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;1n Afrlcan countrles. Users of the Handbook

(5

PREFACE

'3

In the past decade, educators the world over have focussed their

[N

attentlon on the 1mportance of the early years of the development of

chlldren. ThlS 1ncrea ed awareness of the crucial role that educatlon

3

can play in a chlldéé development is ‘one of the factors that led to

\d

the establlshmentfof “the Science Education.Programme for Africa (SEPA).

SEPA, with its”Secretaflat'offices in Accra, Ghana,‘has'as one of its

P

"primary responsib}llties, the,stimulation and .support of a-range of

B

'efforts in the‘field‘oﬁnscience education; ] C e

- B
. . ~
o .

A variety of primary school materials,‘mostly in ‘the form of..
.

Teachers‘ Guldes, hate been developed and modlfled by varlous African

countries.» it has been recognlsed by ‘SEPA, however, that any new ap—"

. qv >
e

proach to worklng w1th children in the classroom can only Lecome eF-

’

fective when_teachers are bothdaware"of and enthusiastic abo%F the

changes® being advocated. Therefore, at this¥time, SEPA gives high
o ' o o s T

© prioYity toé the development of innovative, as well as more effective,.

ways of training - teachers, initia%lyfat:the pre-service phaselof‘
: A) » .

teacher education.
~.'_,This Handbook for Teachers is a,part of a‘Set of materrals which,
'1t is hoped w1ll contrlbute to the 1mprovement Ei%teaChér education

h pouraged to. than

K

Vof the 1deas presented as startlng p01nts, or. nuclel, around Whlch

N "

addltlonal'degelopments\can take plaée in directions decided by.the

o . . X e - .

'.user according‘to his or her circumstances.; Furthermore, it is hoped

N, ot e e e e

Q
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that - users of‘the Handbook W1ll communlcate; through thelr local




’ - 3i o
, e
. curriculum develcpment centre, with the contributors to this vérsion, -* . .
". . of the Handbook. Such communicatiof can Nelp to improve and expand ' :
future versions to the advantage of all primdry school science )
teachers. o o ‘ o -
‘ .
' 4 el &b

Aruitoxt provided by Eic:



SECTION 1:

SECTION II:.

[

SECTION III:

Chapter

Introduction
. .

i

. . S o
2 —HANDBOOK FOR TEACHERS
- Sontents
- INTRODUCTION ‘

Chapter 1 The ‘Phijosophy: Of the Activity

Appr©Cach - to Primary Science Education

Chapter 2  Hoy the gandbook ay be used

ILLUSTRATiéws OF STUDENTS DOING SCIENCE

Iqtroduction o )

Chapter 1 -fInVeat gations. wlth the Ant.Lion
2 Solar Eclipse ! '

Chapter 3 - A Dfaft of a TeaChlng Unit

Chaptexr 4 Stretchlng Of @ Rupbef Band

Suhmary‘ o . : B

SCIENCE ACTIVITIES anD RELATED READINGS-

Q 7. SR

Chapter 1 . Liquids’

'Chapter 2 Stfgﬂgth 6f‘Matérials
‘Chapter 3 Chgnging Systems

L

Chapter 4 Mctlon

Chapter 5 Relatlons ang Functlons :

‘LSECTIQN,Iv?v”fILLUSTRATIONs OF CHILDREN DOING SCIENCE

'Introduct;on . *7‘ﬁ_;\;,~_~__,m;*gﬁ

Summary .
i Y j

e ” —_ U —— e

I

"~ *Due - to prlntlng Schedullng, Cbapters l and p do not-carry
page’ numbers.

Summary

Chapter 1  The gehsjtive Plan{
. Chapte¥ 2% ‘Juba Beach L

. . e L
Chapter 3  UnawzJua? (Do Yoy Know Them?)

a

The number of paJes are taken into account,

when resumlng numberlng w1th chapter 3

Q - ; -

ERIC.

Aruitoxt provided by Eic:

Fage

~J

11

013

15
27

S 33
41" -
50

51
53
55
71

.83
o111

119
134



¢

SECTION V:

' SECTION VI:

’ BIBLIOGRAPHY 7
3
\‘\

ERIC

Aruitoxt provided by Eic:

e

RELATING WITH CHILDREN

Introduction

Chapter 1 .Teaching Science by Recognizing
77 ¢ Individual Differeﬁces

Chapfer.z Intellectual Development
- Chapter 3 How ChlldIED Vxew the External World
Chapfer,4 . Motlvatlng Chrldren to Learn
Chapter 5 The Role of Culture in the Learnlng R
ol of Science - . .
Summary

[}

GETTING READY FOR THE CLASS

Introduction

~Chapter 1 Strategy for,UnitﬂConstruction,

Chapter © Assessing Children's Expérienéés

2
.Chapter 3 _QuestioningLTechniques'éhd Skills
4 .

. Chapter" Keeping Records . L) .
‘Summary '
) .
| T

215

"225.°

237
241

247

253

255

B



=i

. - . ) . .
. - - Tt

HANDBOOK FOR TEACHERS

A - — . — - ., - - . . - SECTION .7:1._ .
INTRODUCTION o ) ) -
: Chapter 1: The Philosophy of the'ACﬁivity Approach to Primary-

7 e . ' ' -
- Science Education

5

.

Science and its applications permeate every aspect of our lives.

For this reason it has been said that we need "scientifically and . -.
' ’ ) . B ] T - . )

socially oriented policy makers, as well as scientifically oriented - .

s i . : .. .. o Y . C :
citizens." . Towards the realization of this goal, thost African States,
have given a high priority to science education. The establishment of

c©

the Science Education Programme for Africa (SEPA) bears testiﬁony to -
. ' o ' Y ’ :
~this commitment.

' SEPA's.approach'to sciencé education takes the view thét sqiencef s T

o

is a medium through which a c¢hild might develop;his natural curiosity,

" his powers of observation’ and enquiry, and construqtiVe attitudes -to
~problem-solving and decision-making. These are fundamental qualities:

of an education which has particular relevance to the total African

.

'envirohmenffsnd which fostefs the child's undersfahding of ‘his world

and his own potentialities. ' As such, at the primary level, the SEPA

DRV

approach' is in ‘direct contrast to the.subject-oriented, academic view
of science. Instead, it cuts across subject bayriers and rejects.
o . A . . L .
specialization in favour of an integration of the many areas of scien-
LY ) : . . . s ’ ) - ) . . ’ L
tific-knowledge, as well as an-integration.of-the scientific method

I8
v

et -
-

1 Keynota Address by ProfeSSor A. Babs Fafunwa, Unlverslty of’ Ife,
Nigeria; delivered at the SEPA Teacher Tralnlng Materlals WOrk—
»Shop, Nalrobl,‘Kenya, August 1971
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with the process of human dévelopment.

The réle,of the féacher is central Fo the succgssful im?lemeﬁ;
tation of the SEéA abp;éacﬁ in priméfy‘schoél classroom. ,fhé méin )
ntaéks oflfhe teachef'ape.to pfggfre‘maéeriais, to coordinate thezl - ®

’ activitie; 9f~the c¢hildren, and to ﬁsk_appropriaté4quesfioné at'tpé. . :

Nippropriéﬁe‘§imes._nContinuoﬁSly,‘thelteacher must diagnose‘ahd |
; ’ ffﬁp;raise the cﬂildren'g‘éffbrtg; theif-ihagination, exci£ement,‘and
e B e : - - o - , : . o Y,
", fzustrations._ Some M.fot.he.'.te'achezg?\fé:f:‘ief:is{i“or%;~af.ffect—rindiAvidual——~~"~-‘»i~'———— ------ —
:. child;gﬁ)ywhile others:éfgect the thie'clégé. He/she muSé decidé’
;ﬁi - wﬁeﬁ to enter into, and when ﬁo witéaraw“frém the éhildren's'ehquify ¢ -
—_— - : ' . : . .
E cdhﬁersatioﬁs witﬁbﬁt interféring'with thefr:oWn ;gmp@xor diréétion;
- ADrawing‘upén.all available résdurces'tdienrich the Ehildren's ekber- T
-  o ienceé, tﬁe teacﬁer can go beyond the‘normal éﬁrricuiar~;eQuirémentsf
’ : Noes T . ' o : ’ : v .
%%?- ) . S  ;‘Tﬁe deméhdéﬁmade on teache;s-by this gpproacb have far-reaching
‘:; ' ; P implications f9£ theirzéréﬁgé:?ice ag wéii és ggf,théir cantinuinés -
- o » educatiqn;v While incorporating critical elemehts‘ofvscientifié know- )
o iéagé to‘bﬁila ahgroad.éomp;ten;e base).the teaéhérfslgdqdétionlshéu;iv” .
e éxgéggéﬁce—orientéd,"It.Shduid,includeréducéﬁion in épmmunify ‘..-i  ‘ =

' devélSpmeht,,{he %any féééts of sducation fof.leadersﬁip‘and, as ;t‘ ilv‘ i.ij

?& ‘such,lébuld bevcharaCtefizea'by.a”style compatiblebﬁith‘the‘reqﬁire; ‘.'

s, s : I S S . N - i b i R
7 7‘:ﬁé#ﬁé.gf;é@eigéles_they w;;l'ﬁiay.in,thgif profgs;%pq.

T; i ,EAs(é'fi;éfgstép.in tﬁe lbﬁg-fer% praggss.éffeffeéting edu;‘
‘ivbationél‘change, SEPA has decided to develop h;;éi;sffétegieg and.~'” -
',:ﬁaterials'wﬁich caﬁ imprové'thé pre—séi&icefphaéé éf teacﬁer.eduCétiéh{-

. ' : I;,the Prffess gf;effggginquchange~by ;;?ating desi;able_atti?pégs - )

ERIC-
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- N tahes place oefore:the tEacher begins Service,’theigains'Will'be both
| more professional-for the:teacher and econgmical for the socjetw.

- " When woung'tifchers become‘more élerible iz their abproach to-educaf . ‘ .

F tlon they wf&l be better able‘to deal with practlcal s1tuatlons as-

.
- N

they arlse SEPA has decided to make a modest contrlbutlon to thlS

TR

‘phase of teacher,educatlon by produc1ng a Handbook for Teachers.

; _ ' what this Handbdok stands for can best ke descrlbed by para-

2 .
-

ﬁ;ﬁ#,,rlohra31ng what~HaVeieek ------- wrotef1n~Gu1de~to*inncvatrbﬁ“1n nducatlon.i -
. - () +
14

it does_not tell'whatlactions_should be followed not does_it‘recom—

mend a specific sequence'of educative events ("This is left to the ST
R . » Q . N . . e e e .. - . b ‘
judgement of those respons1ble for the conduct of practlce in a glven
. * .

, s1tuatlon"), but it dOes prOV1de fhformatlon on how some teacbers—xn—

A
e

s tralnlng do sclence, how some chlldren do SClenCe,\hOW some adults

':relate to’ thlldren, ard how - some people prepare themselves for the

-

task of gu1d1ng children' s learnlng,'as well as 1nformatlon on the

,\/,;

. nature of science.« It doe not tell'you‘all'you need'to know about" ‘ -

SEPA's approachvto'science education. Most of all, it cannot replace
. ,-~‘ © K ." . " ( . . - E o
.+ direct experience with the very-"sophisticated. understanding of the

PR L X . . R

.

.process which comes from years of experience" with many educational-

oo . .-' .‘ . .-‘A s 3
encounters in many situations.

L. ) N e - e e e P : g _,4.‘.v:l"roqvwmu-.—k

The importance of direct experience in,human,developmentfcan'be.

La M - : .
- - - . st

'Vlvillustrated. Theichildfgoesuto"school with some knowledge and some’ ...

-skills already“légrned. .Theuchild hasblearned‘tOJWalk by“walking;‘he‘
::has:learned'EoVspéaklby speaginq'and,by.listening'to others.. He has

s

T
5

e @
.
. »

-2 Havelock R. G.; The'éhange'Aéeﬁt s‘GuideAto Innovationzin Education.
) Educatlonal Technology Publlcatlons, Inc + Englewood Cliffs, N.J.,

. T o N

hat

.\) o e
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taken a certain period’of time tol learn to do each of these satig-.-

© RN .

T factorily.‘ The progess has,beenvgradual,‘in§olving mistakes and set-
s . : : . c : e )
: backs; it has been necessary to go through many stages in the process.
/ ‘ < c )

But in the end the child has wmastered the skills and the knowledge.
. . Y - ) . - » i . T
At the primary school level, however, the child begins to learn

formally in other ways. Observatior: is formalized as. a method of
“&‘.' . R . . . . ‘.” ‘_,'4 )
.learning; sometimes:there is imitation and other_times there is drill.

> z O

. ,_iimii,,,”iiteaxninQISLttatAows involving direct experience are” not always so 'sO

“easy to create and “the learning derived comes 31owly. HoweVer, the

) i old sayirng that<”experience:is the best teacher" remains true and we
’ - : . o ) ) < - : 7////—/ o
o seek to keep it alive by directing our efforts toward sllowing child-

- ren to learn science through doing activities.
Children find this mode of learning natural, interesting and

eVen exCiting(f They appreCiate adult particzpation if that partic1~»'
« 7 . . v K 2
pation 15 in the form of guidance 3nd encouragement rather than pres~

-

cription. For the guidance to be effective; the guide (teacher) must

be able to understand and to speak in the children s "ianguage
. ) . ‘ i . . - 1
P " She/he’must haVe an awareness of how children view the‘

world around

them, of their capabilities at different stages of‘development and
~ ‘ N

of theirfmodeé of thought. _ ‘
S, .q

Such knowledge is gained primafily through direcﬁ‘ekperience ) o
a - with chiidren at work.(and play)., For,this’reaso f_thq;e Qho would ' o (/'
i;.”‘ . e .;be teachexs'of‘young'children muétveoend time talTing Afth andfobeeff ;:;"- \
;;f_ .V; hf;“4_yin?»chi£dfen in order’to gain'auareness.othhefdhildréF'scuiture.if

o Chiidren; then,_must leafn'about natufe,-about t%eir e bironment,/ " R

>

[ T T TR T R L SR A
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in time and energy. Cnlldren cannot’ always appreclate the need for

takes, are so eager to provide. B R 2

B
t

3

abolit the universe, by asking their own_quesfions, by finding their

: t: ; . . . B N - ’
own’answers to their own questions, and, from day to day, build a
foundation for their own future understanding of the world around

Adults have gone' through this process for cenfurles and have

. [

worked out definiteopfocedures for"minimizing the ineVitable*wastage

.

s o

savwng tlme and energy. It would appear that 1ntu1t1vel} they recog~

4

ane that there is some value in taklng a wrong path sometlmes. So

1 *
L3 . L N . . -
they prefer,tq carry out their explorations and find out for them~'

-

selves the answers that adults, in oxder to save time and avoid mis-~

)
e . . «

‘When chlldren are le:t to explore fox. themselves, it is p0551blef

Lo S

P

that - tney qulte often Create s*tuaulons full of poss1b111ties for

[

'learnlng useful 1nformation, technlques, skll is and 1deas or concepts.

There shopld be'guidence to help the child dxploit all such learning

.

oa

-

N situations to the fullest. It is pot intended. that the materials or .

w1thout interest ox guldance untll the end of the less0n.

" topics be thrown,at tiie children gnd‘the tedacher then ledve .them alone

~

It 1s belleved thar throuqh learnlng sc1ence by SEPA's approach-
: @ .

the Chlld W1ll buiid the habgt of - looking closeiy at his 'environmentn

fand,asking quéstions of it. He will: also gain the ablllty to frame,

\ o

hlS questlons 1n ways that permlt answers to be- found th ough perform—

.

ing somé experiments o;_activities offhis'own design. "Even-when some
of the. answers at times are to be found in books. or papers in a library,
N o . 3 . . .. - . ~ % . . .
T . 3 e v s

v .~
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it will be'reboqnized,és

good practice to examine them for possible

. ) X 5 . . —_— . . ) - ¢ ’,
- application to new or to special local- cixcumstances. Most important,

N L [ S

"

-pthe”EHiid"WIilvggjiéagniqg how-to learn. VFéf'thé.key.ﬁqétﬁe future

progress of science is in the hands of today's children, as is the = . = 7
application of science in,technology within our society. . '
N\, .
\ . '
\
. \
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Chapter 2: How the » be used
N : . The reasons . ~ .J this Handbook. are several. < an

R . -

be summarized,rhOWever, by stating the need for a text specificallyb»

Y directed to student teachers-in African teacher training colleges.
. . . »;.~ e Ry -

Because of more than a decade of 1nnovatlon in sc1ence educatlon,;~

there ‘has been a strongly felt need to bring together and expand the

e " many 1deas contrlbuted b‘r science and teacher educators Jover the past R

P . T

JON > S

few years.
. It is heoped that this Handbook will serve as a guide whenever.
you w1sh to carry out act1V1t1es, or to improve you“ experlments by

referrlng‘tO‘readlngs or procedures. You do not have to'begin at any

‘particular point‘in the Handbook.' ‘Nor is 1t 1ntended that you follow

. d i . i "
a llnear progress1on in g01ng through the suggested exXercises oir ac-
. . " !
tivities. You maygeVen have several activities going on at-anypone‘

v+ =« time, some taking longer than_others torcomplete. For 1nstance, you

o
: N

may have set some seeds to germlnate, and exposed some samples of

v . B B

metals to_the atmosphere to observe the rate at which they rust, at

- ' the same time you are studying the evaporation of liquids in differ--
. . o ) ' S ot \ '

ent conditions. However, the various sections of the Handbook have

" ... been put in a definité;sequencefwa=~ful ows
‘Section I gives you the reasons that led to its production, the

L L o R .
rationale .and philosophy underlying the approach to science education

oo : ' ' . s : . :
that SEPA advocates, and the way the Handbook is intended to be used.

Section II gives you an idea of what it means to be engaged in

.

woON

Q ' - o " C

ERIC - . | ' 3 : - ‘
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.. science activities. It deals with‘Various activities performed by
.training college students under the guidance of their tutors.”“ThefJ

resgonsibility for'lea:ninn is left largé;y to the qtudeﬁt. ~¥purwiil'
see tﬁat by -working in this way, 'Ju‘maygéainysome géAthe coﬁpéténée
of a scienfist and science teacher. This is important fér your
feél#ﬁé éf.sécurity'ana.coﬁfidenée in the él@sg;oom.‘ |

. Séétion III; shouid)be conégltéa.for acﬁivities ;ﬁd:relatéd

; readings with which you may wish to begin. The section offers a

‘Vaﬁiéfyfoflmégéfiélsrfhéﬁiﬁgyklead to truly integrated science acti~

‘‘‘‘‘‘ vitieéiahdfsifuations.~ It,is,intéhdéd fq;get_you involvédﬁin invésti-
gationg_of yOur own - the first step;gpwards developing competence,
confidehcé in yourself, in your apiliﬁy, aﬁq)in theivaiidiﬁy ofvyOuF
, own ideas. _ | | -
Section IV gives illustratidns of_howvthls ééﬁroach has worked
.and ‘can wgrk wi#h,children; it showsithatvdéing‘ééiénée:;s wél1 .f N
witﬁin ﬁhe capébili£iés of gVén vefy\Qoung,éhildren,'ahd_pro?idééayqu :u_:'
withvexamﬁles to'ciﬁe/in Sﬁpport éf this;idea, o !
‘Section V exélas;s_why you\muét.lé?'children Ieh:nvscienqé_in
jtﬁis wayi It‘proviaés you with.séme of .the answ;rs you will;need éo‘: ‘

have  ready for‘éften”well-meaniné conéervative edu;ators who t}; to
_weaken your qonfidence. They do Fhis by arguing the'advaﬁkgge of
.speea ﬁhat the lectﬁie/démonstratién métﬁQﬁlhas és opposed to aétiyity;
o:ientéd }earhingf. | .
,Section VI describes some of thenthings;you neéd when YOP

r

decide to give children the 0ppbrtunity to learn some real science. .

o«
&

ERIC: o IR S
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It gives you the "How to do it." The section also deals with the -
T o ; , : o .

ERIC
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~that NEYE thgy:age given materials and left to work on their

“own. Readu. thfoﬁgﬁithis’handbook,,a teacher cannot help but -

: knoﬁfy problem of how you ‘Assess .children's éxperiénées,~ahd how to

handle social pressures against discovery learning.

Many - ‘hers .seem to.feel.that qhildreh_cannot'leérn very much

¢ . B

. . - ’
s

become aware of.examples of ,work done by.children with minimum

.

assi§tance-frbmfpéééhers; The role of the teacher in assisting.’ .

" . sections:

“activities with the pedagogyféctivities given in- Sections V-and VI.

e
;o

.éhildfén'to'leann science in this way is given in Seéctions V and VI

oy

*of" the handbook. For a teacher tb appreciate the excftem&ht‘that

children experience in working this way, it'is necessary  for the

'
RPN

Al -

AL . . e
teacher toldo some of the suggested activities on _his or her own.
This hhndbook ‘is not. a qonvenfiona%:textbdok, and théAideas

presented are not arranged sequentially. _This\means~£hat)in order
for the tutor or teacher to maximize the usefulnéss of the handbook,
he must fifst familiarize himself with.%ng is contained in all the

& s o

In guiding students, a teacher is édVise@ tq‘cohbine thé science

In essence, ‘there is a|{need to shift back .and forth rather than to

AP

go‘iﬁwsequence chapter*by chapter. . In this way, the‘spirit‘of'Lhe

approach is fully grasped. Tt gives‘you the "How to do it.'"" The

‘séctioﬁ‘also deals with-thc’knotty problem Qf_how you éss¢ss éhildrén‘s

. " )

experiénces, and how to handle social pressures against discovery

. learning.

-,
3
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° .. STUDENTS

'DOING

. SCIENCE

BATTERIES AND BULBS - - Tutor Working .
“with Pre-Service Stilidents -~ =~ -

ATTRIBUTES - Child and Student

- : » . Working Together as Tutor Looks - .
‘ On - o . R :
A A .

#“ ’ )
| N o . . . . s Lo
LIGHT AND MIRRORS - -Student.oh =~ = -
Practice Teaching with Std. V. ° :

) "Boy ‘ ..“: o
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|

Introductloﬁ : S SR *
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- ;Why teach sc1ence at all°

! . . ; .0 . e . T

S C The answer to this questlon requers deep thought, not onlj about :\\\<
L . the nature of sc1ence 1cself but alsé‘aboﬂt the teachlng—learnlng P S\\;
e . \/'\\/N\ ; . . o to

process Too often the way that sciénhce: 15 taught lS mlsleadlng, be .

:1t durlng the_early years “of prlmary &Qﬁool ox at, secondary 5chool

[ -~

“and Teachers College; The empha51s is; flﬁced Qn fote learnlng about

. .
the dlscoverles of others, g1v1ng thﬁ lEarﬂer a mlstaken or dlstorted}

\

Av1ew of th_ nature oF science; In the grocess of 1earnlng,~a person .

who may become a prlmary schOol 1eaver often haS no opportunlty to

acqu1re the problem solv1ng skllls whlcﬂ»cﬁn be helpful 1n day -to- day_-'

'llfe : Nor, if he is to become a pr;mary school teacher, does he galn o

" the’ Skllls necessary to prov1de a. sultaﬂle enVernment in Wthh others
o . A o o o o
can acqulre these skllls.;,_ o L l"ﬁ : i

As one sc1ent1st has put it W..} tﬁe dlscovery Cannot very often;f‘

jbe a_frew one, it is too hard a task £0 @XPect “the schoolroom ‘to.xe- -

(A}

capltulate the h1story of science ... (put) ANy study of sclence that e
“does not allow the poss1blllty of dlﬁeoﬂery 15 a stultlfylng one, above'

.3?4all at: lntroductory levels
' The excerpts that fbllow}are exampies of wOrk wrltuen by students'

Fa
b

»who‘were'given thgaopportun;ty to cafry out thelr own sclence lnvestl—f

‘"gation,lnjan’atmosphere condugiVe to free ekplOratlon and dlscovery o
: o o - T

R
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L
Chapter lriaInyestigationsfWfEE/EhS_EEE;EEQQ.'. . R st .
| Using the act1v1ty approacﬂ te learnlng sc1encey the sas; materlals .fﬁy..
. can b used “atTmany dlfferent 15Ve15 Although the s1tuatlon may be
'the same, the questlon asked by the,anestlgator_'vull depend_on his'or '
‘her experlence and stage of th@]lentual development ‘that;foiIOst e,f B

O - . .- : . . R i

is an excerpt from the report of an ass0c1atei?£; stuo Foatte e

a one year Dlploma Course at the Unlverslty of - Ibadan. Shé'had never':'

i studled sc1ence "g;,“_*__;Nv/F\;_/ii‘;/~\\w/~~~éf“f;~"'

' Investigations With the Ant Lion '

by
éa\;y; . T L , u';'”MIS{ Andeflylke AyankOgbe R ~ D

Assoc1atesh1p Student UanerSlty of. Ibadan

S . . - . - 7 . - ®

. .Introduction:_ e L l
ST el ; : ~ ST 3
— e
L The Ant Llon is a common\;ﬂsﬁct larva found in loose dry sand . g

il

\\

"uba chlldren enjoy playlng a game to the song\of the ant 1lon <As'

\_‘
\,\ .

the ChlldIEn s1ng,'"Kulosor(ant llon): ablyamo fohln so'" they behave\~ e
H:.,.. : ' . e . \\

llke an ant llon by jumplng bacKWards

EEREN
ey

- ) The ant ]1on 1s of no eConOmlc lmportanCe +O the farmer, hence o

no detalled study of thls 1nsecﬂr and Of how to control 1t, has been

done. 'However, the ant lionfis an example Of a source material which ,rf
can be collected on Nigerian‘soil- observlng it, gives. the prlmary

school teacher an 1ns1ght 1nto darlous acthltleS that can be suggested

. / ] '
s o El '
e

" and carried out,,by_children.- .
, .. . ‘Working with ah ant lion g0 be interesting and exciting, and

. S a
14

many scientific ideas and princhles‘can pe gained, 'SuCh,WOrk trains - .; o

20

ERIC v
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the student to be curlous, observant and v1gllant when trylng to flnd

a solutlon to a problem Perseverance,.patience,_and'alertness are-

'necessary for working with_the ant lion, plus interest o want to work

O]
P

&

7. on ‘one's own‘after the school hours.

.~  This studyywas"started o Ot

- Jduring-class activity

v

'Yoloye,vmy science tutor; His.ap-

Slre’to‘StndY_the an*5""]-17311—5??76ﬁd“'any-studv undertaken by ouigﬁﬂ'ﬁ

”othershln the class,“and,gflnally, perhaps to lead me to some. contrl—ﬂ

gutioﬁ in’ the study of nature in my 1mmed1ate enVJronment at the
. _ﬁUniversityvOf,Ibadan} ,‘mw'...k"yxhui e

'ThiS'study was baséd“on;observation-and experiment with eénviron-

mental phenomena unkndwn to the ant lion. At the same:time questions

.! . -~_ .

.t “ o ) ) . » . ) ‘. i . . . tas T ) L. ) . ‘

’ ﬁﬁ“’iwere”posed to*direct the investigations necessary to arrive. at conclu- .
sions. = ) U S

Sc1ence has taught us - the lesson ‘that there is no absolute truth
X ..

: trutn about a thlng may change accordlng to the prevalllnq c1rcumstances

T
PR

The flndlngs in this study can be taken as rellable to some extent -

because they were based'bn actual observations. -Classroom discussion.

with other associateship.students gave opportunities for comparing’ ,J

'and sharing'knOWledée}in relation-to the findings; .In studying anyh

phenomenon in.science, I have learned that there is not always one

\Excorrect answer oxr'solution to a problem; or always-one method;to thef&f

s fz\diné"of a solution” And fJnally, ln an, attempt to flnd an answer
ey N [
- to a pro\lem other dlscoverles are made whlch mlght not" have beenf'-'“y

"\;1“ .- ) i . . -,-. Tv S

Aruitoxt provided by Eic:
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. : : - T .
anticipated. This is an incentive to pursue the new discovery to gain
St : . L : P : i !

- knowledde.

T

e and stlllmprey on a v1ct1m° f.

PAruntext provided oy enic [

:

'I.am very gragef my science. tut

_1ng me to collect my 'lndlngs and submlt them Lh thls form I ‘hope

!

_ th1s paper w1ll lm;d others to the deslre to or? with" thls Qpen-ended
apprOach to sc1ence study, an approach used in ﬁhe Afrrcan Prlmary
. i X " .

,,.z',
_Sc1ence Programme Unit, "&Ask the Ant'Lion il

G PARI‘ I S ,_ .

I
!
i
i

ln thls and subsequent sectlons, the dlscussron w1ll 1n general

follow this order:- ' . o R . , ~‘v‘t”' P

Question asked; e e o S o
Study;carriedlout;*

a_' : o Findings'or'discoveries made.
’l Canuan ant lion make 1ts funnel trap in materlals other than soil
. .. - -Q" ,

- I prepared ‘an observatlonal plate w1th a heap of gari (cassava '

frled to looh llke dry s01l) and drOpped three ant llOnS onto the plate,

L

at 9 30 P. m.~ At about 9 35 p m. one-entered'the'heap of garl.__A

moment. 1ater, the second also entered the garl and started to, make a.

funnel but later stopped - The thlrd whlch was on 1Ls back flipped{

to normal p031t10n at '9:45 p.m. and stayed on the heap as 1f ponderlngl

5 Somethlng - perhaps a sensatlon of belng on a dlff

. \' .
the gar1 ‘at 9:52° p.m.,. throw1ng the garl upwards untll a smal1 funnel

far o Cpcourage

=rent’environment.”' ’

. However, at 9451 p.m.'lt made an ‘inward, backward movement and entered‘ﬂ'

.was formed. These observatlons_show that this environment;is conducive'

SR RN

4



..on's way of 1lif iings . o r-students‘in my class

alse oo cul it an ant lion can make funnel! in dry starch-and—dm—————""

B ‘a

éassava-péwder.' fbis i$-an"édaptation to a.newiéhvironment. In our
,éxpé#iméfts ﬁhgré‘Qas‘hél-;iéar év;dencé.ﬁhét»ﬁhe ant liényhés ;.prefL"
T§S§<\' ¥ r« i. §Fenc¢ bgtweeﬁ g:avel'ana iooéé'a}y_sahd{’i’;ﬁigk}~ho;éyer fhgt éh;
.f}‘. /aﬁt“li§ﬁ QQuld préfer';he sand. to éggvel, since gravél~would.béfhe;vig; . «-1m

for it to. throw when making a funnel. nPkeviops,obseratiQns support. -

A . this deduction since ant lions were found mostly in loose dry sand. . St
- PART II "
s 2. When any prey is:caught, what happens?.
= - v e LT ) . - :
. - - v . L : ) . ' . . . ‘ i .
- The“ant- lion draws the prey insidé the sand and covers ‘it with
" sand. "Later observations showed.that the carcass of its’ prey.(an ant) -
. ‘was thrown out of-‘the funnel. This:made me deduce that the ant lion )
do€es. not eat'its'ﬁrey but Suckslﬁhé juitce fromﬁitsnbodyg”
3.. Does fhe ant lion suck frém'deéd‘insects? ' : £
’ I dropped,a,aéad;ant into‘the fuphel to?see whetégr-theﬂaht lion ;
- . .o . . Lo RPN L. ’ S . i ) ) . . l , i
would seizevit.: It did not touch ghe ant.. I repeated.this with a P :
- S ] ' ' ' e L L

’,

11;n  ﬂr>__vémall ;éd;wqrm whichywasgdead_but_thg ant 1idn"a150'Ehrgﬁ”tﬁéf”bﬁt“*

0

after some time. Perhaps theﬁaﬁﬁ lion does not suck from dead prey.
P;",:. 4. Does‘the ant liqn catch-prey on,a flat surface?

{;*' oY ZA_studyﬁcarriedéout ohfa‘table,\a pléteh-a,trayl and a piece of
o . s e ke SRS e SEET

paper_showedﬁthat it did not catch preyon flat-surfaces,  The prey

walked oyér the ant lica. I répgated'thé\§ésts;‘but the ant’iiqn‘Ai_ B

did not tOuchjthe prey.“ I then returned thefgnt liéﬁ‘td&fﬁé_;éhd t£5Y 
S T - i B e N TN | L :

e e IR A
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'f63; What are the phys1cal features of the ant llon°f*~

to see what 1t would do w1th Lhe same prey when the ant~lion was Ieft
: v :

to make a ‘funnel and I dropped in a’red worm, the ant- lion selzed 1t

v

1mmed1ately. -The ant lion preferred»its natural  abode for catching prey.
. ) - ., s

Y

5. An experiment to. test the lecturer's suggestion'that:an ant lion-
eats termite wings'and_body(or;other insectsjinfan-enclosed'perforated

tin.‘ ‘ . -'i’” Lot e o
The ‘same. ant llon that preyed on the smaller one was removed from
. ) ¢ : :

'the garl and put 1n a’ glass tumbler overnlght Wlth small moths dnd two

'termltes. There was no sand 1n the tumbler whlch ‘was - covered wlth a ‘

plece of nettlng ln the”mornlng;the‘moths and termites_were found

' deady as if“life had been sqcked~from'them. ~The;ant lion“did'not'eat

the Body, or wings. “To prave this tur*her, I. 1eft the larVa with ‘the

dead-insects for'two days. The dead 1nsects remalned as they were

B .' "l . " - o
'Closer observatloh did not reveal that the ant llon had a mouth for i

et }
v . ) ‘/ . L _\. . -y

eatlng.‘ An. ant l;onfdoes'not e%t the wings or bodies of moths‘and

. s
‘. i !

.termites. However, 1t seems as if it can catch its prey ‘on flat sur— .

4

faces 1f 1t is. enclosed w1th the prey so tHﬁt the latter Cannot escape -

i K
.
.

e e ey e PART 11T

~

Phys1cal Features and’ Movement

[

Loe b L
s

R :

Its body is halry Wlth black spots. It has a segmented abdomen :

which 1s of a llght brown*colour - It is dlamond shaped w1th three

. .‘u

pairs,of “legs; two“folded“on its abdomen;‘two (longest‘ones) outstretched;{
‘ o - o O
from the chest and two (tiny ones)‘stretched;tbward”the,head. Its SV

" “body is divided; heady chest/thorax‘and abdomen.u_On.its(head are,twd

. .

Lo

PN
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:Y“, curved_pincers3and on elther é&dé:of the pincers;areftwo black spots,
Q' appearlng te be eyes, and two black outstretched .very slehder feelers.
o Observatlons-of snaller ant llons did .not show the feelers ‘and thls

suggests that the larva matures ln stages of development ‘H |
: Beactlonsfof'Ant Lions to a'Varietyvof.Situations .
T A_'7-’,' What is .the ant lionfsf.reagcl:ion to, Ze").cp‘osaure?, g o e
ObserVation showed that:ant lionslcanlwalkfa léng diStéﬂCé'before%‘“

- m?: L yflndlng shelter in the soil. ~The four ‘ant. llons kept -under ob,eryatlon _;n
tjdw’ o : fﬁ .1n the plate Vleft therplate on seteral occaslons, dr0pped down from

f-the high” laboratory table and,walked away to darkzareas. They were -

recovered.ana;putuhack—1n the plate.

C

" found the upper posi-

In my'observations,
‘,\" ? 5 \
tonbe developlng 1nto

LR -
o

I dug out one 1n the upper posltlon and found it

%the nextf(pupa) stage. Another dlscovery to support the upper pOSlthn

2

was the cocoon I dug out unknow1ngly at - the top of another funnel

‘ I concluded that’at the beglnnlng of the thirxd. stage of develOp—.

- ment to pupa, no food is- needed "so ‘the +ant lion moves from tne Orlgl—

. . N ‘ .

QT

Ao i P
S SN
b

o

L
e
L8
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. L o o . ) Ll . R i o «
S Research to Detemmine Different Species of~he Ant Lion e :

How many spec1es can be found on he, University'othbadan‘campus?

, : . 5 .
o I collected 45 from varlous parts of the campus to learn whether

_ dlfferences ln envrronment would determlne the- specres,aor whether

;5 those same dlf erences would lnfluence body colour
e The collectlon ranged in wlze from tlny to very large <The-ant _,.'f'v“
‘iillons Weg; Scooped 1nt0 an enamel cup and taken to the ‘science labora~ ’.’g

;feet square I observed the

" The first eyidenCe was shown in the

o ;' tcfclass.; The cocoons form‘d by the ant N
" FCocdonsralso vary in build. Every part of the cocoon brought by e
'ﬁﬁ ST another student was covered wlth sand while only part of my cocoong' R
2 . - 1 - t

Aruitoxt provided by Eic:



was covered,

/

cellophane-like membrane
; » R .- .I}/
- ll .

/

-

The bottom of the- oOuoon revealed a wh1t1sh looklng

-

lout of which I presumed the adult would crawl,

A )

~ .

How does the inslde of the cocoon look?

Ondopening one, I found'black arid grey carcass of the ant Iion,,

and looklnq 1nto the ?ocoon 1tself I was amazed by the" beauty of the

el . i

1lve*y 51lh nhome the ant llon had. bUllt

N v

From another cocoon I pulled a carcass. whlch was whlte and dlffer-

l‘g ‘ ' -

more information-about'the ant lion.

Sl ,

- - et T - - N
- e . K

“on the" campus.

To answer thls questlon I went to

- To flnd out bow many specles have been 1dent1fled in ngerla,‘f
w°nt to. the Entomologlcal Department of the Facultyuof Agrlculture.

was shown flVevspec1es already 1dent1f1ed and arranged in boxes for

ThlS was moxre evidence to suppbrt my ldea of two

- evidence from other sources to support the number of

¢
e
’
o

the‘Uniyersity Library to'find

From the Encyclopaedla Brltannlca
R‘M

I found that’ mnay spec1es haye been discovered in many parts of the

STl ~,world (65 species haveﬂbeen identified in' the Unltedistates alone).

.

o
oI

e " i

P

ar.

: - :
. stuay;v Thegfive found in parts of Nigeriavwere classified as follows:s
<l _ ‘+ Oxder --Neuropteraf .
L - - R - . N . ) B v
. L ¢ Famlly - Myremellontldae e _ R
S ) Spec1es t;Marcelon validis (ant llon)' S T uu_m.
™ 5 . : e R
h ?'(a) palparas,pfurfu;e?é ) Rambur have yellowish'
_ o . {b) palparisft{gris dalm} patches .
o . ' i NCE étenares'hyeenay dalmﬁ$greyish)
; ' @y tomatares cllv1cornls latr
‘ A{e) _Mclachlen (spec1e found at Ibadan)

ERI
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PART VI

e

The Adult Ant Lion, Sex and Its Food for Survival

13, What can be done to kéep the ant lion in its adult stage alive
’ . " ~ .
o for more than three days? ' :
' Various experiments with rearing had failed to keep an adult alive,.
"On my second visit to the Entomoldgicél Department,-it was suggested -
that I prepare sucrose in a specimen tube, using cotton wool as the
i . . . . ’ ya
1lid of the tube so that the adult ant lion might suck the sucrose from
the cotton wool. ° . ‘ ‘ L -;
?he next ant lion that émergedwfiom its c#coon failed to settle
. . ., ) ) . . i . -v
-on the cotton wool soaked 'in sucrose. It.did not satisfy its need for
- food and it died on the third day.
o . : ’ v P )
Hope came to me when, -on 10 April, I discovered from F.S. Taylor's
book, Science Past .and Present'(pégg,53)v§rst6r§ that suggests that
the ant lion does not take food. The imaginative story goes:
2 - ) '. ) . ., .- .
_ . “"and this animal when born, swiftly perishes because
C Y. “it cannot avail itself 6f food and so dies of hunger. -
' _ For being of two -appetites, when he wishes to take °
.meat, the nature of the ant has 'an appetite for seed,
o ) and refuses meat. But when he wishe$ to be nourished . - 7“~1.
ER ‘ on seeds, the nature of the lion resists him, " So
R . - ‘ ) belng unable to eat elther meat or seed, he perlshes

"SE\then decided‘to try to feed anﬂadult ant lion on water; sihce .

many insects feed on sweet things such as neCtar e

P

I fed the newt adult ant- llon that hatched in the follow1ng way:

. o (Pupdtlon of- the adult was from 18 March to 11 Aprll)

“

N «

\)f“ \ o [
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" Time of . N ' A \
Date Feeding #~\; Usea Food Given = Quantity.
" April N
11-15 Did not feed on t\e cotton WwWogl SU§ar water
16 3.00 p.m. ’M//p'd.f knife Sugar water Minute amount
= . : S
18 2.30 p.m. T%P of knife .- Glucose .Refuged
. 20 3.00 p.m,. m}p f knife - Sugaf Qater Minute amount
5 . . . " ) ‘ £ R
i T T T e e S :
76 3.15 p.m. . N/ \ it drink _ Comparable with
- S o 5/; container Sugar wateXr. previous occasions
May 2 7.15 a.mn ‘ p/’\ a teaspood Suga;3Watér Negligible, adult

looked rather dis-=
‘turbed and flapped.
its abdomen

l

On b May I was’ sorp/ \o see that pe ant llon adult I had been

studylng was trapped by. # \p1der's we, and was. hanglng in spaCe in the

‘ ‘rearlng cage. Though th/ \p1der curtyjled ‘the 1lfe Span of my ant lion,

'

" I had been”successfulhat k\eping an agult ant lion alive for three b\

. whole weeks,_an_achieyem/ﬂ\hﬁhiCh has pot been recorded. in any book

I-have so far read,

.PART VIT

,Though this is the’/p§‘of this Peper, ;_have not finighed my

':ass1gnment on the ant lld od 1ts Ways I started to rear others

that would lead mé to kgjﬁ 5oth Inaleé —pd females 50 that I could study .

'the process of reproducty ﬁ co see Whet the eggs of ant llonS are llke

»l\

It is. a plty, however, tvﬁk guch as I gﬂld have 1ikeg to contlnue w1th"

such ‘a research, my rolq ﬁ§ 2. houserfe wlll nOt allow lt I have left
the’ campus for home and Vﬁ\ care . of Chlldren and husband .HoWever,'I’

Shal; keep my- ass1gnment }ﬁ mlnd and hope I can make a* contrlbutlon

Jlto llfe S knowledge by f&fkhgr 1nveﬁtlgatlon of the ant llon S-ways.

¢

— e ———
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of the many Other.questions she investigated were:

~her own investigation is a striking éxample of how a mature

- 25 ~- /—o’&(o‘

This represents only a portion of Mrs. Ayankogbe's report. Some

Do ant lions prey on one another°

How long does it take an ant lion to kill a prey?
How does -the ant llon move° L I

Are ant 1lons found 1n wet Funnels ' o =~

How -long does_ 1t take a larvae to. change into the pupa stage’

-What does -the- adult*ant llon“feed upori?
To_conclude, we quote’ from the comments of Professcr‘E, A. Yoloye

ag stated  in the egCerpt(.was the supervisor on this project:

. . . e
¢ .

: Many educators would agree that if a teacher is to generate
‘excitement in a particular way of learning 'in his student,
‘he should himself first experience such excitement. It “has
not always been clear however if the same units prepared :

' for children.could form the basis of the curriculum for the

teacher. The paper presented by Mrs. .Ayankogbe summarizing'

adult teacher could get hooked on the same unit that- was

written for children and carry out meaningful and chaIlenglng
1nvestlgatlons.

|Sc1ence educatoxs may flnd the paper  a useful addl ional N '?J

ool for teacher training. There are -several conclus1ons - )
iin it which.other teachers may want to challenge. There are

\number of unanswered questlons which other teachers may
want to pursue :

\should mention that Mrs. Ayankogbe had. practlcally no
S¢ience instruction. before coming -on.the course, This
‘s ould be an encouragement’to teachers who fear that their’

'"”"““1 ck of training in Science may -be a great handlcap in
J.ljarnlng to be a sc1ence teacher
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Chaptef'é: Solér.Eélipsé” . - . vrv;
' Th;? report of‘observations of the,Solar;Bclipse in 1973 by“a
"class ig a Tegéhér Training College in Ken§é was written by a sec0nd.
. - yearistudent;mehe"Class had done.science at secondéfy schéol.beforé
~ . . .
. enfe?ing college.'; o . X :
SOLAR ECLIPSE 30.6.1973
As obéérﬁed}by mgmbersﬁof Pl. C.
(and ?ondénsed by Calestbds Juma
O.V‘S‘ERVATIO'N 1 (THE SUN) " o S
4 2:45 p;m:: This was the time wheﬁithe firstlcontadt éc;:}red: T£i§
: | w;;‘cleafly'seén‘by means of-E#p6sed gegaﬁiveswané_Pin—
h 3 hole Cam?réé- -Clouds partia%ly_cpvered the;sky;thug .
E allow;ng‘some'peéplé to use nakgdleyes. .According to
j. n thqse using negat;veé;'ghe_first FontaCS.appeared as shown. ~
_ - »1 - belqw: R 7 EVk{
o l ‘

e B. 4
- i
! ¢ B
. ,
o -y . ) _— - .
“ ~~ Using Negative(s) - Using Rnhole Camera -
p o VoY e o ’
. . In "B"Vagove,,the ﬁissing pa}E is where it is because
[ ' » of the explanation given.in the figure on‘the'following
~ . o .page. ) .- 7
y
‘ . [ -~
" 31
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. 7 ———7— Hole (Pinhole)
———e v i . _ .
Images are Inverfed * ~ | - >4 :
in- Pinhole Cameras. = - — e
The folloﬁrng is from £ilm negative;observation. ,
\ : 3:05>p,m,;-:About 1/8 of“the;sun.wasfmissing-and a big cloud came and
- ' 2 s vcovered the sun thus allow1ng people to use’ naked eyes R
e : e o L B, . ) .
3:15 p;mh: There appeared a.big beautlful star near the sun and there
was a. great dlfference between the llght in the north and’
that to the south " This tlme there was a Sparkllng llght
'fromNthe'sun;"Lt looked llke thls-
T:g!
T
3:3¢ p.m.: At this time the light from the sun looked more yvellow
than oolourless.;_Within a few ﬁinutee; the :sun Was“in—
vaded by’ a pink—like matter; irregular-in shape, and-
before a further observation.could be made, a big cloud
N
L D ¥

. , . , g o . . ‘ : A
" . e o " oF - =, N . [
\‘1 T K - R ; . L .

, A : e
s S C
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4:00 p.m.: A

From

4:00 p.m.:

- 20 -

covered everything. -The scene was this way: .

. N -
T;§14417 ik
- N
Y L
- .
D htin- . s e
g

There remained a small part which gave a little light but

1the north was very dark ‘with a- few distant stars v1sible

near the horizon.

, Chmox |

There was constant.amount-of,liéht fortSZminutes Qhen the

crescent like sun was now drifting downwards which suggests

that 4: OO Pp. m, was the Climax’ of the Eclipse in Egoji*~

(Centre of Observation) I would czll this time "State

of Stability" becausethexewnas'prac:irally no -inoreasel‘

T or decrease,of light,

a



. ‘(.,
/

" - - - - . - L.: - -

.

~

“4:10 p.m.: ,The light increased gradually so the shapes changed as

shown,hefé andithe'glittefing stérudisappeared.

- T e B0 oL

-

o ./5:10 pim#:” And finally. at:5:10 the Solar Eclipse became history
. . , . ‘ f’ - . : L - L
,OY current affairs because, the sun was ‘like this:
£h .
-
¥ .
' 3 S
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From the flrst contact there were many clouds and heavx wind but
. . \\

as llght contlnued to fade away, the wind cooled slowly 1n comparlson
" The" iiéht was yellow1sh and clouds had

“_r,,_h.WMww1th~the—fad1ng of“llght
To the north clouds were darker than to the south

different colours
The temperature#droppedﬂand it looked llke the. atmosphere at 6:30 ‘a.m.
People s skins looked as if they o

after a short but’ torrentlal rain,
. flashed with artlflclal llght from a neon lamp. -
. The shadows were not regular, i. e. * they looked like shadows formed
"~ - by two faint lights. ‘ T
. "/ '
Sun ' i
/j £, :
i i
i i i ¢~ Joject ,
; -
Shadow "

1\?‘ o

The spz=d of the w1nd was 0 km. per second at 4 10 as obs_rved

from Lhe college anemometer.

.



OBSERVATION ‘2. (THE EARTH) . . o A -
Fﬁ'. COllECtEd from Various Places and Condensed into Facts B

' FIEST CONTACT

This was not observed by people who had no apparatus- to use such =7

K

“as film negatives and pinhole cameras.

_— »-vAs the 1ightffaded_away slowly; peOplé;becaméinore4aware and san 35“
- ‘_the feiiewrngvetentsboneniné'up: | : |
y _:B?HAVIOUR OFAANIﬁhLS : \ ;
- ' | Aﬁ ohservation on birds showed that
- _ “a) Brrds were flylng to thelr ‘nests and produc1ng what we have
N\ﬁq:hﬂi L dec1ded to call "Evenlng Sangs" or "Prep for Nests Songs v
"ih) Hens whlch(&ere also observed 1n three dlrrerent places.;ere
.mov1ng _round sieeplng piages and produc:ng "Open for Me
&‘éounds. B . | ‘
° 2)  Cows were«observed in five.éifferent places .and wen whiat I
catled WClimax‘of‘ﬁclipse"';ame,fthey gathere;rtagetherhin a
.f“A ' Asense:of'"iet ns.get.sleepinq." ;After the clizax,'these

amlmals got scattered agaln =nd behaved as 1,;~: 'was in the

morning,<ifeg shaking the musclesjanﬁ'lickingfthe grass as if
there were'de;xen. In anothex Observatien~centre, cows'gathered

, near the gate to thelr shed and producod htwllng noise as.

U : 7

if it was "Please open\\er us® but before lonyg hey‘found_it
_<as 1n the mornlng,b When,l%ght came more, birds agaih gave'i

differsnt sOunds simiiar tc those sounds heard .in the morning’

- about: 5:00 a.m. or se..- Coc;s were crOW1ng/

[ERJ!:ijZ_. . f Lo S \ |

Aruitoxt provided by Eic:
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I'N ) o BEHAVIOUR OF PEOPLE. FROM DIFFERENT OBSERVATION CENTRES

!- ' Chlldren . ' S

‘ Fromwvlfferent observatlou centres, children fell under Varlous

{

observatory conditions..

. oen
.

-

*
~

thing as they drove cows home. Scme c¢hildren in a Shamba -

were called home by their parents and they-went'td stay in
! ) r : ) . . ., . - ’ ) ‘ . -
‘their houses (locked). .. = .. --

T b) " Some chiidren.ran home crying aftzr zaving been told that'this

was doomsday. o B - - L p
o . \ '
~ Women o]

- ) LN 3

chen Fall :dn “=wo ce~egor1-u, the old anu.hlstorlcal and the

- beczuse they haé =zeen it during their'youth a2 thérefore continued

to gaZe with nakz==* eves whenever there was a —loud. The young women

were running wit==heir zhildren and puttizg -~hem in'housesuwhilejthey

_ up their things to go homa.

Men o Con Co L o -
» ‘ ‘ ’ Y

Men were observed from cifferent angiss. From a bar, there was’

o
R

‘ o R ) _ .
a group of &zmkards who chserved with naked zyes. Many men were
using film negatives,tovobserve.ffA‘mad m=n was observed and he had

a filmrnegative in.his pocket he was infcrmed) when he saw the” light?
fadlng away, he sald "Nom-i'll.gogto sleen:and waitifor‘the*dawn,"

but when he saw people obsarv1rg through neuatlves, he took out his and

’

Aruitoxt provided by Eic:

) - V : ) ->~ ) " 3 ‘ .- " . . ) ’ N
a)r Some children were shouting, delighted and made fun -of every-

young. The old woman saicé th.; was natural anZ it had no. effect on .eyes

‘came. out to glarﬂf.and gc .back in. .In a mark:z some women were'paoking o
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"-” ; . , \ . .
: S rnstead of looklng at;the sun, he looked at the earth and ‘whef he was

‘dlrected to look to the west he saw the crescent shape and he started
shoutlng 1n a mﬂnner which could be better descrlbed by a psychlatry» o

*speclallst. A man looqug after ‘cows was observed., When it became
dark (climax) the cows gathered together and he was excited and rah V
- . L ‘ 77
. - home leaving the obstinate cows. A few ‘men were scared to observe be-
- N . -] - . .
' cause of the propaganda agalnst 1t and fear of bllndness, and SO* were

thelr famlJles

OBSERVORS -

Some of ¥he ' never—mlnd—anythlng" observors had eye complalnts

{
as’ a result of stralnl g through the negatlves whlch could not regulate

A

< the’ llgnt becauoe th powar.of llght was changlng from tlme-to-tlme

"In some tne pain, contlnued up to the nlght, maybe it ‘came because of

'psychologlcal worry that they would be' bllnded 1f they looked, who

:

knows?

GENERAL COMMENTS

: . . . ' ’ . ' ) » : ’ - i . ' ) B
oo S Those who used Pinhole cameras may disagree with‘me because this

here, espec1allywthe changlng snapes of the sun. would appear cxactly
‘the ’ opp051te of what is recorded because A Plnhole Camera 1nverts

‘the 1mage " whlch is antelementaryﬂschool fact and“there is no argument . -

it
-

e »about it..” ' ‘ 'j : . o : - o

What 1s recorded here is based on tbe Observatlon made by. members .

e B . ’ e
P .

of Pl 2C and not theory fron Pl 2C

(W
oo

ERIC
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Lo \The obssz%atlon was done from dlfferent polnts w1th1n a #adlus of

15 mlles although there are ldentlcal events wh:ch conflrm our observa—

~

tions. Some Plnhole Cameras proved useless and-none of the, observors

was in collaboratlon with any Radio Broadcast, and so everything lS

v

purelywariglnal.

o
/
-~

*******f*********f%*****f**********f**********i*******

. -y
4

Tne next two reports were writ en by second wear students

»
-

in Tralnlng Colleges All students had spent two years

prev1ously at secondary scnool where thelr studles included

‘science;' The- class had been qlven a. varlety of. areas for

3

1rvestlgat10n.- The reports indicate the areas‘within:whicn_.’

the students chose to work.

dede ek kok ko kot kot dok ok ok ok A ko ok o ok ok Rk ok ok ook ok ok ek ok ok ok ok ok kb

»
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Chaptér 3: A Draft of a Teachlng Unlt ertten by a

Training
' ?1 ) SRR T Collegp Student oo ;T‘ . ‘ - v o
S, &FF: This}report.was;written'at a workshop where University'Lectur—-
Loes : o . : -

-

»ers, Tralnlng College Lecturers, Inspectors, Teacher T'alnlng College

.
T

Students and school chlldren worked together to try to flud come
; . . . R .
answers to the press1ng problems of science educatlon . At thl

work>=.
shop, part1c1pants were not present in tbelr capac1t1es of T“ACHERS

%

hveryone worked together on an equal footing.

orqSTUDENTS.

o T e T The report was wrltten by a second year Tralnlng College student-

.\_ -

ai ~ . who chose to work w1th‘the APSP/SEPA unLt Pendulums and hlmself 1nves-2

tlgated the behav1our of pendulums. In the'course of the workshop he -

) i” also worked with small groups of chlldren to flnd out more about how -

oL N they thought about pendulums.‘ His findings are'written up in-theaforﬁ

‘of a teachlng unlt to help hlmself ‘and his colleaques woxrk better w1th

- .

chlldren in the classroom.

. A Draft of a Teaching Unit

i : o S by

Rt . ' . o ' ~ s.E. Ray-Palmer
%5 T .- " Bo Tedchers' College[ Sierra Leone

N DA . . .

Introduction:

‘TThe unit,

I

Bendulums, is wrltten partlculurlv for the’ teacher.

1t dors not 1ntend to tell the teacher how to go about teachlng the

children about pendulums. I expect he will. wholeheartedly allow the

'f. ; - pendulum to do this.’

S L

ERIC

Aruitoxt provided by Eic:



This pamphlet aims at helping the teacher to involve his class
of chlldren in the study of the movement of pendulums. Ey doing,

watchlng, and thlnklng through these processes, they will cqme to
dlscover answers to the many problems they w1ll encounter during the
- . . s e

P

- course -of their explorations. i

There are -many, many ways of studyingdpendulums and there are

Y

S L B
- problems of,many kinds;’fProblems of the type of apparatus and-mater—i

ials that w1ll be approprlate, problems of areas of study, 'problems

@

of- gettlng the needed accurate results Wthh at the end will deter—
|

- mine your conclusions. -The- chlldren and thelr teacher will do- the

asklng, and°the pendulum will do the answering. Although this pam—

? . . B
phlet raises some questionsrfor initial.explorations,‘there are many

' other questions that could be asked for further study of pendulums .

‘The teacher should realise that the questions asked by the children
»are far‘morevimportant'in"the‘field of learning. They olearly give
a plcture of the children's 1nterests and the dlrectlon in whlch the

teacher should gulde them.
. f W .
Not all»chlldren_are interested in all the questions that are

‘asked -in this pamphlet. , Some of the activities described may appeal

= to a certain group of children, but not to all the children in the

P ' class; Never force the ¢hildren to follow the pamphlet, Allow the
pendulums to set the patterns for their investigations.
. i ] . ‘ ; Ty

I feel that the unit, Pendulums, 1s intended primarily for chil- ., -

dren in Middle and Upper Primary classes, but some of the activities

could also be used with children in the lower classes of your choice.

d

1 42
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HAVE YOU EVER TRIED TO %g& ouT FoR YOUgSELF THE POINT AT WHICH THAT

x MYS@ERY PENDULUM MOVES F/’%yR? o

‘

EXPLORATION A

ﬁ Mater1als: Strlng abou l§ feet long, an
Lo - empty tin; n/'ls; a hamfey, .2
. piece of chy/} rulex; Plagti-
,clne, water\ Wiasulc or Daper
drinking stt//\ 5
Set-up: " Using the h /m\r and a Najj, Punch
' © -+ a hole throy/  ¢he bottom of the tin, _
© placing it Q/ \Uch as posslple in the .
centre. Mal\/t WO other thQS up at
L - the sides. \ach a strfing to the
o ‘ e o rafter of’ ym/r yoont ‘or Veygpdah .
T . where you Wl/ 0 carry Oy¢ your -
'\xploratlon%/ at the othe, end of
the ‘string, / \ach the tip thrcugh
the' two holQ/ \ the sldes

Push a drlnk% 3 straw thrgugh the
‘centre hole \ that ‘oné end- of !
the straw 1$ ak oUt leve; with the
base -of the cut the  praw

so that the /ther eng Eleké out
‘the bottom ﬂ\ha tin bY oge inch.
Hold it in Y4 %E with plast;Clne

E What else dg Z\b think

- v . . the plasthi/ 19 dOlng
Put 'in watey p g test.

What do you / §Efvé0 Do

you need any justment?

e — ~ Plostic Straw 7

Stage 1
. Fill the tin with water %f you pull'ipye tin to gne side and then

7

ieﬁ it go, it should SWiyy §qenly froy gide to side- Mark the posi-

_tlons of the drops on thg ﬁqoor Make it Swing once in a c1rcular

' path and catch it Just Jf \5 cOmplet&s the cerle (See dlagram on

/

,the next page). ‘ o B : : ' o 3

43
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e

Count  the drops in tens (say) -and measure the dlstances between the

-~

drops u51ng tne strlng and. the ruler. What are your various measure~"

.ments? . Repeat the experlment three or four more tlmes. Compare the

meaSUrements. What conclusion can you make?

N

Stage I,

ThlS tlme let the tln move along a. stralght path dropplng the water

as 1t swings along \Catch it at the completlon of one swlng.‘ U51ng

the plece of chalk, qulckly mark spots of the drops of water, and

”measure in tens (say). Why do you thlnk it 1s ‘good to mark, the spots?

o

You need to do thlS three or four more times, and compare the varlous

measure ents,  What patterns are the measuremints mak1ng° Do they;

_made? D _ , SR

\ .
show any- s1gn nf a relatlonshlp? What o Ier observatlons have you
. ; : .

EXPLORATION B -

EN

' Materials: Drinking straws, sand (dry): a strong paper sheet(vanguard)
' three pieces of wood, one with the measurements of about e

; 10" x 4" x 1/2" and two of about 6" x-3 1/2" x 1"' small

i . 5

S funnels, plast1c1ne.;: N

Make your apparatus as,shown in the diagram on the next page. ‘A tray,

made ‘of the strong paper,’ can be used to hold a row of small funnels
I . R . . : :

over the row of straws. Use the plasticine to fiold the straws firmly

in their places;‘ Put a quantity of sand into the pendulum tin.
H . . .
/ ' ) _
| . » A

«
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Put the pendulum tin to one side. and- let it go..’

-that the hole in the tln serV1ng as an outlet moves dlrectly over the
! - _

.def.

‘cordings.

' Materials:,

al;

YOu must make sure

[
-

openlng of the'funnelsﬂwhich lead the-sand into the drinkihgﬁstfawa.

Let tFe pendulum swing elnumber of times (six to ten times, say), ..
AR L : L _ T . :

dropping sand into the drinking straws through the'.small funnels.

Measuée the sand deposited into the straws using a gradUated cylin-"~
| T . . _ ‘ . A =

You can do this three or four more times. Each time, make re-
1 . > . “

Later compare the various measurements. What patterns do

§

your readings make? How can you explain what you:obeerve?

EXPLORATION ' C

The pendulum used in Exploration A; an extra pendulum bob}
- a strip of strong paper (vanguaxrd) joined 'end to-end to
' make a.continuous strip about two vards long and three
inches wide; four rollers (cottOn reels, large 51ze);
nails; pleces of wood; and a hammer.: »/ R

i . ' - @

.-Construct your apparatus as shown iﬁhthe diagram;;n'the;following’page.

The paper strip on which the water drops will be recorded should move
. < [y . oy .

are N B
¢




\\
/‘
freely between -the. two sets of rollers. Avoid water inside the tin’
: bi/T L . from drlpplng on the paper by holdlng a pléoe of cardboard under—
P \ g . .c‘...
' neath:the‘t;n-
‘ Tin Containidg:Water B
T Pendulum Bob _
STr‘xp oF Pa er . “Attached to
| Passmg BeTwean Ro\\or‘s “String and Paper--
E oL [ , . '
el
TR and | '
Wosden —|
Braces .

| ff_’;'lcl__c.‘t; of Wood- Piece of éordbqgré to 'Fj;‘eVenT 'V\}QTQ’P
v from Fa“i‘n‘g on Strip of Paper o

D Ask your, partner to hold‘the‘penaulum,bobl and watch for you to‘re- :
‘move . the piece of cardboard as a signal for him to release the'pendulz
lum Bob & ‘Quickly mark‘the‘water drop spots made as’ the pendulum bob

pulls ‘the paper strlp underneath the' water dropplng from the t1n . Then

hl

c’measure the dlstances¢made ‘betwee each drop. What patterns have the

‘drops of Water"madeé- what-do four eadlngs tell you about the motlon

e B |

~'of the. pendulum’ Repeat this three‘pf four more tlmes. Compare the

'dlfferent measurements Make a’ graph of your measurements. What can
A youvsayuabout_the graphs? Why havemyo used double rollers instead
" .. of single rollers? Why should® you use

i . . L . oo

e rollers? -
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EXPLORATION D =~ - v e

“Materials: Several containers of“the same size (try Blue Brand mar-

s garine’ tins) ; sand; water; pendulum (used in Exploratlon
a); two. long pieces- of wood.. about 2" %X 4" x 10"- a .
syrlnge. ' g o

i f
oo

G;Arrange your tlnS in a llne follow1ng the path of the pen-
dulum.when it is in: motlon. See apparatus below. (Though

that the string should be long enough so that the pendulum
tin could be centered over the apparatus )

- Attached To String

Emc |

- T'ms R ,. Servmg as Bmcsz

p'Let>your”pehdulum swihg-over¢the tin fbrvabout.teu'minutes. Use' the

. measurements each' time.

Pieces oF Wo od

]

Y

: VAN . . . o .
.measuremerits? Repeat -this three or four more times and record the

<

syringe to measure water deposited in each of the‘tine.'gWhat are your.

N

' How do your measurements compare with one another? Make a graph of
- RN . ; 3 . . o ‘ ‘

) ,;your-meaeuremehts_and_see.what pattern they make. wa'use sand 'in-

etead of water. ‘Measure and cémpare. ‘Is there any difference. If
"sq}_what is the cause? -Can you think of any way to eliminate this -

difference? . v T ' —_— LT

the diagram does not show the ‘length of. the- strlng, ‘you know“’“
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EXPLORATION .E
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Materials; The same tins and pendulum used in Exploratlpn D: "a plecel
. of plywood about ‘two yards long by 4" wide (plywood is,

S //“ + recommended because it is flexible); a piece of. wood two’
o -yards long, 5" wide and 2" thick; nails; hammer, bolt;

. thin preces,of metal (used 1n blndlng,cases), w1re.

‘Construct’ your apparatus as shown below (Note that pen- o
dulum tin string is not shown at’ 1ts fullv length )¢ .
pulllngﬂdown at’the center of the plywoe? *“he line of
collecting tins can be drawn.into a curve.

-= Bolt 4?0#"‘ .

! \ s ﬁ;<;ﬂiv b “‘ , o
. N e o AdJuSTmenT .
I's Iy \
0 = .:_ - =
- It'shouldfswing evenly T

E]{[CN

Aruitoxt provided by Eic:

,ﬂPull the tln to one s*de and then let it go.i

. side to side over the,tlns,

What.p‘ttern arevthey haking? What is your

Opplng water in each tin as it sw1ngs.

“‘or seven more' times. - Measuré the watexr

i

Ca v
&

o oo . . o o AU A
observation? How do the results compare with.those - from ExPlorat;on‘

‘D2 What explanatlon can you offer for any dlfferences YOU obServe°

Allow‘it to swing fournefive
collected in e&ch-tin.
] iy

' , A

\48
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: ]fChapter 4y Stretching7of.a RubberlBand

T ' - - " and Joseph I. Ibrahim

to carry out are as fOllOWS.

oo

A3 . .
The investigation described below was carried out by

- Mr. J Njeru and Mr. I. Ibrahim, two second year ~tudents
- at a Teachers COllege in Kenya. The’ topic was chosen from

several pOSSlble tOplCS offerec for investigation by their .

tutcz. 'ilwh

The study was not*finlshed but rather left these - _f.J:

stu:ents with several questions to investigate after they
leamw the Pollege.l Might this experience not furnish
the:e students with start1ng pOints for investagations
ther can do with thelr pupils wnen they become 1eachers"J!f
It is suggested that the reader eramine this work '
car:iully. How could the work of Lhese students be im-L
proved’ Have they obtained the maXimum informat on from'

the_r data’ ~Are thelr concluSions logical(and complete’

. The reader may. want to repeat some of the experiments

N ,described below - in order to answer :these questions to his

‘or hér owh¢ satisfactlon. : . ,-'?

?\

THE STRETCHING OF A RUBBER BAND

by Joseck J. NjerJ

-

Problems:  We .all know rubber bands and how we use them in our daily,-

- 1ife; But have you, .ever ‘sat down ‘to think deeply about them’ There'

are' so many interesting problems dealing with rubber bands We have

v
«

dealtvwith only a few of them. Some.of-the investigations We wished

“

'™
. N v

1. . What is’ the effect of a load when it is hung on a rubber bandW

Suppose more weight is added _what will happen to the rubber

o

T



e Qp’rubber?bands of different sizes.hold the same weight? ‘ ’i.\\\‘,

3. After the rubber Band‘stxetchés due to the weight of the load, _ \\g
, o R o | . S -
_will it resume its original length after the load is removed? Lo
R i \‘\.“ . X B . . w . .

4, What other factors might affect the rubber band while holding

- a constant weight? ‘ Lo
fj‘ - s, 1f é:rﬁbbérjband breaks when it is loaded with‘hsfcups:6¥i‘ ;
;f  O ’ _';ate;, wﬁét:Wiil géﬁgen if i#;isaloaded'ﬁith 4255st-ana'ieft
;!'1 f for a day? . L o | - e
s B e
e A nmmber.of exéeriments thch'wereicaified‘out'tp investigate thesé¢
prcblems.ére described below. , : e
wire toféuspénd.v . ’
. - the rgbber band ..\ —

[ZN

—

B,
i

"direction of stretch

scale to measure the stretcH

& \f’ { .
] . . o \ . . } - . B / @@( - » . LR
! : o S - . . bucket : - S o
‘ o ~ , . cups of water o
P o -l : C to put into the
N . bucket. LT -
o )
' v . .
. N
v 3. ; *
¢ 4 B ) . . ' ) BN R i < . .
.. ' Figure 1. - Apparatus used to .measure the stretching of a.rubber.band_

ERIC
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\ Apparatus: rubbe:abands, ruler, w1re,,daper cups, ‘bucket, strong

T &nalls, water and graph papz:

. 2 These materi jals were used for all ~he 1n¢ect1gatlons. _lhé«v
méthods used‘for eachfexperlment werez&tife?ent because the;problems
%hhhe.m// - ihvestigated wereﬁzot the‘same..klhereft:e, we;shallhtaheheachk |
o | _problem_ at a tlme | -
Problem 1. .What‘is'the‘effect*of a‘lcad;onda'rubber band ifAit'is‘
: N . - . — =
. & . | 4.increased continuously?-

-+ e

‘Method: Three dlfferent Tubber bands were used. An~empty'bucket>Was

hung at the end of the rubber band by tying’ it‘_éeith a wire.

The .xubber band hangs from a w1re looped over a board or could hang

P

from a nail on the branch of a tree.
We measured the length of the rubber band when the bucket was,

empty We then contlnued to pour cups of water ;ntO‘thelbucket.v Each .

5

time a cup was added'we'measured and %ecorded the length of the rubber

f?r:f~1~ 1}1_; andfh This wéls continued until the rubberﬁbandsfbroke. Then lastly

1 g
d )

we \drew the graphs of. the results from three rubber bands ‘and compared N

thelr\\urves. ~\ -
Results\\ The-tables -and graphshare;shOWn on’ the follow1ng pages
?71} ﬁ'" ﬁ'. ”A From these tables one can sEe that)each rubber band
: required a\dlfferent-load to break it.; ;s one.lncreases;the weightf}
;T? H-' 'm . the‘rubber band‘ stretch"further}until,thefhbreak'carrYlng‘the maxi:
, ',;mum 16§a;~' : | “
o e ’ o Fx
i / - 115“
iﬁ. Lll

ERIC
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Rubber . Unstretched ° ) : N
bend 7 . length Width Thickness
, . (em) : ~ (cm) . . fcm)
No. 1° - 4.0 0.7 - 0.1
el Ne. 2 T g 12 - 0.1 N
- NO. 3 - >" ‘ ‘/9“..“0' — .‘(: . —N“_.-O :_3 - __""_‘_’_:A,.V.-—"T""" O" l ." -
B . 2 »' . . \ . ’
Table 1.  Dimensions of three rubber bands tested* -
Problem 2. What is the relationship between the breaking load -and
the cross~section cf the rubber band? oy
We tried to answer the abote prbblem)in the-following way . Fite .
; 'dlfferent rubbex’ bands had cross- sectlons and breaklng loads as’ shown
. R in’ Table 3. Looklng at the data collected we draw,the conclu51on
2 [ .
;that the smaller the cross-— sectlon, the smaller theibreaklng load
i
. Rubber R : . | Breaklng_load
>§_'[ ' _band Thitkness x Width = Cross section !(cups of watér)
. (cm) (emy - . “(om2) ; I
Y " . ) N : . .
N No, 1 0.1 X 0.7 L ngo.o7: ! S 44
: \ . : . ’ : . : (";' o ’ [’ . . .
L, No.2 0.1 x 1.2 0120 - i
s . U No.3 01 x 0.3 . ,.(b.03>“‘f”7%‘; 28
. No,r4 0.1 cox0.67 7. 0.06 . 34
No. 5 . - 0.1. ‘%X <. 0.2 0.02- I 22
. B , t : - j . '.
. . Table 3' Cross sectlons and breaklng loads for flve f -
dlfferent rubber oands L ﬁ& :

1

*Please note that Table 2 on. page 45, and Flgure 2 on page 46
are part of Problem l. These: should be referred to before golng-

on to Problem 2. : . , i

)

-~



. Rubber band No:ll!' ‘"7 Rubber band N6.2. . ‘Rubber band.No.3.

- Load . ‘Length *e% .Load - f”ﬁéngth . % 'Lopd- ~ Length'
(No. .of cups) _(em.) _ - (No. of "cups) (cm.) “AgNo of’ cups) {cm.)

5.8

10 9.1
R R
©12.4

0
1L
2
3
T4 14.
S5 . 15,
" .
7
8
9

21.4
29.8
34.8
37.4 A
40,0 v
S 42,6 .-
. 44,3
46,3, .
.20 45 . 47.5
21.3 . . . -d9.17
'23.2 . 10 @ 50,7,
24.3 L. 51,7
25.4 Co12. 57,5
13 19.9 26.5 13 . 58,5
14. 20.3 _ . 27.4 .14, 59.0
) 15 £ 20.7 o A15 28.2 ©15 0 59:6"
P 16 21.0 . 1e ~29.0 : 16 - .60.4-
17 © 21.4 . 17: . - 29.7 - 17 . 610 "
~ le .27 - 180 31.0 18 T ell4
‘ 9. - 2l.s . 19 . 315 . .19 T ea. owﬂ
20 . 22.3 .20 32,0 20 - oB2.4
21 . - 2275 217 32)4 0 a1 LT 6207
ezt 22.7° " 22 33.0 . " - S22 - 1632
* 23 22.8 . 23. 1. 33.5 : .23, .. 63.8-
o : 2¢ - - 23.1 24 -0, 34.0 . - Co24n 69.7
e 25, 23.2. 0 L a8 34.5 - 7 .25 '70.5
’ © 26 .-23.40 -0 26 - 735.0 : 26 L7046
SRR 27 . Tedls ' 27 - 35.7 . 27 7100
o , 28 23.7 , 28 . 136.2 : o
sl T T29n o 23 T 29 T3es oo briakngh
T : 30 S -240 - L 30 -, 37.0 L. ¢ oac
3 - 2402 . -3k 37,5 . - "
, 320 . 24.3 .32 - | 37.8 - »
- 33 24u5 0 .33 7 38,2
: 35 24.8 35 39.0 _ -
N 25.0 . . 36 .39.4 ‘
. Y C 25,2 ‘ 37 39.7 -
- 1- T X - R 38 - 40.0
o 39 . 25.4 .- 39 ©40.2
R 1o B 25.5 ~ - 40 . 40.4
R 4y 25.7 . 41. . 40.7 :
.42 ' 25.8 7 42 . 4l.0 B AR
43 L 26,0 0 43 41.2 > o 5

. breéking,- ' {gﬁy . - 4L

load.

. Y

8.7
9.6
10:8
12.5=
14.0

157
17.5

19.0

16.
17.

P I

o 17,

s 17.

‘100 . - 18,
.11 T 19.0
12 L 19.s

OOV D WN O
COURAU S W O,

OWwrHNwo

.
g e
BWN O

' breéking
" load

© Table 2. Lnngths of rubber bands (cm.) versus the lpad carried
. (cups of water ﬂn the bucket) o e e X

- 1

- Py —
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» atus was the same as for the prev1ous;exper1ment a rubber band with a.
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Lo

-

. Problem 3. Does: the rubber band resume lts original size When'the

'

i

- load-is removed?

An experlment was done to answer the above questlon The appar—

w1dth of 0.3 cm. P1d length of 9.0 cm. was used

\

Flrst the length of the rubber band was measured when l% cups of

‘water were added to’ the bucket Then;the-load was,removed and tbe

, AR

of water.' The . results are shown in Table 4, 'The'data show thatﬁthe.

rubber band ‘does not resume its original length after holdiﬁg a‘heavy

load. L
:Load L Lengtl with load Length with loadi
‘(cups of water) {cm.) : © removed. ‘cm.)
s R 59.6 o " " 1000
20 - e2.4 _ 1.0
25 - 70.6 - . 11.s ’

'

Table 4. Length of rubber band before and after appllcatlon
of dlfferent loads.'

=
o,

Problen¥4; fOther factors Wthh aftect the rubber band carrylng a .
\ . :

A o E
\ . = ~onstant load

aMethod. The rubber band was’ glven a load of 5 cups of water 1n the

N

 bucket and lELt hanglng throughout the day The length was .

measured at three dlfferent tlmes.

(W) ]
(Wh

RV

_ . 4
glength measured again.  _This was repeated for loads of 20 and 25 cups i

1
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. ‘
,l —
) '_Results:t
'Time“of measurement  Load (cups of water) Length (cm.)
Ist day, 1:30 P.M. ' s __ 42.9
lst day, 6:15 P.M. 5 ‘ 53.3
2nd day, 7;30'A.M,g'_: s 56.7
] | y S : . )
¢ . Table 5. Stretch of rubber band at different times wrth

constant load - o .

Conclusion: Although we thoﬁéht the amount of water was constant,‘

the rubber band stretched in' a way we never expected.

‘We expected it to remain constant since the amount of water was also

S o ‘constant. Perhaps the énvironment of our‘place affected-"the stretch-
S o : -
U L ‘ S
b ¢ Jng of the rubber. Possible reasons for the change in length were:
e o ' ' :
' 1. chenge in temperature

2. change .in moisture

3.+ strain of the rubber molécules

2

. Problem 5. What would happen if a load near breaking load is

~ . ’

left hanging for a long time? oo o . . <

y \

Method: We found a rubber band which broke when 43.cups of water

“were added o’ the bucket We put a load of 42‘cups.and left_
» the rubber band hanglng overnlght N i ' -
“Results: When J; returned in the mornlng we found that the r\\ber '

- ER ' - N

SN G ] N
I . band/had broken. We- belleve that the p0551ble reasonsfor\\\
v .

"thls are the Same as those mentloned 1n the previous problem

+ This ré not the end of the investigatiens.‘?There are so many

,f\,_;' -'»;} : .ﬂ -_.‘/ - . " » .

N . /
A ruiText rovided by Eric L . . . . i
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. J.
other problems on the stretching of rubber bands that one can inves- Er
tigate. So get along and.do'whatever intefésts you further on this
3 .
,topig, "Stretching of Rubber Bands." - _ ] .
il - ’ ‘ : : ‘ .
f ) » o
i )
) ¢
\
-/
v .
\ . -
b
~
\ L
. .
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- solving problems.

R

T

SECTION II: - ' .

" Summagz'

This section has illustrated the approach to science investi-
_ r - , ' ) o
gations described in Section I. It has shown examples of how teachers

~

in primary schools or students in teachers' colleges can.develeop an - -

\ - . R

understanding of and familiarity with the scientific approach -to :

. . /
It is clear from the .examples chosen that even a person who has

had little or no formal acquaintance with scientific procedures can

g

soon learn to adopt them effectively. The motivation to adopt these

7

‘prdcedures is all impbrtant. Such‘ﬁétivation'can be developed, or

providéd!.by means of thé approécb now bging 96nsid§réd; \
. Such studies in scienéé ;aﬁ berchallenginé to adults a;zweif as

tOJchildren.‘ Quite ofteé.a tppic'of intérest”can,stiﬁﬁléﬁe:iﬁvestif -

gétions froﬁ ﬁhe ié@er_glésses é%?the ériﬁary school tﬁ‘the upper

reaches of .the University;~ In—each.case, the .learner will be doing

)

‘'science, not just learning abcout science: This is a difference that Vv

should always be ‘uppermost’ in the minds of science educators..

i .
| '

58
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. SECTION III
- JE A : . 4. .SCIENCE ACTIVITIES
~ I . 7" ° . .
. ik '. _ ) o . _ AND S . \

L s | o - .. RELATED READINGS - ;
‘)PC&?’L?‘F\H\ 18 J(\«e hi \neS‘\: \'\\o.r\ OJ/Q o L . ‘ PO
Nol IS Water 15 \'\\ \—\e-r- Jr\«c‘m c,oochi oil : . e : . . A
/\)0‘3 1S - COOk”\j Oll is H‘ghe.r '“na.ﬁ SP(r‘d— . . : . . .

v_' ﬁhd *L\e—- \6\5\' one_ ;S SP)PL.-"F L & . )

» 7 LIQUIDS * . . S )

. o § :
STRENGTH OF MATERIALS -
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~in which there is maximum freedom to explore a variety of ways of in-

4

'_SEéTIONIIII L :

ERU—
P S—
s

. "~ SCIENCE ACTIVITIES AND RELATEQ%%EADINGS

Introduction -

.

In this section a variety Of activities are suggested which are

-
T

meant to ‘expose the ‘rzader to various aspects of-the process of carry-’
R -l _ . .
ing out - a scientlch investigation. ‘The reader is encouraged to- carry

~ . . ‘o “

A

-_out ‘as’ many of the act1v1t1es as posslble not only to read about them,

but actlvely to rexplore new_materlals, des;gn:experiments, make the -

e

'necessary measurements, and analyse the results by plottlng graphs,,

¢

establlshlng relatlonshlbs, and maklng predlctlons ‘that can be verlfled

' \ - . .
by further experlmentatlon co T o L

2 ' . [

o~ Ghapter l’describes an,approach»to the e&blcration.of a situat;on

v

vestigating-a;topic; in'this'instance, Liguids. -

. Chapter -2 focusses the readers' atténtion on an area of ‘study

. which 1eads‘naturally to many practical applications. It also .can

« a7 e . . i

provide the reader with a better'understanding'of.sbmekof the proper-

ties of common materials.

N ) ) X g

Chapter 3 shows how. science investigations can be based on the.

«

. <

study of’a.particular scientific‘concept,-in this case the=idea*of-
changes and “how they are brought about through the exchange of energy
Chapter 4 treats another Sclentlflc concept, that of motlon, and

shows - examples_of what canﬁhappen‘when the same concept is ‘studied by'
. - e .'_‘ X e . . ce . o

persons of different ages and experiences. -
. 4 “ ° \ - . AR

_ . N . . . . - - . H

B S



&

Finally, Chapter SJié‘add;essed to Xh

e Qevelopment and.-use of
an ;mportant'sc;entific tool, thatgpf.idenFifying relationships
between various kinds of natural phenomena

.\ The reader is encouraged
N to use technigues such as the graphr-.cal prééentépion of data, to make
.o . - . i N
predictions and build theories which canr be &erified through further
.- . - o . . " ~\ X v .
Studies. | ) o

| \

. . .
. )\ :
. s e 3
) B ’ [ty . ..

8 .
pye-ran

ERIC
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Chapter 1: Liguids. -

Bricklaying is a humen.activity.: Brlcklayexs lay brlcks, they

don't erte about laylng brlcku, or read about laylng bricks or lis-

ten to people talk .about laylng brleS. Slmllarly.sc1ence 1s a

.

l‘lg ' ‘Introduction ¢ . . » B . .

' -0 " human aétivity, it is SOmething people do. . In this first chapter
b T " : of ‘Section ITT you w1ll be learnlng some. of the more 1mportant ;
-l \ ¥ S .
! ' skllls used- by sc1entlsts. identifying prchlems, asklng questlons,
. a?d recerding, analys%ng and‘communitating resulte. No dne wil}
I ‘”f'iéil you:abodt these'skills.: You must acquite these-skills threugh
.workiné;.' . - ' “vl "e‘{ o ' ' L
Et_i_ B ‘AS YOU BEGIN -TO wo§x~on'Tﬁts chPTER,'READ ONLY Aé fARﬂAs You
I a FEEL NECESSARY IN ORDER TO GET sTéRTED ON YOUR OWN INVESTIGATIONS.
E ‘l ’ Pértil. ‘iaentifying A Problem - ; ) ’
A, Examlne the materlals avallable on your workbench. _These}-“
' o _ could %ncluAe the fullow1n;.
i a 1. A’v;riety Sf‘séureeswef coloutS'(er pi;hehtel:
{ . - ) - . : T
’& - : _Ieaﬁes_andfflOWefe of'different colouxei i
i ‘inks of.differeht eolours . B
‘ foed;dyes of differentfcoieurSf, 
lf: A .: _f;;; tipped pens of different céi@urs o
iiti‘;lh . _ - .bip éehelof diffe:ent'tolqﬂie.. 3;
l;_jﬂ SRR - 63 -
Il; g I

3 . N . . W - .
Aruirrox: providsa vy enic [ SN RPN . o . . L 2o b
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1.

2. A variety of liquids:

3.

4. Apparatus to help«with:the investigation-of_iiquidsi

water
Toil

kerosene

methylated spirits

\
"oy

-y

s?lt;_sugar,,starch, napthalene, éoap, detergents.

.-bottles, jars, tins and other containers of different

-~

dry cleaning fluid

lime and other -fruit juicés

vinegar, etc. .

- shapes and sizes. B source of heat. ’

5. .Ypu could inclﬁée other materials that you think would be -~

'4

¢

(N.B. Not all these materials are nécessary.'-Try to

~collect a sufficient variety.)

useful for examining liquids.

a problem to investigate:
- , '

. Write down as many questions as you can about the materjals .

 you have céllected.

“

i

%

7

o

«

S

1

‘3 variety'df}sﬁbstances that may or may not dissolve: *

Ona of the most important stepé in scienc?d’ is identifying alﬁg

fruitful §rbb1em on Which to.wgrkl To help ycu to identify

.

r



. : N
l U e
i 2. Compare your list of questions witp those of'your:colleagues.
- 3. - Writekdown‘furtﬁér questions thataghy have emerged after’\
! discusgion of the que;tions with yoﬁ;\golléagﬁes.
I (N.B. During tﬁis process pay no éééentioﬁ to whether
:you think ‘the qﬁéStiqns are good ;r bad. “Simply- write
i down aé.maﬁy questioné as. you can thigk ofﬁ{
I. 4. classigy ypur‘qugstions iﬁ a way that_you Fhiﬁ¥ might be
- QSéEUl' _CFODSé those questions.that you thinkﬁ?an be én- e
!¥ o - o ~ swered us£n§ the matéfiais éﬁaiiable to yous \\" _ : ﬂ.
i i ‘ 8 Part II. Doiﬁg An Inveétig@tiog ‘ o . - ;\
!7'  \; o . .Cérfy out an_inVestigétion which wii} answer bne_of'yqur \\ .
. o , . S : O _
Questions, l' . o N ‘ _f “ o __\ ; . H;f'
I Awnile cafrying;oﬁtuth;slinVestigation,-recbrd yéur data in‘séi? . .
N a way thatiyOU'can'preparg a.rgport.which’will.shbw oﬁners qlearly i; ‘
y what gou have QOné. - R _:' : ; . S _; B \3
_____ o _ . \
- ‘Also qété the steps,you take during the course of the invésti- .>\
. ' . ' ' , ’ A
lg?tion.' Other people who rééd your%;gport should be abﬂe to carry out \
a ; your‘ihvestigégiéﬁ‘and a??ive atﬁfhé_same resuit.
R . 'A . _ . _ Né%e'hew qués;iqné and pféﬁiéms.thét come up ég you ate'workiﬁﬁ.
'The#é ﬁéw q;eshions_théﬁégrisé from‘you% Qorkfmay.formjthe’basis for
your qextrserieé'of inQeétigét;ons!
5 ' i ) o
* / : - bb T -
!A it A,v_\,w__\_vv . ( ! .
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. ’{\ A
~ % - : . ’ ‘ . v s N -
If you thave not yet been able to begin an investigation on your
T own, doing the following exercisa may get you started. u
. Part III. Examples cof How Other Students Solved Their Problems
‘'The folllowing five records were presented by student$s who have. &
o  investigated problems posed after an examination of materials similax
\ . ¢ - | . ) S / \
\ . i - oo L . S
\ ' , to those with{which you have been working. Study the recéias_carefullg. R
| SR ' S e
\ S ‘A, Note whether the investigator:
A\ 1. Made any errors in the techniques used during his or her
\ - R . . ' . . ) S . ) .
R . " o investigation. . o
\\. ‘ ] : ’ -
A\. 2. DreJ incorrect conclusions. _Are the conclusions based on
\ : . o . ] )
’ _experimental evyidence? ‘ : ‘ B
. ) - ," - . . . .\. .
3. Noted fiurther questions or problems raised by his or her
- investigation. . o o o
o . 4.¥_Descwibed his or her. éxperiment in sufficient detail for
ptherg to repeat -it. N
\ . . oy A ' )
B. :Choose‘on? of thé experiments described in the reportﬁland -
: . repeat it\tg,find out. if you obtain comparable results.:
oo e T T S
! C.- - "Analyse aﬁd~check your .own report and . .those of your colleagues
e in a similLr way..
\ :
. . l[ - b(} s 0"
. . t o .
/'/ \ | .
.," B ,‘ ] -- .
it . ! ) 2 . :
[ B ~
¥ .
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R . Student Record L DISSOLYING AND MIXING

Frolic Methyl'r
503p - splrit

1. Starch . l,lSta;g'ch"'

a

2.8lt. 2, Water

Turpentine

o mk

Water

1. Plasticene

3. Sugar -3 Ik
R P17
5, 01l
J'6¢ Irlk
i ‘
s i
Do ;
3 - |
e
‘ " )
]
t .
1
zi
¢ N
. o :
. . ) fo .;Ul o
SN o o
0 N D i
Y o 0 g N ~t
g £y ¢ 3
3 A H B4 0
vlv LY
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Substances dissolved
* f

:1. Frolic 1, Starch L
e 2 Sugar

3.f;ugar | .“5. |

4, Water - 4,

;<5. Meths | 5.

Starch

Sdgar
Ink

Meths

0y /
2 . [}
J
i . I
| \\gt
0 . )
o .
N N R
0 B oA '
N ] f v "o
W 3 E'. 0§
4
Substances mixed
T 5
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¥
Y
b
0\
Q
|
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1

~ STAIN REMOVING

- This chart shbws the best'removers-bnly; the blanks cannot remove.

»
El

o

"

¢

{

Lux“

Frolic

' Soap

Kerosene

Dryclean

- Meths

. Turps

Wik i

]

Lemon

Eleach

\ -
Grass g ; emoves Rgmoves
: : a bit easily | -
/a
N :
| Ik 0 \ Removes
easily
o | | | .
.. '-' R " B
Frujt 4 | lemoves emoves est
N . abit |abit. R pOvEY
. i -
R _ - - . : —— : '
i T . Removes
* |Rust - s
T ‘ a bit
S N - B
Maqi est "
Magic Pen ; R ] ‘
N : | Removes | Removes
Remover o -

-—
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Student Record III:  EXTRACTION OF PIGMENTS FROM PLANTS

«

Pr,blem;b

Do only green .leaves make their'own‘food/by photosynthesising'

the material from the ground? Do purple colsured leaves have green

in® them? . ' L o - i

A. 'Different colours I leaves were rubbed on paperf "Drops of dlf-

‘ferent llqurds -were »nlaced on the marks left. As the quuids

\

spread, colours were.notiped. Tomato Julce, lemon juice, oil
' and detergent were the liquids used. No result was observed
with 0il. Detergent destroyed all colours. Greenish circles
were observed using tomato and.lemon.juice. . - A
Question: Maybe this greenish oolour-is.from tomato and _

- o lemon and not from the ledves7

[ R—

Answer:- Trying'theejuices alone, no green was shown.
'B, Purple leaves were rubbed on strips of bloftlng paper and left

_to-stand overnlght in dlfferent lquldS quUldS used were .

water,'tu:pentine,_methylated spirits and drY‘ﬁleaning fluid. .

The 1astuthree liquids gave a’quick~resu1t but water spread out
the colours more., All expeerents showed green separatlng out

-Many dlfferent leaves were trled Wwith' the same result.

. Therefore purple coloured_leaves have green. Q.E.D.

'C. . Do flowers contain hidden colours. ' : .

Py
s

[RIC
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Student

i

Procedure:

v

- gtep 1.

)

A

Step 2.

Step 3.
Step 4.

Conclusion:

Test the strips of paper withﬂso'ap,'Vin'}egar,'r(:a(O’H)2 or

Take Hibuscus flowers and crush them in such a wvay

- 6

2 -

Record IV: HOW TO MAKE AN INDICATOR

that there won't be eny whole leaves left.

i

Add a few drops of waﬁerlto crushed petals. Put a.

. S
little water into .a tih, in

- and heaﬁ gently:

or cotton wool filter the substance.

' Get some blotting paper Stripsiand dip them into

' the filtered liquid and dry them. -

~" .

water, lemon, lichen, observe what happens.

Tests with Indicator

A

a

Remove the tin and by #sing a clean piece of cloth

Lemon

Lime Water

Tomato

Soda

Vinegar

Soap

Orange

Blue -

Orange

Blue

~ .Orange

‘Blue

-
B N ’

sert your petal containér
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Student Record V: CHROMATOGRABHY' ‘
Colour placed .on . Solvent paper
_'blotting papex strip .. is séanding in Result
' . R . ‘ ///_‘,-..,-Wm B ." ) .‘
1. Black Ink M/Spirit. Purple colour f
"'2.  Green Ink " Dark brown -
, . ~ ; .
3. Brown Ink . ] Purple and light red
4. Black ink ce1, ‘No change
@ ‘ ¢ "., ". .
5. Green Ink " Light blue .
2 ' é . :
6. Brown Ink “ Light red
7. Blue Ink‘.' Turgentiné No change
8. Apple. green) ’ M/Spirit~ Yellow, green, purple
| _ food . L
9. .Yellow ") " No ‘change
- S dyes . T P
-10. Apple green) - Water Light blue with yellow
. . o rim o : : N
11. Red Ink " All the red carried .
- s ‘ “to the rim '
'12. Red biro M/Spirit Red ring and a bit of ,
i : . yellow .. ] . ‘ : et
13. Blue biro B ‘Purple from methd
'14. Blue felt pen Water Faint blue
“15. Red Ink " Faint red
16. Red birc " No. change
17. Green;;black,\ked M/Spirit, water very iittle,seen _ . ‘ .If
N . . . . . 4 .
18. Brown, yellow, " " - very little seen o ’?
blue : o '
- ol
{3
; @ &
' ¢
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Part IV. Problems Raised by Other Students - ‘ = '
| . » ' . _‘> '{. . . - \ § ‘ . - L. .. N B ) :
Below i a list of some of the Questions other students have R

‘raised. These questions are intendéd_to be useful if you have not

Bty

o R . LI o . L ) ' ’ - . em, T
- . found your own project to work on. If-you are working on your -own .
inVestigation,‘think about thése gugstionsf”wﬁérhaps.léter when you . ‘. : ‘ »\
L L. . - . o : ,. ° ) . N '. L
‘have completed‘your own .work you could return again to this list.

. If you have not found your own problémﬁto investigate, choose a
question and perform investigations .that could lead ﬁq an answer.

Agaiﬁ make a note of the steps you take in answefing the question.. .

[

1. Do purple leaves have green? . P .”, ‘ _ R o N :;‘;7f

‘2. What substances dissolve in water and what substances do not?

3. what different coloured painté can be made ffom.plant materiéls?

4. Can we make our own dyes?

5.0 DO:SUbﬁFéﬁgsﬁwélséglyé_difﬁerently‘inbdifferént'1iquids?w~f“”‘

e 6. .can I make my own~indica£or papex?
. 7. How can stains be removed? ) » .
S s ’ . ’ o P : B . - .
b 8. What happens when different liquids are mixed together? o
< Part V.. More Student Records
S N B R _ _
As in.Rart'III,‘éarefully study. these reports (and those of -your - - fl
colieagues) and note any comments, criticisms and questions that you
ﬁavé_of their techniques or conclusion.
s .
s ’ :

[.: e \ L3

—
—

we. o
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, _— T - Student Record 6 T
- Problem® ‘
\’ Blue always comes to the top of a strip of blotting paper ..
. S . © . . : . . b
E .gstanding‘ip water.  Why? = ' o L

My thcorles to exolaln thls are-

1. Blue is the least heavy 11qu1d
2. There 1s more blue 1n the mixture of colour.
. . R a ] B l . .
3. Blue'dissolves easier. = Y ol
( . R . : PN . .

v

The "experiments I did showed that my last theory is correct.

Student Record 7 HIBISCUS INDICATORY

The experiment described oelowris-the'result of worklng with
flowers and some common substances. While working(with flowers and

common substances, it was discovered that certain substances. such as
vinegar,

lemonnjuice,

lime juice, etc., tuﬁnedvthe violet colour of

h1b1scus .on paper to a plnk colour, whlle others such as wood ash,
\

banana ash, oaper ash, blcarbOnate, etc., turned the vlolet colour
Y .
;to a greenish one.

oot

‘The prtblem Whth Ted to the ° experlment below was
” how can you\determlne Lhe relat1v

strength of the two _groups, tho
: ' thit turn hibiscus colour’ plnk ang/
T T \ o 5, . ;

thOoe that turn it greenlsh.
\ . - - Lo ¢
.ok

Investlgatlon carrwed out by a part1c1pant at a 6-month SEP2
course held in Ghana, Agril to October, 1972.

‘~.\ - .

. - ’ B TN
O - - ' '

ERIC ~ -
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The method used'was to-measure (by countinq the numbexr drOps)

-

the amount- of ‘a member of each group that was needed to completely
fle canCel the effect of a member ;n the opp051te group whlch was used-
- as the standardﬂ One_can-tell'thejpoint'at which this,happens only

by uslng somethlng that can change co]our and so hlblSCUS solutlon'

3

was’ used as the 1ndicato:. With a careful readlng ot the procedures
“and-result57 yO' will get a better understandlng of fhis’ paragraph.
To estimate’ the relatlve strength of the members in the bicar-

_ bonate group (thoSe which turn the violet colour to aigreenish oneley -

(”““'viﬁég;r was used. as the standard. Two drops of vinegar, two drops’ of
the indicator'(hibiscus solution) were added to .produce a pink solu-

J ’ i h o . . B e ‘ . .. w
“tion. .Bicanbonate:solution‘Mas added“arop by droo to the mixture -

i

det “xcountlng the drops and notlng the colour cf the mlxture after each

'mdrop.' It was found. thaf after the second drop -the.pink colour.vanf |

LT - ished which showed’ thatathe vinegar effect had been cancelled. The .

-

addition pof the third drop made the whole mixture greenish which

b B ' - ,shoued that the effect of the bicarbonate7wé5'str0nger in the solutien.
_i Using the above prOCQdureX zeVeral'members,ihgthe bicarbonate |,

group were tried. Wood ashzwas“tried and it was. found that five'drops

" " ' ’ o - . ) . v ! , N s .
- of the solution were needed. to cancel out the effect of two drops of

vinegar. “herefore, the'bicarbonate must be stronger than the wood
. ) ,

ash. Bananavash wa:'also trled and 1t was found that 25 drops were
. as, X

e : S o

"'y rueced ‘to cancel the efféct of two drOpS of vinegar. Therefore, the

‘wood ash is.stronger than the kanana ash.

Aruitoxt provided by Eic:




j;To‘determiﬁe theirélative strehgth of the membérs in the Viﬁégar
ﬁ groép,(we ﬁééd fhe_same procedure using any oné member.iﬁ‘the Qpposite-“
grbup'(biéarbonéyeugréup) aslthe_standérd. : :
Ti;l' | B N.E.i l;. The{yariOus ashlsolufigné‘must be.filte¥ed:so that youA
ﬁcan“bé#?gr«determine the colour changég. | E
- 211;££;isﬁandérd mﬁstﬁhaVe.a dgfinité.yolﬁme’éﬁd,¢oh§entration:
- . | )
Student Record 8¢ TO TEST THE /SENSITIVITY OF AN INDICATOR
: T R - e DT -
';'(fnvéstigét?onbcéiriéd out by a teacher atﬁendihg.an in4serVicg céufge"’
;us' in ﬁéirébiwvDecemberﬁl973).i
; ‘P?océaure:; _ 1. Put one drop bf'vinégar in a,£est tube.
o R _' 2.. Add and count dnops:Qf watér t9 the_vinégar,
,°‘.,' o - : shaké and test.with tﬁe'indicétorfﬁndeﬁ iﬁ&esti—
’ ’ “gation. . :-' o _ . o -
L 3. Cbntinﬁé add;hg wgtefvuﬁtil'né colour chaﬁqe'is’:
‘'seen. - _ A SR o _ s " o _‘.,:
T Result:.' ﬁibiscus‘indicgtor_papgr is.sensitivgnto one éfdp of
vinegar'in befweeﬁ 150 and 2QO arﬁps gf“wéter..”
. Questioﬁ:'. 1. Is<hibis¢us the most sénsiﬁive'papei?
2. How can Hibiscqs'bebuséd to compare the strength.
. N . E bf;differénﬁ‘agiésnand baéés? |
.
Q ' S o

ERIC
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Part ¥I. New Questions ' R -

a. If your own lnvestlgatlon has led to more problems contlnue to"

1nves¢1gate those problems rather that stﬁrtlng to answer any

()

of questlons 1~ lO which follow,
B. Examine the questions'and'problems.thatzyod”ﬁoteﬁ on readingj'
A , : . - , .
s {."- - the reports.on the previous pages. Find ways to investigate
i “these questidns and make careful notes of vour axperiments.
I . Ao . : . S T SN
~ . or . 2
c. If yau Were unable}to raise new questions.and problems-the k a ;_f-i
follow1ng are some questlons that have been ralsed by other . o . 13!
'sumams f7~,“  ;ﬂ o S S b
. ',5' c o . ¢
) ‘ o JoE oLt . oA 7 ’ 0 ‘ E
K " 1. Do flowers contain hidden colours? S ' : B
i ' ' S : o S - Co S
L 2. Are'drops of different liquids the same size?
.30 Are some lquldS heav1er than others? L
4. What other plant julqes can be used as an’ 1ndlcator’J T,
"""" L 5. What otherpnatural‘acids.and baSesfare there? 3.] ' v
" 6. 'How seﬂsitiye %s a homeﬂmade,indicator?' oo '
a : . "7. 0il takes' longer to empty out.of a tin with a hole in the
| bottom than water. TIs<this because 0il is 1iyhter than" '
o E water? Or because it is thicker than water? v .
» ' .
- A 78” b .
& |
. . \
T
’ IV d . )

:EMC ' ' . X . - . o ‘ : . .“
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"Writg awfiﬁalﬂrépoxtfof-yoﬁr:woiktﬁitﬁ-1iqu£

~Related. Readings: - ° e

2

! v H .
3 .
>

. are stronget than others?

9. VWhy do some colours

higher on‘stfips_pf.blotfing paper standing in

" '10. Which 1liquids dry most quickly?

o

+

Part VII. Reporting: -

. IR SR

L 1)

5
. ° .
* . . Y

'
H

_f}fécdﬁméﬁded reading.

Q

. » "
.
. \' } ! . \\
79
v
L ' ’\ ’ .

o

liquids?

8. Cagn a-home—madekindicator be used to find out which acids = . o

~ ° ' i o
. il

always spread;out farthest. or rise

i

¢

. . . : . ’ o . . . \\
ahding of the proplems. you have been working,
N SN o ‘ . \

s
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o Chapter g;' Strength of Materlals

‘Introduction . E f_' o ‘ ,. T o o
There are many thlngs whlch we use in our daily llfe Nlthout .
Lo .

T s o

thlnklng about where they come,from, how ﬁhey are made,.or h~w we

-
mlght 1mprove them. We cook in'metal pots, we transport graln in
s | . ,

heavy gloth,bags;.We llve in houses built Wlth a varlety of materlals.. ;

) : _ : : 1 i

In somé\caseS‘the-most eff1c1ent deslgn has been reached through years . Ti\A

N ! . . / .o K 1 7 . .
;of exper;ence. Often, however, there are,lmprovements that'can and

-are belng made. In'thlnklng about maklng such lmprOVementS, one must ' Lo

'thlnk about varlous aspects guch as.

‘What is the best siqe (neither too wig nor too small)? . .

How-much should the piece weigh?' , S

How strong must the materfal be?

: Answers to questlons such/as these are needed when choos;ng the

” !(- b

prOper m?terlal to use for any partlculhr purpose. The following' - .

l/ : i .
L")

act1v1t1es are concerned with Ways of 1nvest1gat1ng the s41tab llty

et of dlfferent klnds of materials for varlous purposes. The. reader~~“ o

choulq cons1derlthese~¢nvest1;atlons as startlng pOlntS from whlch .
/ s

(R

B E—

: L .
\ he 2r. sha mlght go on to more thorough studles of related problems. . i

i e
l

!
—~a ] '
N . . . /

Activity 1. The Stfength oﬂ Metals - .
. N . \ - '
\ Although metals are strongcr than most othev mater1a1s, the1r

.

{
/

». .
(

. g_propertles must be investigated before they can Qe used in the most

A : ¢

[ . -

etfxcnent way, - As antexampl% of such an investigation,_consider the

\ : following test fSr the strength of a piece of wire.

\. . : ‘ . . - ‘f e

o 1'\“ o - . | s - .
o © . ‘ . ‘ o \ . " . o I ; , ,/" : i
WERIC Voo R » | ~ | T
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the sameéangle,'a, to the opposite side.

_the wire/can’be bent before' it breaks.

A

.

4 . , ) i . P i

. ; /
P / " M
//'
! -
. / . .
/
Bend a stralght plece of wire through a certain angle, a, as -
shown in the follow1ng draW1ng. I

C / y
’. * ./.

Figure 1. Piece of wire bent through the anjle "a.

" Then behd the wire back to its originaliposition arid through'
L : . . o e a L

N . .

24

" .Carry' out this test seueral times ﬁor ‘each Pf sevpral different:

t . . . { '

angles.of bending. For oach angle of bendlng used calculate the "

|
i D e

average number of tlmes the wire wae bent before 1t broke. - . Tl T

Now several questlons can be-answered from a'look at your measure- °

ments. Foxr example, houzdoéé the resistance to breaklng by oendlng -

-

depend on_ the . angle through Whlch the wire is bent° It might{be useﬁ

o ' ? ] N ‘
ful to show yourxresults by means-o;\&\ggsph. vOthef'questiOns which -

" may oc * tolyou are the follow1ng,‘N fp;
. 1 ' ' L
///;;w does “the thJckness of the wire affect thu-results° e
What would happen 1f a different klnd of. w1re were ysed?, .
' R foy ' - - t ]
v, ? . '€31§ ' !
v . . ./ ) !

Repeat ti.e bending'back . and forth, and count the number of times




Sy

(Y'.y . ' Does it make-any differeuce if'the'bending is done slowly

or rapidly? ' ‘ '

Suppose wé'ccula,limit the andle of bending to a very small

- , ﬂ'an91§4 say:two degrees. How many bends.do you think it would take ‘to . 'y
cewio ! bend the wire? How' can a graph of your results help to answer this. ® ,

- s . . .

//,/ . ) . 3 )
: ‘question? - S ] o sty

- " Ce ',v‘)' i.“ e .
What other questlons have occurred to you as a result/or your

’

° ' . initial exper1ments° Such questlons can often be ansyeréd by morej
T * . N . . - ér’/‘,,_,'. R
1thorough 1nvest1gat10n in°® the classroom. -

&

. , oo - R e A :
AR . Activity 2. Measurlng the Strength of Mater1a137 e L L

P ] ] \, ; . .

. R In Act1v1ty 1, we saw one way in: whlch We may speak of a metal ;:'wu"

o N . i N “ N o :
¥ L ’ i

s

" as belng strong, namely, the ablllty to w1thstand breaklng\by bendlng. ki

\ - >
R i k o N ;
jg\'} . Collect several pieces of metal wnose strength you might test.‘ In- i\\> e

A » ' . . VLo

)

.cltde in.your collectlon pleces of metals of dlf&erenf klnds and of [} N

; - dlfferent shapes and 51zes.-._. [t oY T (¢fi ;
S - : : . — e ) T
- - Can you think of ¢ther ways-in whlch we mrght think of metal,a\
S ‘ﬂbeing strong? -For example, we knowlthat it is ea sier to. mould a, plece g
[ 7"of ‘clay. than to mOle a plece of metal. = -« . T f'gF”“
o '. - VWrite down all the ways you can thlnk of in-which a plece of .
B Ly
A o . , : . ! p—
©" . metal can be thought'of'as having strength. Your list. should contaln
. P ’ B e ) ! ] i :
. ! five or moxe ways which-we'have not,men 10ned N
Sy . - : i .
1. Re5lstance to breaklng by bendlng ’
o . : - ; .
_ ‘ 2. ';...an.....-.q,a
I ' o i ’ L - N
v o 3. e ol ool ete. . R .
\Consider now ‘a piace of string. (Collect several ‘pieces of .
' o ‘ B . . . . . r‘{ .
. . e , o ‘ T e o, RTINS o et L By
T » . . ] L - b : e :

<
w
4
t
t
»
L

i]ERJ!:”i-Y %t ﬁt l‘J . N ﬂ: - T:'/f/.4lffu'-" o C ’ ‘ ;”~A:w:f{
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- materials beingttested. R , b

string of diffurent kinds.) If someone asks you for a stroug piece’

E

of strlng, what klnd of strlng do you look for’ Again, write down‘

the wayc you can thlnx of in which a plece of str1ng can be strong.

Are the ways in | Whlch a string can be strong the same as the

- . H

+
¢

~ ;
. i .
- ways. in whlch E plece{of metal can be strong?’-, . o

;

Once we have deflned the way in which a plece of materlal can

A

be strong, we must then look for way’s ot measuring that strength.

For  each of the definitions of strength you have given above,~design

v

L a way of testing that stxength [Try out the method you have deslgned

;. by testlng the strength of the pieces of metal and, strlng you have

co‘lected
fter you have tried your_method of testing your materials, can

you think of Qays of improving your tests? - For example, do you.get

1

-the same results when youfrepeat«your~measurements for the same mater-

~ ial under,themsameqConditions? If your results are.not’ repeatable,'

.!
€ A

you'should look for better ways of measurlng the strength of the

‘How willhyou describe|your measurements_to other pelople? Can
- v e . o o o
you‘express your results in a‘numerical‘form?_,That‘is, instead of

‘ sayrng that your materlal is very strong, strong, or Weak, can .you

descrlbe the strength by means of a number which comes out of your

(.

' measurements? Thlu numerlcal descrlptlon of the strength W1ll be of

partlcular 1mportance Mhen you want to - compart youn meaSurements W1th

those—made by others in.different places.

e,
.
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//» ofvthe matet¥ials you have just listed

Activity 3.

) R . . ¢ ‘\,
Comparing Strengths of Materials

\
\
\

We have seon that the way we definé the\strength of a material

. \ .
depends .on which material we are considering. ‘Before we look at ways

: \ : .
of comparlng the strength of materlals, let us try to tulnk of several

dlfferent materlals whose strength we mlght measure. N

: SRR S
Make a llSt of at least ten dlfferent materlgls whose strengths

\
youvmnght 1nvest1gate; Of those dﬁflnltLons of the\ftrength of mater-

ials which you outllneq in Act1v1ty 2 whlch ones can be used for each
i ! .r_ . »\

You mlght make\a chart whlch

.\‘. .
“hows the klnds of materJals Ln one dlrectlon and, the klnds of tests

\ k]
i : \
in- the other direction. : : \ (
|
Kinds of B RS o
aterials . ‘ : A
‘ N 1 1Iron ’ Wood' i Cloth T e
Tests . . \
‘Bending : ‘yes . no no \ . ?
Pulling .|[|..- vyes _ ) 2 , T yes = ?
/ Lol e 1 U L
REAR _ . | 1
B ‘ ' | . ! \
? g 2 > \ ?
= \ O . b .
. \ I , o

|
\
Can you thlnk of other tests o1 stren th Wﬂlch would be
i

i

. 1
prlate for the dlfferent materlals you havﬁ listed? 3

Suppose now. that” you wanted to. compare the strengths oﬁ dlfferent

Z N

appro-

pleces of metal., Proceed to measure the sﬂrengths of the bleces of :
gL : bt
! metals you ‘have collected accordlng to the tests you de51gned§1n

. l
Act1v1ty 2. what factors must You cons1der if you want to compare the

1
.strengths of these pieces of metal? i \
< ) . ‘ E ’ ’ l 8 5‘1: . ’ !

. : S _

b
L |

: S ! z

T i vt ’ : ’ i

&
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Grade V primary school ‘sci

.however it might_be defined can often ke changed by alterlng the

.condltlons undex  which- the material is tested and the

Pan you obtain a numerical strength of your sampr which is
1nde2enden of the size of the sample°

Does the shape of the samo}eaaffect'the measurement of the

3

_strength? .

Is the samé metal always the strongest piece in different kinds
. ’ ' i [ '

of tests? A By

From the results of your tests, can you - think of examples of how

dlfferent klndS of metals might be better for different klnds of jobs9

\

;'You Wlll ‘see that some tEsts ‘can be used for some klnds of mate-
o \. 3 . ‘,. [ : : .

i

rlals and not. for othezsu Choose. a test that is applicable to as many

:-Perform this'test on those materials

Can you think.of reasons why some materials
R e _ ;

are stronger than others“for_this%test? Do some materials have pro-
~perties‘in cohmon'whiqh'make them have similar strengths?

DAY e
.

oo L
. . V. . o .
. . R . A .

-;;thivity 4. vChangingnstrengths of Materials -

xS ’ . - . Lo ot

. When' asked to;measu jithe:weight of a piece of wood .a boy'in a ,
e “ T LY

|
’ f

to report that measurementF; Wheﬁ?ésked why not, he,said,-“{f‘I’wei h

it today, and then weigh ‘il tomorrow, it might not weigh the same." |

©

: o L . . .
This boy was .already well aware of the fact that measurements

of . the physlcal proper les of materlals depend on._ the COndlthn in

whlrh the materlal is found. Thus, the strength of a materlal .

Y

. 4F

i =

‘ A} I > ‘
tate;;n-which‘

. o ] s ‘ \\ ) e - A Tl .
: ial i i : . e et i
the material is found. , 8;) - T '

néeUElass responded that he did not llke‘ ' .
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‘and the changes in condition in another directi¥n.

" of a piece of metal, you might make the same measurement after the
in a chemical for'different lengths of -time.
you are measuring?

-different materials? Which materials can bést. retain their, strength

- strength over a period of time?

- 77 -

Make a list of as many ways as pcsisible +hat you can think of
. 3 -
in whlch the condltlon or state of the materlal can be changed. Again,

a chart can be made which shows the 'kinds of aterials in one direction

\

.*. Choose one of the materials you have collected, and nne of the

teSts'appropriate for that material. Perform thlS test of the mater—

°

»lal you have chosen several times, changlng a s1ngle condition of the

‘material for each test. _For exampie, if you are measuring, the’ strength

metal has:been heated to different temperatures. Or, you might mea-

sure the strength of a certain kind of string after it has beenfSOaked

Can you show your results in *he form of\e“graph? How does your

gréph.help you to draw conclusions about-the material whose strength'

How does the same change in condition affect the strength"ofj

L | ‘ o
i

e e R ' ' [ S
at high temperdtuges? . _ o » !

i

How are changes in cohdlti’n‘conneCteQ with the passage of time?

_Under what conditions might a piece of material lose. some of its

N

As you contlnue your 1nvest1gatlons concernlho the strengths of

&
V

- . . . i
mater1a1s, you w1ll galn*experlence whlch w1ll allow you to make sume

predlctlons about this area of science. When pOSSlblee try to use

&

your past experlence to. ma&e a judgement about the results of your

A g
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to solv1ng prcblems.
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o Y
experiment before:you carry it out. . Of courSe, youx" predlctlon must*

be verified by actually performlng the tests you have-d851gn6d

f your predlctlon was not fulfilled, What factors do you think

’\

you may ha'* neglected to take into account7 The abillty to estimate.

o

“ wnat is going to happen even before it happens 1s One of the. mofL pow-

ertul tools Wthh result from the appllcatlon of the sc1ent1f1c method

3

s

Activity 5."=Practi,uimApplicationeév“

Questione such'as‘thbse investigated;iﬂ the previous aOtiVities .'

@

are -some of the QUESthnS which must be answered by deSlgnefS of new
‘thlng . For each test you have performed in the preVJOUS actlvltles,

can you thlnk-of a way in whlch the results of your test would be

useful in a practical application? ‘ . i

'Hardening toois* 'Perhapgiduring-your investigations you have dis~'

I8

. covered that the hardness 'of a plece of metal is affected by the klnd'

 of hieating and coollng the plece has eXptrlenced ' Throhgh the prOCEbS

of "heat treatment,. “the hardnesr of metals can be lncreased con51der*

I

e

H N 1
H . . . . °

! 3
Put two pleces of iron into 'a chaxcoal flre. in a shoxt whlle

v
K

5

the pieces w1ll get. red hot Afte‘ thP pieces ha&e reaChed a red heat,:] ’

’

"remove them from'the.fire, lettlng one plec? Cool ln the alr,:'and

plUnglng the other plccc into a buckec of cé1d water -hWh;ch piece is
s T . .’f‘ e e
nom e hardest° . i " ' S v

*See the Teacher's Guide, "Tools for the ClasSroom."



o’

[

ERIC

Aruitoxt provided by Eic:

pounded? Now putvthis'piece of iron throughtthe process of heat

Other questions that might be considered are the'following.

"Is the hardness rnfluenced by the length of time the metal is

LI

kept in the fire?

-

‘How would the ha;dness be affected if the'prepe Qere cooled in
a bath of oil? | | |

Will;the hardnessix 1ncreased if the piece is heated and
cooled a second"time? °

Now take a pieo€7ﬂ7j?%n and poond it seéveral times with %;'

/

heavy hammer. Does-the pounding'change,the1hardness of. the area

treatment. Has the previous pound;ng affected the responsa of the
piece to the process of heat treatment°
Many of the treatments_can how be applied to metals other than

.‘ I ..‘ o .- . ) . - .
iron. Do all metals' respond in the same way ‘to each -ind of heat

treatment? B

I

'MaklngAsc1ence equrpmtnt for the classroom When Workiﬁg with child-
' | B ‘.

ren in the classroom, there w1lﬂ be nany tlmes when you w1ll need
S .

4 o
,pleces of equipm#nt with whictk to Carry out sciencJ inv stigations.

'Sohc such pieces bhich.are often,neededfare'the followi»g:‘

! o ‘ -
JAnval cages . _— e

As

Aquarium
“'Balances . o : “

Pendulum clock - . o ‘h ‘ o - i
_ What are the best materials to use fo. making such L.eces of
sciehce equipment? .What are s-~me - factors you must consider when'
P q S .



choosing the material for this work?' Can you use locally available
materials? Can you discover Substitute matarials for those which

are ideal but expensiye_or.not‘aﬁai;aple?\-

e Bulldlng a bridge. Suppose a bridge is needed over a stream 3 metres
in lldth How many different ways can you think of-to'build a bridge
over such a stream? f*an you give examples of suc{ briddes from

'_different_areas of -the country?) Some questions'wa}hh must~be'an—
o . C . BT - B --‘ﬁ\\' \
? ~ swered are the following:' ' o - -

- -

What kinds of materials ‘are rieeded?

‘What kinds of materials are available?

S What will be the dimensions of the bridge? N

How strong must the matefial'be?'

. Now suppose a bridge is needed across a stream 6 metres in width)

What changes in design must be made? Can all dimensions of the bridge

. E

LS

be doubled? . .

“hese are some of the con51deratlons made by people who have P

. . . oo
been bulldlng brldges for hundreds of years 1'to the bast Whlch of
L I ’

these con51derat1075'd9>you think;a;esmost important for the~de51ghj

. 3

. B o P . « - . .
~ ers &4 iarge modern brldges,used-by-tralns,
t.' l"' N ]

S Qﬁher<‘gg}1caglons of testing materlal 'By.néw you will no doubt

. a

orries .and cars?

have thought of many ways in which testlng the strength. of materlals:'

- R . ' ‘ : .

can b of practlcal useé. Some further sitUations you~might3inveSti-

gate are the following;vi R ' “ B I - o o e
R - . ’ . ’

o . .
‘Constrw.~"on of houses

Making furniture R ' .

ERIC
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Transporting goods ) ' L

These>and_other tasks YOu can think: of are being carried out

ever&_day';&T"arophd us.. How do people ‘near you solve such’problems?

DisCués some of your .investigations with local craftsmen. Important
improvements can arise through sut¢h discussions and exchange of ideas.
- : \ )
\ .
. . B
- et R e - : .
PUPILS: TESTING STRENGTH .OF THEIR) GRASS. - - o ? Sty : e
'STRUCTURE = ! _ . ' / L : e :
. (}‘~ ’ t i B ;
- (_“ ‘ ~
v o S
PUPIL TESTING STRENGTH OF
i SMALL BRTCKS SHE. HAS MADE
v . . . 9 0 .. v. . ,. . ‘ .
- * . e . 4
‘ : _ S : [ T ‘ - R S
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- Chapter 3: <Changing Systems : ‘ _ i ‘ -

S Introductioq_ Fatly o -
No matter which aspect of the environment we lock at, there are

always changes taking place f.changes in. time, id position, in different

“forms of energy, to name. a few. There is the‘daily change from-daynto .

«

night, or the longer term changes of the seasons. .Temperatures.change,
b \\ - the clipate changes} the_behaviour.of plants and animals change. All of
wvthese changes affect both'the physical and the biologiCal environment.

o

o and we often do. Examples of.man's intervention'in_changing‘the environ-

<

“‘ment are clearing the bush to establish’ farms and living areas, villages}.

towns . and cities; damming streams and rivers. to creute reservoirs, and -

oo ‘lakes; and draining of swamps and marshes. .
N . & - : + o.v

P o i .
' L e t : ’ o - . o s - [
i © .+~ Looking .for changes .- o : . NN
©° ‘f ) A ;-’ . . '. . ) : q " )
, ' "Many changes take place-around us that we hardly notice. Many
s - : : T L e . : . ! Ty :
‘ 5 changes take. place on d scale smalz enoligh so that they can be reproduced
« i v | ; o }
: S . : : . i Lo . : o
* in the laboratory or classroom. One way to study such .chaages
. ' f brlng to the :lassroom*as.many of the‘follonngvitems as'poefible. '(;
P o B , ]
R
‘ is often an’ advantage to work together with some‘or your colleagues ). o
./‘ T . N ".
, . frth C e L "wire e _;m“
RE A . pieces of bread - g o nails
_’ - pieces of meat s - buttoﬂs (bone and plastlc)
. seeds’ ' - . source of' heat:
. . ~containers -~ beakers, jarsy '“lltmus paper R : .
’ o o etc. . torch batterles and bulbs
8 “ ‘ . .
\ -
. . ) 91
) -
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also set up in\the‘laboratory:

a sw1ng1ng rendulum . .
o2 or 3 sets of bottles with Water '
2 or 3 sets of bottles of water from a pond

Examlne these materials and look forlas'many changes as possible
whioh might take place. Many of the changes will be'familiarlto you.
For example, you mlght exéect that nails wllf rnst if left exposed to
the atmosphere’for a‘while.l But wﬁat changes do you expect to take
Place in;the meat} in the bread: in %ﬁe pleces of plastlc, or 1n the

seeds? Unaer what' cond1tlons would you expect such changes to take
oo . . i \ - : C B
. oo R - : o e

place? | B . R
Lt ' You may with to extend your observations outside the classroom

for changes taking placg in the garden,. in the college grounds, or in

. . B ) ) :
3 ¢ . -

a nearby sStream or river,,

Record in:your notebook all thé changes you observe. This is
. L N —- . . ' . \. . o . . ] ‘ . 4 . ’ A . . .
-+ particularly important because some changes,require many days before they

¢ becomeinoticeablé. Adetlonal changes to ohserve are glven in Part l of T

¢

the related reudlng fhat follows. v L ' e Vo
- @ : T '“-’ 1;’;'.

‘Classifioations of changes"

s

" . ., ‘ ) . H . : ER

When you begin to record the changes you observe, you may flnd o -

that it is better to llSu the changes in some, orgaaned waz.l How’are v SRR
/ : R e

these kinds/of changes related to one another? As you.attempt to,answer -
qUestlons such as these, yon“nlll begln to develop a system of ClaSSl“ \ |
o ) ke —
flcatlon of the changes ‘you have obsorved ' ’ 4ﬁ o : ‘. ) . .

,Additional activlties which will‘helpjyon toaexplore‘the problem,h -
of-eiassifying,changeslare describod_in.Part'z of the related_breaaings(‘.~ .

N . i
o S ; R : S R - U SR

Rl
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Several categories of changes are suggested. How do the categories comz
pare with theermteéories you have used when ciai%ifyiné the changes you

obseErved? i

o ' Investigating one changingnsyeten iz

Choose oue partlcular changlng system for further 1nvest1gat10n.
| o= )

i IR For example, you #* -t be 1nterested_1n the flask of pond water, or in

a_ganana or some meat exposed to the atmosphere. Ferhaps you have a

oy
'

P piece of banana on which organisms of many colours are growing. What .

‘questions can you ask about. thds.changilfg system? For example, is there
: ’ . . -, ol
only one kind of organism growing, or does~eaCh'éolourt;épreeent a B

different organism? . ) . S A

L SR R S
C - -In Such a situation, .you may wish .0 find out'mor;'aBout the growth::

¢ - Lo i . A N ’ B .

of fungi. cCan you grow the fungus of each colour in a separate dish?

Y °

w?

Does each' fundus breed only on certain materials? . Try many different. '
© v Preed only _ P . ’

-

L materials,under several different'gbndltions.~ ) .
T Thls klnd of 1nvest1gatloq tould lead you 1nt va whole new flelF
!\.v ; . ' . \1 .
Ty _lof blology - mlcro—blology % in wt ch you would in eétlgate the nature

~r!_ : R of‘@ungl’lnjgeneral. You could investigat organlsms sUch«as"pen1c1llln,‘
- , 0 . - B | : - . T o 7 s 3
'k ' . beast( and vitamin B extracted from palm‘W1ne. -This)fiéld‘has endless

pOSSibilitiesffor_investigation. (See Part 3 a in the related readlngs )

Cl

B Instead your 1nterest may Have centered on frult flles. You might
! / 1nvestlgat% the best condltlone for breedvng them, or you mlght look for
e : : ] AN .
[ i Lo - a

whlch food is the most attractlve to them., (See Part 3 b in related ‘

R _ PP . .
by Lo . . . _ . .
i : ,readlngs ) -

Qt 'fj,-... N ' : s A ‘,.'
A T o o o .;/// o %

T - . e ) . - o S o :
EI{I(j"nﬁig .‘f S R IR P S

PAruntext provided oy enic R
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s we have jusgndiscuSSed. ‘Trace the l}nks between' the different partsnl

-‘in-metals,

Or you may try grow1ng planarians - any of an order of aquatlt
1
|

Once you begin to ﬁsk-questions-that can beﬁanSWereé b¥ carrying'
: : . ! v
/

out your own investigations, you have entered anjexpanding world of

 flatworms. (See Part 3 ¢ in related readings.) |

. E | ) )
Lo R - . R o .
act1v1t1e$Land questions, hypotheses;and predlctlons, measurements;and
‘o 3

\
\

data processing - a world Wthh can sustaJn your 1nterest far® beyond\
a ; ;o \

. /

the time you spend in- the classroom. / i g

W] » ’ i
On the. following page is a flOW“Chart showing_some of the tdeas -~

s ) %

and then conStruct 2 similar chart toﬁshow the connections between the -

topics you have been investigating COncerning;the theme of changes. .

. . e N . -
v

Example\l. You may v1sh to investigate some procedures of: your own- ‘d_.
for grow1ng’fungl.f Can a produgpbfucn as cornstarch be Lser,as a sub-(y
stltute for Lhe agar used rﬁ laborator1es° What other substances

encourage the growth\of fungi? Can VOu.deSign a'metnod ofVmeasuring

. ‘ Ty
the rate of growth of\colonles of fuug1° What factors affect the rate
\ N ‘ o - . ]
e i . . - ¥
-*of growth° ol factors affect the development pf‘fungus spore%? v /

| ; - e . ' i

,Example 2. You ma haNe\become 1nterested in the changes/takmng place (.

1 - A .
. e,

- o . . } um:. w-\_'.t

. [ )
- J i \

changes.. Eor exam le, you\mJght have notlced rustlng, or the ox1aatlon~
. N !‘ . ,’ :] . LU B

iof metals. ‘Thls mlght make ne ‘think of how metals are obtalned from /

ores. Thls, in. turn, could lead to StUdles of ‘the ploductlon apd uses
. i .

i . . i _
of chcrcoaﬂ‘and then naturalLy to the problem of sogrces of' energy ln-g

' -

general. . (See Part 4 xn the related readlngs }

1n‘whic .cise you would have noted dlfferent types of ' S

Ay

o ‘ . .o . o



 What ¥inds ol changes?
Are any of these
changes related?
- I{ 50, in what way? |

Classification
of Changes
1) S

' "Changes must
. have c: uses, o
. Rre some of these

0 eéIEn'aar fhan &

, Changes |/,

=

FLOW CHART FOR C‘{ANGI G SYSIEMS

% s

" L

, | Preliminary
Activities
I

,’M

Shoxt term

o 'MM’

Changeq in
y Living Systems
VIl

S

| Fate of Eﬁeré;

t Questions: for N
"| Teachers® . | '

viir

8NeTgy when -
ﬂyér stops?

S

when

RN ’H "&¢ymm%ﬂg
Long “term s Vi /o
. ' | 'y . .
N ! e 7 t )
g A A | .
,'|‘ ( L—' : ¥ ' E -
‘Size of &

ad Energy

RIS

o~

Energy Chang

s How can we “

measure .

-, You draw spme&flpy'd;agzamﬂto shov-wheze your own 11lus ;atlons'mlght,;pad. I

changes in
energy?

~&

J
L
Cot

g (

»

o st o e

What happens to .
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following.

-
e

Example 3. ‘You may have looked at the fo%ﬁétion of rust from the point
4of vié& of’ the tybg qf change i; represénts. How can_you»prevent rust?
Can ﬁhe process of rust formation be reversed? How is the férmatién of
rust,similé£ te, or different erm,-dissolving salt iﬁ water, the evap-
‘ération énd cc;deﬁsing.of water, the germination of a se;d, ;r the boiling
of an egg;

Some changes bring:ébout other chgnges; For exémgleb

e

a fire makes firewood burn and changes water into steam

4

- ) N\ N
;aube ;reffect

t . . - ]

cause — '_ > effect

In Chapter 5, Relations and Functions, you will see ways which
B N -y . B ) I . .

will help you to study cause and effec%.relatiohships cohcernedxﬁith

2 : .

"changes. .

-

Som.: changes you can explore throﬁgh class discussion are the

Putting tea intolboilihg water - what changes do you
observe? o : ' a
Put milk into tea - what kind of change do you observe?

Put ‘sugar into’ cold water.

o .

heat‘sugar water to boiling - what happens?.
. . & . S - e
s P

Cool water by putting into the freezer - what do you

observe?

® o

Try_thié_Whilé,usingba gfaduatéd beaker - what changes

do you observe? /- -

Changes do not occur without reason. Changing systems are maintained
. N . . A ) - .y

e T '

T oY .

J

-~
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by a supply oﬁ energy. Likewise, energy is detected 6nly'because it is

. ~ involved in bringing about changes. For'éxample, when you pit a flame

-

under a beaker of water and leave it there for some time, you notice a

change in tiie femperature of- the water - that:ié, in the degrée of warmth - -

<y

of’ the water. This change in temperature is caused by the transfer of

energy from the flame to the water. o ' .

= ¢
-~ L

Can you design a method for determining the amcunt of energy gained‘

by the water? How will your method’ depend on the amount of water involved?

How does your method depend on the change in the temperature of the water?

Try.to épply the method you have designéd to the measprement of the trans-

fer of enegy to various.samples of materials under. different conditions.

RELATED READINGS ON CHANGING SYSTEMS ~
B - " o

)

Part 1: -Looking for Changes .

while'carfying out the folioWing'activities,'look for ways-ih which - n
Vol things'change.' Try to bring about changes in as many different ways as

possible. Keep a 'record in your notebook of what you do’ and see. You

‘will want to refer to these records from time to time. You may also
t: . . wish to make measurements of some of the changes you observe. Such

measurements will be part.of your records.

’ . . : . o p)
A. Do.one or more of the activities suggested below, using the
oo foliowing materials. (Similar materials which are available

° o

7 » may-also befusedl) ' ’ o o - . o

? -

ERIC
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rubber bands, vaf;pus sizes " thin strips’” of metal .
thin strips of bamboo ' . rubber balls; various sizes
~bicycle pump » » . shallow cup '
Yoo " two buttons, or-dried, flat seeds .cotton reel
’ " string o ' wire
. stones, various sizes ) rubber balloons
C pieces of cardboard | matches .
paper ' . magnifyihg lenses
blocks of wood L ‘tins S .
-candles :
L S 1. Use as many ways as possible to make an object move -
without' pushing it with your hand. N
‘ > =2, cEind'as'many ways as possible of gettingfa ball, a buttoq,
0r a seed into a ¢up without liftiﬁg it with your hand. '
. 3. Drop a rubber ball onto a hard surface from different
) heights. = o : : : . _ ’
. o , R o L ..
) Con : 4. Shoot-a stone into the air with a catapult.. What happens if
you usé.stones of different wéights?' How mény-éifferentiways
. can you.make the stone go higher?- o
5. Find as many ways as'poésible to make a block-of wood hotter.' ~°
' : 6. . Find as many ways as possible to make changes in a piece of
« paper. Which changes can you undo; that is, for which
te L o ' chanéégﬁéan‘yoq bring the paperfback~tovits‘or;ginal state?
f'b. o 7. How qény:Ways caﬁ_you find to méke.water:in a small tin.
) hotter? |
. ﬁQ 8. Make. as many changes as 'you'can with a rubber band.s - .
- 9. Make as mény cﬁanges,as you can with suﬁlight. B o,
PO - . . . . ‘ @ o

Instruction§ for testing one.possible change are as followéi»
r’Inithe-early“morning of.a'sunny day, choose a.green piéht neér‘;
. D . . . - . w

your school. = Cover one leaf with aluminium foil or black paper,;andyb

~
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leave the plant erosed to the sunlight for about four hours. Pick the-

covered leaf, and another leaf from the same plant, afd test them both

.~ .

for the presence of‘starch. Compare the apbearance of the two leaves

i

"before and éfter.testing_for.starch.

Directions for testing. for starch: _. -
! - (i) Boil the leaf in water for at least five minutes . to kill it.

N

(ii) Put the leaf in hot alcohol for a .minute or two to ‘remove

ir.. : N . the colour.. (Caution: Do.not beaé the alcohol direq;ly:
24%?5\ '.with,a flame és it may catch’fiygﬂ -Put the'cbntainéf witht

. . “the éiééhol.info“a iarge coﬁtainer f;lled with Qery hot

wéter.ﬁ

- | Y (iid) Dip the leafvin ﬁét water to soften it.
i.i o (iv) Soak"thé'leaﬁ in iodiﬁe églﬁtion. (Tﬂé solution can:be.made_;
ﬁf'f ' | for.thg’wholeXEiaés by_é:inding‘tdéetheriéQUaltamoﬁnts'of
B. ; TN '~ iodine and potassium iodiAe,érystals, about a pihch,of.;zdi,
E}: ;}. ana dissolving ;he mixturel;n about a pint of wa?@r.).
:i . {v) " Wash fhe leafnagain éhd hbl@ it_ué aééiﬁst the sunlight;;.

: v_f i.B, 'MAké as many diffegen£ chandges as you can using thé'maﬁé;ials .i Q;,
! ' - providea'iﬂ.ﬁheﬂfoiléwing.séts: .

oo ~~.. : 'l}_j_Cotton'réels, hilk tihs, wi?e, étriné,wrubbex baﬁds). ]
i; L : v\ca.g;c‘dboa'r‘d‘. ‘ | |

. | 2. '.Ball‘, bamlnéo splints, ;trihg",'bicyclg pumi;."" :

v 3. T:Paper; match¢s; mggnifying'lens;}metal Strips,.éléohol; ”
24. ) sﬁgégrkwaﬁgr, matéhes) tin;pape;. R | “

5. Candle,ﬁrpbﬁer‘bénd,“paper ciipé}fﬁagnifying lens,_fubber_béll:
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R ol Go outside and make a list of 411 the changes that you can find:

around your classroom.

Part 2: (lassification of Changes

In all ‘of the activities that you and other members of the class ~

5 _ have done, you have seen a large number of changes. B

- A. Try to arrange all the —hanges you have seen into groups, so ' o

[P . SNSRI U

that all the changas in one group hane somethlng in common.,'; ' ‘ !

B. Compare your groups of changes with thosenobtained by.other
- -». - © 1 : T
students. Do all thelr changes fit into your groups’> Do - S

all your changes fit 1ntobother groups’ You‘may need to make -

'l, up a dlfferent scheme of class1f1catlon. . . , , _ /"

- -

,di Xou have probably seen that;it is‘possib}e to‘classify your:"?::‘_' '_
: S - Pchanges‘inbdiffereht uays.lee“downotLoften'worfyfaﬁiﬁﬂ?ffww AN I
| -whether a‘classificatién systeﬁ'is’right or.urong,"butt
e R _ o whether_or‘not it‘isfuseful for a particularjpurpOse.

The rollowxng is a llSt of types of changes Whlch many

.sc1ent;sts have found useful

,changes in‘height
e S " : _ changes in movement
: changes“in compression or stretch
chauges inltemperature.
"chahges in llght )

. ‘ - T “changesLln the composltlon of materlal
R ‘Try to put the changes:YOu;haye observed into’these
fcategories,_;Discuss'your classifications'with'others}

;_éyﬁ-,;g,,,, ~.- -Are. there some changes that\do not flt 1nto these groups’}ya‘t ey

~

- to <

Q . . . o = . e
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cannot undergo a change unless,itfis‘dropped pushed

SH . as ‘the result of the cause.

B . may have noticed .in living systems.
] N .

RN
|
\
1

—.9-3_ 4 4 . ' . ,,
o . , ) .
Can you make<gp other groupsefor them to fit into? '
' D.

Think of some of the things which might have caused each of

1 . the changes you‘have observed. Make a‘list4of all.the ‘

% . “t_ N "thlngs that can.cause these changes,'and classify them.
lk E. ; Can youlflt most of these causes into the class1f1catlon‘
-i e you made d§ in'LA or B above? Can:you fit them~into the
-% 4 - classification ln C ,that scientists use?

| N

¥

Part 3:

Change and Enexgy »
) . : »u } . CL L . .o
You have seen that every change is caused by something. A ball

, Pi , squeezed, thrown,
‘ or in some way acted upon. This same relation offcauSe and effect
| RS ) o ) L.
' operates in all situations, -

although often the cause is not as obv1ous

Thlstls’part}cularly true-of‘changes you

. . X . ‘ Q'..
For'ezamPle, people move about, -
. 'grow and have. thoughts.

These7changes do;hot takelplace only:bec;use

we want them-to, but are made possibleras d vesult of the changes that

take place when a human being_eats and digests food‘

\ You may have notlced that many changes can also cause : other ‘changes,
|

\ and that both of these changes,_whether cause or result, can be put 1nto

- \ a simple system of classlfication.'

|

Another aspect of_changelwhich‘may not have occurred to- you is *

tnat energy is 1nvolved 1n allxchanges. .A‘change requires'the:transfer'

of energy in some form Energy~can-appearlin“different forms, but we

detectjlt only because 1t 1s 1nvolved in changes.



,' ) - > rn "

e

e C e
=3

Fo‘low1ng is a table Wthh glves the rorm,of energy which'is . ~

iy assocrated with each of the types of changes wnlch we have dlscussed
~ A Type of Change ’ 4 Eneroy Change Involved
i Height_. ‘ R _ . Potential energy
Movement o " . Kinetic energy™
* ‘ o Compression oOr stretch _ Elastic energy
Composition thgmiCal energy
¢ Temperature .. Thermal enexrgy
Light ' . Light energy
Energyfis also found in other forms which are less common or less
important. Some of these are disScussed in relatea readings.
' A. Consider some of-the changes invoived in‘your activities-.
o In each case, work out what changes in energy took place
' fdurlng the pr0cess ' Q}scuss these_w1th the rést of the classu_'
o T . to see if they agree.' E.g., when paper is, burned, water is
Y "heated. -Sometimes'energy changes frdm one. type to .another.
e "~ One example is, if paper is burned to*heatswater, chemical
enexrgy has been changed to the:mal energy. :
Can you think of other examples? )
R In soéme cases, the energy change,may not involve a changelof
. - form. . For example, ball'a hlts ball B (at rest) © Ball A slows
- down or stops, whlle Bal1 B 1s set in motion. B
Energy change. KinetiCu——-———>Kinetic
'In'some_cases, one form of énergy may be converted into two forms:'
oo Example: burning wood - P
¢ B : ‘ : T N . o
Energy change: Chemical —pthermal +.1light = -
'G
- | 103
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i ' In ather cases, the overall chanqe may involveka series. of cther | f‘ -~

' '.energy.changes. ) i
l’ Y , " "Example: A boy'kicks‘a-football into the air. -« - o ' .
- Enerxrgy chanées: Kinetic'_—:zelastic.ff——7po£encial
! | —>Kkinetic" |
B 4."‘ B. Think of some changes that occur in»evegyday“life, such as e
a car rolling dcwn a hill, a firefly flashing in the dark, )

! movement of a %team—poweredﬂlccomotlve, cr an athlete jumping *

over a bar. " Think out the energy changes involved in some of a

[y

Y,
5

‘these processes, and see if_other members of the class agree

oo : with your explanations. : ‘ :

[> -~ ' o ..
! ) L : © . " «

C. Diagrams and instructions for making some games or toys. o

are given on the following pages. ALl involve energy
- changes. Make one or more pf;the games and think out the
energy changes which are{involved.when it works. - If you know

&

of any other toys or games whlch 1nvolve energy changes, brlnq
. 3 =3 . . 2

e , ;them to class and have your classmates dlscuss the energy

e

changes which take place.

Aruitoxt provided by Eic:
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! * GAMES OR TOYS INVOLVING.ENERGY.CHANGES . - .

~

S a. Yam Gun

s . - ‘ , : B » .
. } ‘ . Cut a long, thin tube.from a bamboo or reed. Cut a plece of yam
,//‘ . " or similar material to fit: snugly as a plug in one end » Make a - - v
; . .. . : ‘ -
7 : ' plunger ﬂrom a green stick; jUSL sllghtly emaller than the inside _
, dlameter of the tube, but W1th one end mashed out llke a poundlng ‘
N +~ stick so that ‘it flts 1nto the tube ds shown. If the plunger is
. i A ; &
A _ . ' pushed sharply into the'tubeﬂ the plug will fly out.’
. ot . . - »;' . - ‘o . N . .
| R o |
. . ppecay = ) g e\, : : A
S Pzzce of qu "Tube (Cross Section) . \ Plunger
e - oL : N Y L -
B - b. Come~back Reller - . Coe ‘ o ‘. -
" . .Y‘ .
@ . 7
v ot . .
~ Rubber Band, Heavy Weight on Wire '
- " | o ) . e | f o S . 7
"You can use either aljuice{tin-Or.a round tin with a push-in top.
Assuming it is a julce tin, cut tWo_holeS'asfshown in each .end of
B ' the tin and remove the eqntents; ‘Cut e‘eection from the side oﬁ' :
. .100'a54 o _ I

e
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the tin (if a juige tin)'in’order to insert tHe rubber'band and
weight. (I_ you are uSing a tin with a removable top, vou can

< ~insert the apparatus before putting the top back on. ) Cut a
large, heavy rubbev band at one end and thread it through the

holes as shoyn.. Tie the rubber band outSide the tid at -one end

Hang a,weight:from orie strand of the band so that the pand twists

. o < - )
as the tin rolls'in one direction. - : .
, ;7" LoC. e Cotton-reel tank il
e Pass a heavy rubber. band aiound two nails attached .to the end of.

a ootton reel and run the band through the central hole of the

“reel so- that the loop just’ appears at the other end. Put a rod’

. P
. e ,

O _ of smooth wood or metal thvdhgh the loop The rod'should be

o

. . o longer than the diameter of the end of the reel, therlength ex= .

tending beyond- one Sido of the reel Use ‘the rod to tWist the
" rubber, band.;_The tank»shouldpmove when placed on a flat-surface,

. " so long as there is not too much friction betWeen_the rod . and the

?l_-. a - - reel. 'To reduce this‘friction} put a slice?of~candle between}the

rod and the reel;»with the rubber band passing through'the centre
o o : o

- of‘the candle slice. Alternatively, two metgl washers could be

used with a drop of 1ight Oil to- lubricate*them, o

e v F

: . . . o] T i ) '.--7_-.——-
: e " o LTI TR R TR 21
v S BTN Dl 2
}?L&ﬂael‘ anda R
. E A = e

°

p“ﬂ o ”onpv'v.~- . _/‘V“1'C:.z.:”ﬁl';~.* :\\ .
e BRI P NS candie Sliee
| . orWashers -
e - 108 o |
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Al Bow and Arrow . .
You can make a bow from a Strip of bamboo and a string. Any

RN : ) . i - e
¢ Notph Onegend

stralght piece of wood can be. used for the arrow.

-..7'!»
The

.

of the arrow so that the strlng will fit into the notch
Nor should it ever

“other end of the aVrow .should not be sharp.

’
Y

3

be pointed at~anyone, .

I R e e,

LAl

2

- .

(,

" Jet-propelled Boat
Punch two holes' side-by-side in the bottom of a sardi“e tin.

a

e

R P e .
e a s

Heat & piece of brass tubing until it ‘is red hot and part of it
Flt the tubiﬁg

e

can be made into a coil as shown in the dlagram

into. the tln W1th the two ends golng through the two-holes you
have made. Flll the c011 w1th water, and put ‘it.in a pond or ., .
Put a piece of cotton wool soaked
. M 7 L

: ? .

K

T ‘a large container of water.
» .
in .methylated spirit inside the boat under the tubing, and set

|

Yaw .
FR LT .
i .
i .
. T

_fire to it. After a minute or so, the boat»Should‘move through

"the water.ri
R /— Coil

Sacdine T - o

' Irisel."T,__Coﬁon} insidé Under‘ Tubmg »
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£. Paddle-wheel Boat . : L - ' E
x : e :
B " Thin Strip , :
S a " of AWood-—-—)
'\ ‘
ms‘ﬁch Rubber
chd
- \
\ 3
A NQLI
. \\ i :
[ | Wood ,
| | |
P g Mangonel ' -
i : .Construct the model as shown on the following page~ Note that a -
i 3 .
; - R éln (small nall) 1s 1nserted 1nto one end of the flat stlck, and :
'_;:f R the pln is held by the clothes peg ‘A holder or retalner for the »
ol T Laddle can be’ made from a llght plece ‘of metal oY of heavy paper ‘ ’
ol - . S
P o : and attached to the flat’ stlck See dlagrams below. - e
| - PPPE W ghT M@Tal or o g
- ) . \§ Heawy Paper to i
" > Mokcz Re’rcﬂner
; : .
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'g; Mangonel“(oont'd);

. T Hammer, in-Nail A. Loop rubber band agound Nall A. Put Nail'B

ST DI

'1n other end of rubber band and use to thSt the band Then": e
- . Qﬁ‘ . " a r‘v/

Hammer in Nail B. The stick can be Slld through the’ center ofﬂfhe/

-

) tw1sted rubber band

\ Rubber‘ Banc{ STOP —> \\’ . R
R@’fcmer To o | SN

(‘lo’thes\Pe M
Noﬂed ‘1"0 Boord

._When the flat. stlck 1s released by the clothes peg, the pe ble
(“ \--; “ i < : .
w1ll be sth through the air.” ThlS is a model of a weapon that.. ’

"-was'used.many years ago .Ropes, rather than rubber bands, were

el tw1sted so’ that heavy rocks could be thrown hlgh 1nto the alr :

e

for great dlstances. Thls was used to break down walls pxotect—

Lt R . ¢ ' -

S .« ing cities.s Wit - . : ¥

c
-7

a
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‘Part 3a: Growing Fungi o y

a. ,Simplified procedures you ¢ w fungi are-as follows:

B

: N
o S Obtain moist and fresh ", cows, or other grass
“, : N . s . . - . ’

fi eating animals. (Do not touch' i. i i your own hands. Use-a piece -

Lel 3 of wood, longhforcepsj ‘or thongs.f Moisten‘apbelljar_by sprinkling

St

- a little water on its innex surfaCe. PlaCe the dung under the m01st-

L

ened belljar and leave in a warm place. In place of the belljar you '

may ‘use any W1de’mOUthed glass bowl or bottle. After a few days (2 = -

white mould (Mucor). -
Ib., . Use-a piece of bread or any other'starchy or sugary food (garri,

I maize preparations, riCe paste,_etc-)._ Either*léave'the}moist-'

.a a bellja (or other large—mouthed bottle) and place' it over the bread

then leave in a warm place for a. few days. Many moulds¥Will develOp,'

[PV ~_-~~

¥

5

_Sporangia._ Because of these black Sporangia) these two.monlds'are

;usnally referred‘tofas_!black monlds.f‘ ‘_ o ’

c;.-.lKeep various'frnit juices in uncovered bottles; or 5ust loosely .
$;%;l‘_ _ f# - »stopper withva'loose ball‘of cotton-wool Or’cloth. "If the juice
- starts to:froth; it means that it'is}fermenting;.TThis shows_that.a

yeast is present. Any such ‘fermenting guice may‘bevused,ytheréfore,

A . 3)a white'web dévebaps on the dung. This is the web (mycelium) of the “

”’ened bread’ exposed for a few hours or, Wipe it over the floor. Moiéten*

one of whlch will be the mould Mucor, or Rhizopus._ Black dots that ™ .-

;appear on the Jhlte web are bodies ‘that contain spores. They are called=

as a source of yeast. Altérnatively, palm wine thatlis actively
. - - T - f“‘“ .

bubbling may be used as a source of yeast.

;npl} ; " fh.l . I _ b.. C 110
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To,makg‘a culture of a‘yeast,cadd a few drops.of the fermentlngbjuice
to a 5% solution-of sugar.' You can make the sugar solution as follows~
Idlssolve 5 grams‘of sugar in a very small amount or water and then add
more water to make 100 cc.vv

. Nutrient jelly (useful forwculturlnq bacteria;;Twﬁake-a‘starch

&

paste by f1rst m1x1ng cassava ox corn or potato starch in a llttle.

' fl.. cold water and then pour b01llng water on gently whlle st1rr1ng, untll

you. get a llght paste Pour‘lnto-sterlllzed d1shes while still hot and

'allow'it to set. If you do not have ready-made starch, you can use

X

.cassava, yam ox potato. Then you should scrape the cassava (or yam, or

potato) 1nto a pan, cover it w1th a llttle water, and b01l gently for

about'thréeﬁhours, adding water as needed. Strain the fluid‘through'- ¢

muslin;into,sterilized vessels'(dlsbesﬁ“bottles, watch~glasses,:orb

ST .tubes) and allow it to'set into a jelly'on cocling.lﬁ

CIf- you pour any 1nto tubes, place them in a slantlno posltlon for jelly
to set. ' When you have poured the jelly, 1mmed1ately cover theldlshesh

“with simllar ones klf you have used flat d1shes) or plug the mouths of

the tubes or bottles with 51nged cotton—wool ‘ e
° et

, Such lellles may be used to culture bacterla or moulds. To pick bac-
-teria;or mould use a brush that_has been Sterilized'in boiling water,
}or a needle or long.pin that has'been'heated in a flame and allowed to

’:qool:without touching anything. - T

b
pmat
-

ERIC-
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',_and allow to b01l for half an hour, 1n order to sterlllze them 'Alter-

 Place in the culture bottle, enough food to cover"the"bottom evenly to a

- 103 -

‘Part 3b: Grow1ng Fultflles, also called Banana Fly, or Vlnegar Fly

JIf you wish to grow fru1tflles you Wlll nted to collect them .

from the.surfaces of fruits like oranges, bananas, plums and sofon, “Your

. - i . o - ! - . . X
-should prepare the culture medium as' follows: T ’ o
i) use cooked r meal ... .. L el e
. tream - ‘ : ' ’
g o :
R yea Sl of over= rlpe banana SR : .
. sever. mof equal sizes and hav1ng w1de mouths

(e g. half-plnt milk bottles, vasellne botgﬁes, baby
food bottles; or Jam jars)

1:ether for anaesthetlslng the.flies. before you- examine them
© .i , .

v

ii) Alternatlvely, you can usef

t

e ~ mashed'over—rlpe banana or other sugary fruit 1like
orange {although thlS may not be as sat1sfactory
as the banana)
“the set of bottles and the ether
N
lace the bottles in a deep pan with water brlng them to the b01l

b x®

v

natlvely, you may use a:steam oven for one hour

Prepare the food by addlng together equal quantltles of the ‘cooked

(

maize,meal and treacle, w1th some Yeast- or a.piece of over r1pe banana

Ty

“

- depth of 1 cm (about one third of an inch);

’

- Make a platform for the flies by standlng long pieces (strlps) of

paperfon the food S . . ' | I

W1th sc1ssors or. forceps. pass a fa1rly large plece of cotton-

Y
v

wool over a flame to singe it. Thls mlll be the plug for the bottle.
When you have 1ntroduced the flles 1nto the bottle, plug its

mouth w1th the cotton—wool Then c0ver 1t over w1th grease—proof paper

Jl

.‘-,:,*
.

and hold thls in place w1th a rubber band or thread.



Leave 'ih a safe piace. New'fLiES‘a:e'producéd within a forﬁnight‘
(two weeks) . .

s ) ] . MR

.ngn order to examine the flies)vaﬁaesthetise thém with ether first.:
Use only the’éther vapour, not allowing the flies‘to get
St N ‘ e . o

f{ﬂ]"thé"liqﬁid.'“?heywremain anaesthetised for aboutvﬁive«minutés,;;Tp1]

S trane” 5 from Oné_bottle into «..other, place the bottles

'“'moutnwLo~mouth and let tbe_bottqm'ni-the new bottle point towéfds the o -

v
o

the new kottle..

VPart 3c: GrOWing Planarians

8

“ - . 7" Find a dead-frog or toad

Split it‘openﬁéﬁd'ieaVeiigfinﬁamstreém;of_ppnd.

) Yot o ' | : 4 . . .

Alternatively, you may use a bottle containing boiled pieces Jf
Cote s N o earthworm. in place of the dead -frog.- .

“Ekamine the nekt day to éeéiif"you have attracted planarians on

- .. or near your 'material-.

~You can keep the planariéns.in an aqparium‘ahd'feed“the@;with‘;
_ , o _ s 2 L .

i

bits of meat. .

See APSP unit "Tilapia" for instructiong on how to set up an’

v

-

. Partl4:‘,5ize;of Ener§y1changes

S ¥ You found in your pre;iminafyfactivities ¢n'changes,‘thét it
_usuaily took a change to caUse.a'change. _Wé*migﬁt say now. that

o

it usually takes an eﬁérgy change td produce:an~énergy‘changel -Go

Aruitoxt provided by Eic:
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- light,  The flies will’mdve.towardé the,lighf and hehcéAwill-mdve‘into L
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_back to one or more of your prellmlnary act1v1t1es ahd try to get some.

-

quantltatlve 1nformatlon about how fiuch energ) is” needed to produce a

Lo

‘ certaln change._ Try to get 1nformatlon Wthh would allow you to de01de

[%

whlch of the follow1ng statements is most llkely to be correct

) 1. The greater the initial energy change, the smaller
SR the :final energy change. : R e L

e n
[N

2. (The greater the 1n1t1al energy change, the greater
the * fin . energy change. e -

3. :There is,no relatlon between the 1n1t1al and flnal

‘energy changes.} o - o D x

DN

imTry to get evldence whlch 1s ~as persuaslve as poss1ble. Q?u can assume

-~

that a larger change requlres more enérgy than a smaller cﬁhnge does

[

Aruitoxt provided by Eic:

. distant place. 'There are two main ways’which are used by African'

B. .. LFlnd out 1f the’rest of the class agrees w1th your answers to.

1.

" the following questxons:_' tT

X 7 et N - - Lt e st s o o e e it + . P
'l.'“UIn'your‘preliminary activy tles,,dld you f1nd that 1t\zas
- possible to make any change w1thout uslng energy 1n some’
. formz : :

C2. Dld you f1nd thatr&t was’ poss1ble to use energy, but to
) get no change at aliz = . o o

Part 5: Eléctricitx-'-. ' e

A. Electr1c1ty 1s not a form of energy, but somethlng whlch allows
" - " . ;.ff.:w . v KW . . . g

energy’ changes 1n Bne place to - cause changes 1n energy at ‘a

o

- v

“countrieées to. genexatd electyicity:

;

1. Hydro-electric power “ . .

.

e o ‘ . g . LRI . . . } L R
++* Water behind a dam flowl downward into a turblne. The?',a L

i 3

flow of water causes the turblne to rotatc llke a fan

~

WL
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- This turns .a sét of wires betWeen.magnets_which.causea
'electricity‘to flow“in the wires; This flow of electr1c1ty

- can. be transmltted over: great dlstances through w1res and

‘hf*”“’ag: can make changesiat its_destination. AnalYSe the change
in form or. energy in the above process,»startlng w1th . R
;:. \b‘\ . ’ . '
 “water behind’ thevdamif~\\F; _ . : !
2.. Burning Fuel « - W . \i\\\;__u,x' .
J“OL;f(sometimes'coal) is burned;and heats'water‘tolsteam.]'
A : .o . . o
N _The steam turns a turblne, and ‘the rest of the processes.”“
: follow as above.yf' ,‘_ﬁ CE L
By Thinkiof‘change53which involve electricity, and ask other. members
B0 of thefclass'to'ahalyse the energy changes taking place. For. .
'*_"exampiej”electricity may be‘uSed‘to=run_a fan or to light a house’
) ' . ' N . L, v. 4 ...,_ ' o '..‘.‘:.)‘ ‘\. . ‘; ) ) X
R s L : s
. =4 3 .
) v ) - L ".. Ak Y T
cnpPart 6:. When Changehstgps, What Happens to. Epergy° o
'h~A;._. Turn a- blcycle wheel rapldly, then stop 1t w1th your hand or-
_ the hand brake. .What‘has-happened;tO'the kinetic-energy of
the'wheel? ¢~.
B. ‘What happens to the orlglnal form of energy in each of the A
: *follow1ng 51tuatlons? If you don t know, do 1t to flnd out. e
P D heavy block of metal slldes down a ramp.’ o
2. A heavy plece of rubber 1s stretched and released a
- ~number of times. . ‘ e
S 3. :Aiscrewfis screwed'into a block of wood. SN
';4%‘* Grass decays.
5. ‘-Light,fromfthe"sun‘strikes an object. ‘ ﬁwi— o .
- e e st S B e —— pus - ——— - . e .r;;.\ - - -~ P vrnms — -
; 1_1&

RS




"6.”'_Avbattery'is'short—circuited.

The.above examples'were chosen so that the7change may be detected. N

In many other s1tuat1ons, the flnal form may be produced slowly or lost

so rapldly to the a1r that. 1t may not be detected easlly

- Part 7 Energy Changes in LlVlng Systems o _"'///f

”A.f ' Plants grow. Thls change must requlre energy. Consider the

followlng questlons concernlng the source of energy for the growth
,p . . . L R o <

K

. of plants,4and what plants need for growth -You'may already know the

'answers to %any of the questlons. ~If there dre any questlons for whlch .?

. ol
. . . . . . . - . L T . L
K k1 B Sy

=
you are not tertaln of the answer, or 1f th IE\lS dlsagreement- deslgn

-~ o - ,_,i;'

“\and carry Qut’an experiment'to-get theﬁanswe\.?\rou should remember-to '

e : b s N v T o . : - ' "

use a‘“coﬁtrol".for each?experiment

This ’mearis__\;-i-that if 'you:want to'

test the effect of condltlon A on ‘a plant, you must have F-ro least two 'J¢f¢

plants,‘or preIerably two groups of plants, one\of whlch is treated

- R A —

with condltlon A whlle the other i

S A N
. The two sets of plants mustr_ L

: be treated exactly the same, except for the p sence or absence of:: .,' -
condltlon A. R yﬁ K
prerlments can convenlently be - carrled outNBQ\\:an seedllngs, wh1ch ;
germlnate and grow readlly after the beans have een“soaked“overnight
jln water., Groundnuts also work well but take longer to germlnate._
1. Whlch ‘of the followlng are necessary for plant growth?“':'~
a, Heat R T '_ n /_ S L N
'b.a”Sunllght o R s e
. c. Winhd = - S ST T
* 4. Water - - ' S - ' : - o
o ' . : : & S ' : § v
4.1
. : ¥16
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N S . ‘ : ] g
. €. . :Alx (Are certain gases found in alr, such as -
# carbon dlox1de or oxygen, needed°) '
’¥ff “lSOll (Is. soil itself necessary, or just certa;n R
thlngs in- the soz_l'> Anythlngawhlch m1ght be: . - .
present in sand, .for eyample,'can be removea by Ny
b01llng it several times with water, and’ pourlng oo
;off the hot lquld each t1me y
el 2, 4'Some thlngs may ‘be neces ey for plant yiowth because they S
S provide energy. Other things may- be 'néeded for.other .
reasons. ‘Which of the things that you found necessary do -
° » you think. ‘provide energy°‘ Can you get any eV1dence to i B
S -support your‘conclus1on? T - :
. - L ST TR : o ‘ e
. B.. Animals_grow,‘and therefore,requireuenergy. From‘your own
- knowledge, whlch of the follow1ng are needed for growth? Give "
b eyamples to support y0ur conclus1ons for each case.
g a. 'Water \
b.. ‘Sunlightf SO
¢. . Heat . ' ;__‘.
a. Aip (certain gases?) o
4 ) . R .vq'u t N .
e..gFood ; ‘
¢ - T i L . - L e R e B
_Whlch of the above prov1de energy'> Whatfdifferences are theré& between S e
plants and animals in- the1r sources of energy for growth° 7
. . . Sk ,Lc . . .. . P . -
ot . C. How do plants and an1mals use energy'> Fxrom yourfown‘experiments ”g.
el L @ ‘ . ) _ g ‘ o - .
o ' vﬁand observatiOns,'state whle~of the;forms of'energylwe have
discussed are involyed in the 1if and growth of erther plants‘ T
. o . L @ v b Lo
animals or both. lee at least one example of the/use of each form of
: y; "r_ - energy. For?examplel_the movement of animals involves «kinetic energy.
S : yhbo”plants'also move? )
£7vﬁ o : D. . ,aneitigate one"orvmore‘of the following systemsi
1. Qgiilng water T : ) L e - e
2. .. Boi 1ng an‘egg or some starch o I o - 4
o -
Dy 4 . C . i . ;
117
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E : | : | G 10'9 _/__//O.. - ' ,
Mutuf t' s C . : * . ‘ o
0 Tldes S | ;"”:'. - ) : SR .;. | ,’“:
A Web belng opun by a spider ot
. - A termlte moand belng bUllt

3

4

5

. .6. A seed germlnatln’r o !
7 Larva - pupa - 1magu
8

¢ .

Rocks - pebbles ~ sand

bviry to;get'evidence~from each system which would allow you.to> "..'5
 answer the:following questions:

~a. . What changes occur°'

I,ﬂb}E-Is the changlng system 11v1ng or non~11v1ng°

. What thlngs 1nfluence how fast the changes occur" ' N '

Do the changes requlre energy7 :'_. ﬁ;

T S O Gy Sy
Q‘I O

h ;Q‘, Qjo, ;lj‘ e;‘:HQY ‘do the changes_you observed differ'from growthé.? \.
: ‘%art é: .Questions for Teachersé' :\ . | ?gv. | ‘w : hb ‘
i,“; ‘TM Dlscuss the follow1ng questlons with>others in.your classl o Ldf
l,‘ Is at easy to deflno ‘energy”?'?HowICan you~def1ne it?, f;; _
‘ 2.‘.What would you do 1f a Chlld a;ks,-“What :is energy’" ; - yf. e
| «-“NB. :What do you thlnk that a class 3 pupll understands byQ
eneré;;? What" does a class 6 pupll understand? ‘. -ﬁ‘i'f' S aE

4. 1Is 1t useful for a teacher to know ‘about. energy’J'Why? :

-
N 5 . v';"

“E{:f j:~a' ' iWhat should he know°

‘ ' S. 'What should an. elementary school pupll know about energy? -
! ' U fWHat w1ll he flnd useful to. know. about energy after he
f'has left school? ‘ K
EKC S
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e Chapter 4: Mot~ n
L 1. . 'Introductiop ‘
N Motion can(be a rich, varied and interesting area of scieﬁce,to . g
-

investigate. It doesn't matter at what pOint you start -the study can -

Qlf\\ » : lead’from one pOint to another in a’ complex and interconnected way i
*?“”ﬁ‘ \fonghe-;ig problem is where and how . to begin ;" o o
= ‘ e E '_-“-v . o
k LT Instead of telling you'where'oréhow,to begin, an account of how
= B ' S v SIS DU T AP : L
o ’foﬁe.group.of,students“tackledmthe tppic.could,serve'as'aiguideliné:r‘["mﬁjw*fiﬁ%ﬁfgmf
Howthey got started oo
| Y The first time the group met to_ onsider this topic the tutor.in ' }
H‘charge had nothing spec1fic in mind ' ‘ He. Simply asked the students; ; -
what Ldeas ‘they about what'could.be.studied under the‘general titleﬁf
;ﬁkotion;; _To‘begin with the stuaents were rather shrprised But after i
-a>while1theyfslowly‘started to come forth'with.ideasyw'As each idea was "

—a

S .F”mentioned the tutor wrote,it on‘thefblackboard;“ For example, E

Animal motion,. -~ fishﬁ flogs, insects, snakes, leeches, etc.

.. ] e . v- . . .> . . ‘ ) . ) PR »i‘.;
A Motion by.machines, --’cranes, . goats, catapults, tops, swings, etc o ’

A:.L a ) T L. °. . PRI <

s

- Soon there was ‘a long llSt of ideas ‘on the blackboard that could

T "'¢ be studied : When the flow of 1deas stopped tne group was«left w1th

—e H

'the problem of what to do next They deCided to spend some of their

p

free tlme before the next class collecting materials that could be - , P

N ‘s . [,

Usedito,study some'of.their'ideast They then spent the ‘rest of the

lesson organis1ng themselves into gioups based@on what people wanted ’ 'f*

N,

‘to_study.‘ They disdussed~where varidus'materials\could be~collected, e

Aruitoxt provided by Eic:
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'gatlon.' ,.;_ - "_'y.,é-"" y l o ‘ [ﬂ:g I ' ,,h:lflﬁ

pendUlumsil.

;3camemdeeply inyblved‘with*trying to'show that when animals move’they' L ;xﬁ)}~

‘of the patterns flSh leave as they sw1n1@ They watched the tracks '5
;_beetles made as they walked on the powdered clay Together w1th a

"small group of ChlldIED they played games walklng on sand and watchlng _

.- 112 -
How the groupvcontinuedf’flz- < S : o B
TN L o S Y -
The group that had-decided to'studyvmotion in animals went to ..
" a local river.. They returned with:.jars containing: fish,. leeches and = - -f%]:'

¥ . , oL ' - S . T
a variety of water beetles. They spent the rest of the period setting

v

upiaquariums and‘observing their animals as'they moved.
others collected materlals for maklng catapults and slings’ and ll

spent the lesson maklng a varlety of these ob]ects for further 1nvest1~)

One’ group started_to'make_model boats,_another*group model~cranes;
a thlrd group made tops,~while'a_fourth'group began to investigate
S

¥

As-eachvgroup startedfto_work with their materials;_they:began K

_ to meet unexpected problems and.to ask questions.. Work continued. for

some 8 to 10 hours. ,:For example, the group'working,withAanimals be~

4 . . . R -

_push backwards - They spent hours unsuccessfully puttlng clay, palnt

and a Varlety of dyes in water to. see 1f they could ‘observe any tracef}

B TR - ‘e

‘\ .

¢ ~ .o 2

———
»\WN_W

ERI
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of two~groups,of students is described below =~ the group'fnat,WOrked

N

I

Eventually they bullt an enormous- balance made of bamboo | that.measured?.“

how much people pushed back on the ground as they ran, jumped hOpped

o
9 a4 ‘ . 4

‘To give a better idea of how each group uorkkd, some of the work ‘ R

4§ . R . . . .o . ' ~

) f
. e T R

C ot
[
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~with pendulums and the group that wonked with ‘tops. ‘.~ T : e

A. Exploration With Péndulums

Excerpts‘from report of Group A: DESplte the simplicity with

et

'whlch lt can be constructeu, the pendulum 1s an. unusually fasc1nat1ng

t . B '{' ?

-and complex gadget Many standard exploratlons of the pendulum ex1st

in phy51Cs text books,-and these would form 1nterest1ng exercises.

These lnclude- L L
€ 1) The'effeot;of length on. the perloq of . sw1ng.‘ » o
'2);_The_effeot of amplltude on the perlod of swlng ,;.Q N

3) " The effeot of thelyelqht of the bOb on the perlod of swing

C4)e Theiyse'of-the pendulum as a t1m1ng deV1ge. e c
A more complex 1nvest1gati0n is, "How'does the Speed of the. Pen-
& . . . — = —

dulum change from one end of the swing to’ the other?" .

The basic proplem is, how can. one’ get visual evidence .of any

change in speed?'

One thlng can be establlshed ‘on a logical bas1s, namely, s1nce‘:7

9 ¢

-the pendulum starts from a posltlon of rest and moves to. another

e

FPOQlthn of. rest 1t 1S reasonable to say that the speed f1rst 1n-g;‘x :fQNu;
creases to ar max1mum and then decreases to Zero. S

It also seems reasonable to eXpect that the varﬁatlon in the “ ot

speed of ‘the pendulum w1ll be symmetrlcal about the. mld—p01nt .HoweVer; R

_the tendency of our results not to be symmetrlcal about the mld—pOlnt S

‘ : B N, o

provided,the central problem-of<our.investigations. L - \\ S
.- . A <

« The@attempt to get Visual euidence of the variationfin speed \§ . _ o

uSLng easlly avallable materlals can lead to a large number of 1nter— N\

estlng problems as the fuI] report of the group that worked on thlS

PAri e provided vy eric TR DO P U . Sl e . : R “ R o -~
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'problem.showe (A report wrltten by one of tne_students 1n *hls qroup»~—-»nw««—“-

Con51der now the four problems (mentloned 1n the report of these . - _éz

e

,;“" o students) concernlng pendulums. For each problem, de31gn sultable _ ey

v .
[

experlments whlch w1ll glve conclu51ve answers to the problem

Whenvthese students de51gned an’ experlment and collected data

to flnd out how the Speed of the pendulum changes from one end of the

'\‘.-. 8

I

sw1ng to the other, they dlaCOVEIed that thelryresults were not sym—;f

metrlcal about the mi = k thiSHWdS SO?h Deéign'
o N . N ’.-..: A ’ - rJ '; - ‘

AT . . 5 - grbea

nz\your own eXperlment to lnvestlgate thlS prohlem HOW do your results

e compare w1th He results obtalnediby"these students°
’h,motldn of the pendulum7 For example, how do you thlnk the pendulum 1n2_.:,?
P hFlgure 1. would move when released° .
2 y - .
< :,l ('

Figure L. Compsund péndulum.

... . Mahy of the questions_asked about the simple pendulum can now .

be investigated with regard ‘to*thieucompound pendulum. YWhat:néw*“%

- . - o o )
7 “ ' ~ . A
- - . n 4 E
\ AT :
s ! . ) ' : n
. e . -
, - - Y - % .
a , .
.9, , - .
2 4 1 L LT
. - A
- L. - [ Co
< eA ' a A .
v ] M .:;l R . - w
O
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What do cHildren .think about pendulums? . ‘ - e

- Studies of"children's ideas abqut pendulugs have shOWn that

children:in.the age range of -9 to "14 yeare often have a'ﬂery complex

COEN

eystem'of concepts about motiong; Many children. have a great deal of

direct experjence of periodic motion through swinging on ropes and’
. various kinds of swings." , R - .

g _ 1 © ' .Bring a group of children .to the.classroom'and provide them

with the chanceito play for 'a while with a variety of pendulums

S QU N "3 e e e e e e e

i R et bt o i i e i o e i S, e 5

After they have had ample time to become famlllar w1th the pendulum,

show them a pendulum behlnd whlch you have placed a paper background "

(mounted on a cardboard or blackboard) as in Elgure 2.

.

v

P I

/LCardbord for Hangng Up

ay . . .

Let the chlldrcn watch -the pendulum bob traCe out alpath through

”:an arc of at least 45° on elther side of the vert1cal p051tlon

' V You can eltler trace the pendulum path ahead of tlme, then :

s

‘-1 -~ -release the pendulum tnrough the same path or, perhaps you can thlnk

. a [

_of a method to make the pendulum mark 1ts path as. the chlldren watch

. . \

' happen when you reIease it. What klnds of 1deas do the chlldren talk,

3

ERIC
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about? Do fhéy talk aboﬁt/the speed of the pendulums? - Do they
mention the weight? Do children of different ages télk about dif-
ferent things? Let the ‘children make a bar graph of some of the

guantities ,they mention. ‘During this kind of exercise you will learn

v

not only something about pendulums, but also about how children of

different ages sée the world around them.

B. . 'Egplorations'withAgpihning Tops

Materials for ﬁaking tops are cbmmonplace} The activity bf

5
4

= désigningbgnd_ﬁéking BééﬁtifﬁI’aﬁd—éffiCIEnt*tops'provides many
opportunities fér developing skills in: . w/f,f =

i) détermininé what are the relevant Variables,rf.

.

ti4) quantifying, recording, and interpreting data,
iii) ”developing experimental techniques.

In addition, while working with tops, experiences can be gained
R -t ) h
that furnish a mgre secure basis for further rgading éﬂq~d?SQBSSiQH”M,,

Sl e e e e \ - S T - ‘m .
of conc¢epts such as centre of mass, symmetry, precession, inertia,
\ . - v
AY
*

- etc.
,One'group of students also explored some of these areas with
children. The experience indicated that the topic would also be: a

worthwhile area for younger people. vo éxplore;

. (gt
L “ ¢

Excerpt from an Account of Investigations on the Construction of Tops'

_ From tﬁe.data we collected on the above tepic, it appears that

the followihg'ﬁypeé of materials are suitable: for making tOpS;#gSOft ‘

. ) . T .
wood, hard wood, plasticine, wooden spindle, candle wax, bee wax,
—small seeds, palm kernels/nuts, hard séeds, small nails.

. : : -

. : o o

191

.,‘

.
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s

Obsérvatioﬁs:v., o - S )
- - l.:gfii)' Soft wooa was easy to:worﬁ.with bﬁé the pith) being very
| soft, could ﬁot supporﬁ‘metgl points ;nserted_to facili—
tate smooth_spiﬁning.
S ';ii) " Hard wood required a.lqnger timé to work with, butlwés‘
SO o ;_fmere soiid in form and could support metél‘boints_;ﬁsgrted
N | : . at tﬁe.base,. | C
iii) - éalm kefhéls Qere the most difficult magerialsito work
. ’with bécaQSe they required a lot more tiﬁé.and skill £9
. ‘ shapé aﬁd driii in'order‘téjméké aVQeli;balanceémﬁbé.i )
- - _ &
T n becéuse ;t was easy to.handle, to shape, re-shape, fix a
- o ” spindle in and a gpinning base.
=4 - . ’ ’ . ’ o,
?: 2. 'The‘amount of wieght placed on a top - has a definife effect on
o its performance.: B : ' B . : e S

3. The position of the weight on the top affects its performance.
4. - The shape of a top affécts its performance.

. 5. The.kindscbf sq;facé on which a toélspiné %ffects its pe;for—*
n . mance. | .. . . - _ _ ' :f_ “ . v}
- ) 6. ?he_ign;fh of thefséindle affects,the.éérformancg of a top.
W:T; o 7. . The sizé.of the spindle must bé,in pgopprﬁion‘to the size of

b

{:*; N . the tep. IR

Conside; §gain the observations madé by this group of

S R P . _
‘Design. experiments”which will investigate each of the seven state-
' ments or observations they have made. o b

H : . ' iv} + Plasticine was'the~most_simple'materiél to work with

E[{I(j I - .

Aruitoxt provided by Eic:

students., =



. - 118 -

(S

What are some: of the con51deratlons you might make in de51gn—
1ng your exper1ments°
concerning a spinning top?

For example, what measureménts will you make
results?

What other condltlons mlght affect your

What do children think about tops?

Present a group of young children'wlth a variety of tops, and
the materials from which,they can make tops .of thelr own
. observe how the’ children respond.

Agaln,"

Are they already famlllar with the .
concept of spinning things?

!

What 1deas do the older ch11dren have

, A o
that -the younger children do not yet have?
\learn{from each other?
\

Do the children tend to
Every observatlon of a group of cnlldren
worklng, oxr: ‘playing, - is lrable to give a deeper insight into the

i

\

development of chlldren, thelr‘special nature and their spec1al needs.

\
.

We have ‘now. con51dered brlefly two kinds of motion =~ SWlnglng
motlon and splnnlng motion.
" of?

What other klnds of motlon can you thlnk
¥ at\other problems concernlng motlon can you think’ of?

For

-
-2 ' ' '

examplﬁ what happens 1f an’ object is both splnnlng and 5w1nglng at
the samt t1me°

The reader is encouraged to design;his or her own experinents
e . v\,
that will give

better understandlng of dlfferent klnds -of motion
under di fferent c1rcumstances.

At the same time, a,primary school
teacher should always keep-in-mind- ‘how - these 1deas are related to.
work;ng vith ypung children.

-

O

ERIC
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It often is!

“amohgmthehyariety_of,na;ural,phenomena~that'take“place around us.

as much .as. po s1ble about those areas of interest chosen: for study

"1197

Chapter 5: Relations and Functions

Introduction

s - . . . CIN -

We often notice that when one thing happens, another thing seems

to-happen as well. For example, most children learn.at an early-age3

- that when a female animal has become fatter than normal, she may- give

, T
birth to a baby animal Or, in some areas people say that when a cer-.

»;~tain kind of ant is on the move in long columns, it‘is a sign-of.rain.

L 4

- ~

Such observations of "events" in our surroundings make us suspect,

A

that there is some connection between two or more events that take

place. One of the most important parts’ of sc1ence s the search for,

'g these connections. The series of actiVities that follow are meant to -

“"help you develop effective methods, or tools, for finding relationships:

These relationships often give us valuable clues which help us to solve

a problem in waich we have become interested. -

Several simpIe investigations are suggested’ However, the reader

is strongly encouraged to watch for areas of study which he or she

finds particularly interesting " The - reader should then design and
carry out SpeCific investigations which will help‘him or her to learn_wwmmmﬂ,HWAr%¥4

e . ) oo -

'tIn mostncaseswsueh~investigations must be designed by the person -

oxr persons who are gOing to carry out investigations. This des1gn

includes asking the proper questions, deCldlng how to collect the ex-

.perimental data, as well as designing and buildingior collecting the

—I‘
v ,_.'L...a H



- 120 -

“
N

- necessary apparatus. " _ » ; L

ExPerimentaivresuits‘obtained during the course of the investi¥"‘ b

gation must be anaiysed in order to begin making tentative conclusions

about'the‘prcblems,we set out to solve. A careful analysis of the

- experimental data and situation often leads to.new problems to study.
Solving problems  in a Scientific wa§ should be seen as a ccntinqousn
proceSs in which each persor should partic1pate tully. -Thus, rather-

- A o -than being merely a study of the achievements of others, sc1enue edu-A

cation can help‘ps to acquire powerfui_tools to use in the prccess of .

scientific.problem solving. ) . '> . o
] -~ : ~”" } )
' Activity 1. Relations Between Sets of Objects

f

FollOWing are three examples of two different sets of objects.
Collect these sets,of ijects'according to the instructions given
S >>r;«;vbeiow.-~ln each eXample, can you see any relationship between the .

'

members of the first set and'the,members of the second set? o
» © A, ALeaVes and seeds. . C I
a Set 1. Leaves. Collect a large‘qariety of leaves found.around
your schoci. Bring“to_the\classrcom only*onevsPecimen
NP h' - of ‘each kind of 1eaf in your_ collectlon e e T T
N R ' Set 2. Seeds;% Coliect a large yariety‘of_seeds found. around
your schccl. Bring tofthe classroom only one sp&zimen
. of each kind of seed-in:yourncollection.' B
= 3
2 Al o
B N \ .
7 . K \..
i s '
S i . 128
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1
1

BEE Ny
.
.

B. . Flowering’plants.and flowers. .
Set 1. Make a'list of the flowering plants growing near:youyr
school. :

3

|~ Set 2.. Flowers. Make a collection of the flowers. from the

plants of-Set 1. Bring several flowers from each plant

L B BN g

to the classroom.

- C.. Flowerlng plants and insects.

.

" set 1. Flowering plants.t Make a list.of the flowering plants

|
-
i

_near your sdhool;

éet ?.:.Insects. Observe the insects that feed on the flowerlng
:plants near your achool . Make a llSt of. as many d1f~
o ferent klnds of these insects as Doss1ble;
- - : How many oiffer .

ent klnds of relatlonshlps do your fellow students/

-teachers see? Do ‘they agree W‘th your descrlptlon° »

R R B P S Ry
H
¢
“

How did your relatlonshlps dlffer in examples A,-Bp and C?

Can you flnd an effectlve way of descrlblng each ‘of the re-

Y

latlonshlps you have 1dent1f1ed by means:? of a dlagram°f

. i i E
-

Dlscuss the answers to these questlons with your colleagues

onm such a dlscusS1on nay emerge ‘a system of- class1fyln:—the klnds

of relatlons whlch .can- ex1st between dlfferent sets of r*"*“Jectz.

B o Three more examples of two dlfferent sets of object= ara th

e
'lollowrng N
) tﬁ; V Cnlldrenmln two dlfferent classrooms
. ; ib S=t l.‘ All the chlldren in the flrst ciass of a m==rby . - -

primary school.

ERIC

Aruitoxt provided by Eic:



A
1.
i
Py

Aruitoxt provided by Eic:

JF. - ' students and activity clubs. I

Set 2. All the children in the last class of a nearby primary’

school. T L

«®

E. . Students éna tﬁe;r home diétgigts.

Set 1. Let Se£ 1 ;onsist of all the:students in Ydur_Class;
_Set 2. Make a list 6f all‘the a¥eas of the cduntr§ (prinnces,
or diStricts}‘é;c.f from whicﬁ.studehts'in yoﬁr_élass_.

might come.

Set 1. All the stﬁdents in your class.

Set‘Z. Make a list of all the adfiVity'clubs at:your_school;]

In.each pair‘qf'sets‘héw does7ﬁhé relationship between théjmembers

- ‘5fl the two sets compare with the relationships you identified in .

- examplés A, B, and C above? - I .

o

How manywkinds‘uf'ﬁélationéhips h;§é you ﬁow identified?

‘Make a list of several examples of each kind of relationship

you have identified. Havé you changed Y6ur system of classifying
your relationships?

One syst=m of dlassifyinc the relatidnships which can exist

[

“patween the members of two difféerent sets is the following.

One-to-cn= hapéihg.',Cozsider the following circumstances on--

.. Y .
L : -t oo

carning a certain primary school. ',
1.  There are seven classes of children in the school, a=d

..Seven teachers, one: teacher assigned to each class.

2. {There axe .30 ;ﬁildren_in éach“class, and 30 seats’ iz
each ciass::b Pne‘vﬁuh_fﬁi~ea¢h childb'
.. e : ., o . Ly

, - e .l



his or her classroom.
.S o I

o= 123 - ' AN

Here we see two examples of a connectlon between two dlfferent
sets of ob]ects".’ In_ 1. ,how many teachers are asslgned to, or cor-‘
respond to, each partlcular classroom° In 2. ’ how many childrén are

assigned. to, or correspond to, each seat in the- classroom°_ In“both

cases we say; that there 1s a one~-to-one correspondence betWeen the

members of the two different ‘Sets.

A
i

_Another~way'of\speaking aflsuch connections between the members
of two dlfferent sets of ob]ects is ev1dent from the dlagrams in

Flcures 1 and 2 In Flgure 1jﬁa‘line is drawn from each teacher to

2

( . e

v

/ B R B
Yie F&"nM 2.<

ccliss T

Mer. Toh nsan

Cless T

ﬂ|;5 ﬁ:u‘qu
/

Hv.-“'Ponz"o

Class T |

Cless I

ERIC
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o class*ooms ;
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N - 1

I

~ - i

- . : Thus we can say that there is a mapping from the set of .
teachers to the set of classrooms. Similarly, from Figure 2 we can
‘iig - say that there is a“ﬁappﬁng from the set of children to the set of
seats”in the classroori. * As you might expect, these are both examples
b of a'one*to—gneimapping-'
\‘l.\
AN
: ' Figurs Z. Mapping of a set of 30 children on to the z&* '
_ . of 30 seats in the classro=m. L
.\
~ ) . R : N ' :
- S . Werz any of the relationships you idectified in the pr=v:iocus
e ’ .". x. A ’ . ) .
ezamples S this typé? What changes could you make in the sa=s from
the previcus examples,td\@ake-a one~to-one mapping possible?
i - e ) o LA . < o , N ) .
Many-to—une mapging:\\Let*one-set be made up of the children in
R '\ . : . -
. a certain village; and the secang set-of the fathers cf thoss
children. How many menbers of theiﬁérst set (the children' :uight be .
7 - v
assignaed tc sach membar of the second\éet (fathers)? How many members
. - : o N _ o ,
-,.‘ o . i . ° . . 1 3[“ -
: S L ' St . \ . o
. _ . S N _ ‘

Aruitoxt provided by Eic:
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© of the second set might be assigned to each member of the first set?

=" . 1In this case we speak of a many-to-one corr@spondence between the two
L . N o . )

sets. 'Or, as wWe see.from Figure 3, we can make a many~-to-one mapping.

- Set of Ch‘il&rcn. _ . Set of Fathers ‘

Fizure 3. Many-zo-cne mRpprog betseen the se= of children
b ‘ and = set. o the=ir fathers. o S

Manv-to-many ma—=ing. Consider now the mzpp:mg of the set’

which consists of comrmn diseases found in society :> the set whose
) ’ - ” ) ’ : C
members are the -inhabirants of :a certain village. ’:an,yqqﬂekplainﬂ' 2T

_ ..under what circumstances this might be an example cf a many-to-many .
& oy

mapbing between two sets? Draw a,suitabléfdiag:amm

- o o ‘consider ncw. zhe relationships vou identZ.i=Z when épmparing~t5e '

N

ll : - pairs of séts in th= previous.examples, includinmg-zhose exampleé fur-
I /* nished by you.: Do they fit intn the categoriés of one-to-one, many-

-tb-One-or,many;tbemany mappings? If not, how might they bevchanggd

L%

¢
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so tha, they do°\~Aga1n discuss. these questions.with your fellow

students. v e

-

Try to think of asg many examples -as you can of the dlfferent

-’

kinds of maoplngs. Draw your examples from a-variety of different

fields of interest. For example, consider :the marriage laws in

different societies. How do marriage laws in a soc1ety mqp" tbe two
; z-

'sets, male and “female, w1th respect to marrlage

.uf‘ferent kinds.

A, . Patterns of Growth:of.Human'Beings

Lk

“A thorough understandlng of the ideas conneceed W1tn mapplng

betWeen dlfferent sets of ob]eCtS W1ll help to understand more compll—

'

cated relatlonshlps met in further sc1ent1f1c StudleS of many dlf-'

i
!
i —
6

|

i

i

i

> . !
C

Activity 2. Relatlons Between Sets of Measurements

"3 Another type of maoplng Which is often useful is the mapplng

-

between two sets of measurements. Follow1ng are Lhree examples of
sets of measurements between whlch we mlght establish useful relatlon-

ships. In each examplea, Watch for questions which might lead to

[

further investigations of the area of study concerned.

-

[

Perform the fOllOWlng four measurements for yourself ‘and for
several other Deople of d1fferent ages, 1nclud1ng small chlldren

o«

. Measurement 1.. Spread your hand as wide as you can. Maasure
)

‘the- dlstance from the tlp of your thumb to the‘

t1p of your llttle flnger ’Call th;sA

15
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distance H.
ca Measﬁrement 2. Meagure.the Iength of' your legs'from the tip
- - of your foot (with your toes stfetbhéd down-~
. ’ : ' R Lo -
 wards), to the top of your thigh. Call this .o
LT T M. - distance L. o o B
. .. Measurement 3.: Using a piece of string, measure the largest -
| circumference around your head. Call this -%
\ distance S. : .
" Measurement 4. Record your age.
.k‘ . ’,' o ) . . - R . R o

- - When@you haYe performed these measurements for several people, -
. ., ) o ._.‘ R /" . o . . N .
you willrhave.fo#rxsets'éf

measurements among which you can’attempt
© to estab;ish véqiouéfrelaﬁionships.:_HqW_cah ydﬁ;méke‘a one—to;ohéf

: . '« v» . ’ }/'1“.4_ . ) -‘ . . , — ) R
~relatignship, oﬁ mappinyg, between .any two sets”of ‘measurements?"

— . o o NG
 ; o ‘_ .‘ 1(j; - é\\ _— o

<

o
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w7 this graph help you to dlscover nore about the relatlonshlp betWeen

{.:f\ .'and a ten_;'year old‘child? T - U

sz 128 - ' ‘ R S

. . 7
- . ‘. N P
4

What do thé~relatlonsh1ps you have establlshed tell you about

I3

the process of phy51cal growth of a pergbn7 For example,.what‘is—the s

relatlonshlp between the mea5urement of S, the circumference of the .  ~_.

3 - . ] -

'_ . . |
head, and the age of a person? S ° : N
: . K ) : ' < A
You can snow your relatlonshlp in a useful way by means of a T

'graph. For*example, -make -a graph by plottlng the value of S agalnst - .

the correspondlng age for each person you have measured How mlght o ’

K \

,.

head size and.age?.’ -~ o ‘ S F-,ff
Or; you. mlght plot the value of H agalnst tne correSpondlng value -

of L for each person in your sample. How mlght ‘such~ a: graph help you "

. o . : § L
learn'more about ‘the relatlonshlp between H and L’ .'"_' - e ﬁffgé
- N e ' . T A
Each value of L can be d1v1ded by the! correspondlng value of H.i_ 'fZﬁ
Ler us, call .this ratlon of L/H by the ‘new . label R. Supposefyou'make‘a'. g ;~?€
‘ graph by plotting R against'L.» What does this. new graph tell us about ".hv ;42'
‘w;mz S the relationship betWeen L7and H.? How is th1= graph related to the

lff;'%““‘PrEV10US“graph{’ ' v'p ?f . - ”-.-gf;—'—-—~fa44el——~/-;~;;;ia.~jr;;;;r

- | . What.arelsome of.theiquestions_that occur.to you Canerning'theséf

sets or measurements? ' For example,

2 N i .
. )

':How‘dqes“the_process of growth differ betyeen an infant,

' Does everyone of the same age grow at the same rate?
_Do all parts of the body grow at the same rate°
What would the reaults be of slmllar measurements made_

. of dlfferent klnds of an1mals° 1
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L L ‘vvrv' : ST
‘By increasing the'number of individuals measured‘in your an@le,

. FE R -“- i -

you may learn more- about patterns Qf growth For nxample, you may f1nd

that the measurements for some 1nd1v1duals dlffer cons1derably from

' f\_'.; . .

"the average value.-,Or; in some/ cases the measurements for a group of

-

1nd1v1duals are, qulte dlffer

S Aw//// e

S encouraged ‘to tsé his - or’ her data as a start1ng p01nt for a more com—,

t from ‘the usual pattern. The reader is

ot

m»-prehens1ve study of the grow | patterns of human;béingslas wull'as"of'l,
- A JLew FERTS OF ahman: ‘ v s .

~ other living things.

;,,_",- | L o -

}10[ . . B.. - Identification of ‘Plant Species

Collect a large sample of leaves (at least 50) frOm a bush or .

:J

- tree. Measure and record the length and width of each leaf 1n your
}TH L, collection. Call the length L ,and the wldth W.

.‘.v .

What relatlonshlp do, you see between the length and the w1dth of

the . leaves you have-collected? ‘Make a,grapgfif_the length,-L, against
: R o L 7

e R ,the width,'w, for your set of measurements. How does thls graph help

you to ‘see more clearly any poss1ble relatlonshlps between‘L and W? -

v Each value of L can be divided by the correspondlng value of w
N " L . ] . . ../

. o ' ‘Bgain, =all.the ratio L/w by the new ‘label R. " Make a graph of RY
ICH ‘ Ll
R . _agalnst L. How is thlS graph related to- the prev1ous graph?® Does”

'tth graph tell us anyth1ng new about the relatlonshlp between L and

5 e

W? .

’ . - . < a

'sCollect'the same number'of.leaved’from another bush 'or tree of
fgfv. .. the same species as the flrst collection. Measure and record L and W

A " for each Teaf, calculate the ratio R,,and make aAgraph of R versus L

R

L ‘ as ke fore. How does this graph compare w1th the gr#%h for the flrst
[ o . ' C’:p’k‘o
. . Lo ', . .

D . o Iy Yoo :

“1“¢g oo : “ 137 ’f
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dollection? '%Figure'4 shows the results of such measurements for two
. Y . : .

- ’ different.Bouganvillea bushes, ¢ne with pink sepals, and the other
with white sepals.)

Now.cbilect.leaves from a similar, butislightly different bush .
- or tree. Perform tﬁe.samehmeasurements and make a graph of R versus
- L How does this graph eompare w1th the first two graphs'> .Tc what

mlght you attrlbute any | d1fferences°

'

How can such"graphs be‘used~to-determine slﬁght differences of

N

" plants within theksame species? Or bétWeen similar species'> i
Can you thlnk of other examples of propertles of 11v1ng thlngs'

that can be measured and used in, thlS way to determlne dlfferences o ' )
between or within similar Species? ‘ 'vt_

N

C. Detexmining Conditicns of Plant.Growth

Collect several samples of the vines' of "the sweet potato. . For

each sample, measure the distance between successive nodes. -Make a
graph of the distance between nodes versus the number of the'nodé. Each
. . N . ’ i

vine collected can be represénted by a different line on the graph.
Do all vines show the same pattern of growth?
' : - ' e ,
What pieées of information can such a graph tell us?

What explanations can you‘effer for the patterns of growth of

the vines you have collected?

Now cut the vine across at each node and measure the cross-
o N » ) .

sectional area of the node. Make,a graph of this ared versus . the num-~

f . . . . . .. . \

ber of the node, ,Again, can you offer any explanation for the re=

latlonshlp you have establlshed between the size of the node and. its

- \)‘

e
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Length 0‘f~léaf {cm, ) -—§

" Fiqure 4. The shape of leaves f:omuBougénvillea, measured in terms of the ratio of the léngth of

the leaf tokits'width}'09rsus the length of the leaf, measured in centimetres.- Points .
~macked with (x) are from plants with pink sepals, whilehpoints;marked’withu(o) are fron:
plants with white sepals. Both plants grew s;dehbysidé\g?der the' same conditions,

! : v ‘

\ .
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~ + ) 5 s .
position on the vine? = : L . - ot

‘,1\3.ﬁ N ' I Thls is. only an. example of ‘how - measurements of plants m1ght Yleld
o '1nformatlon about the condltlons under which they were grown. The

. ' : . ) ) . . . e .
ah o ‘ reader is encouraged to look for and study other Samples,of plants and’

anlmals in a s1mllar way

Gl o 'Activity 3. Looking For Relationships
' We have now seen several examples of relationships between sets
of objects, or'betWeen sets ofvmeasurements. ' We. have also.Seen how

re,

some of these relatlonshlps help us to learn more abgut ‘the s1tuatlon

belng-studled For example, what conclusions were  you able-to draw

' about the growth patterns of llVlng thlngs from'the relatlons you_ )
‘establlshed in Act1v1ty 27 oo ,\ o : o S o e L

Throughout thls section of the Handbook as well as'in parts of

.other sectlons,-there are a variety of science'investigations either . = . ¥

H _ - described or suggested. Examine.some of the areas of investigation
. . “ S . o o o . o .
to see .if you can apply the'technlques used in this chapter. to iden-

tify relationships between various sets of ohjécts Oor measurements.

— . . One way in which such relationships can-bevuseful is the follow-

ing. . Sometlmes data collected cah%he used todpredlct the results of
measurements that would'be.difficult or impossible_to obtain. 'In
suchvcases; presentinguthezdata_in the form of a graph often-makes it
easier to see what kind of predictions.can.be made .. For e?ample,fin‘
- Chapter 2 of this section,_Strength of Materials,'there are many v): : R

e

L ‘natural applications of the.technigues of graphing.

Aruitoxt provided by Eic:
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// made from data fhat has already been collected

,What d1screpanc1es hava

=133 - ey

a LlSt as many examples as you can of predlctlons ‘that mlght be" L

where possible, carry_

out additional measurements te: verlfy if your predlctlons are valld

>

Verlfylng predlctlons that you have made 1s an eeremely 1mportant

part of the sc1ent1f1c process. Dlscrepanc1es between’ predlctlons andm-

“ . -

-‘further Observations force us’ to look for causes of such d1screpanc1es.

you noticed between your predlctlons and

< ]

obseryations? What do you think caused those d1screpanc1es°

I t 2

ThlS search for causes of dlsagreements between theorles and

experlment often leads to new problems to solve. Can 'you’ thlnk of new

questlons that were ra1sed in your mind because of such d1sagreements?

ThlS 1nteractlon between theory and experlment 1s what makes the pro-’

,

‘cess ‘of sc1entlf1c'enqu1ry cont1nuous and open ended

2

hE

v

8%
T
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SECTION TEI
" sumnary :
‘This sectiéf has shoWn'seme;exemples of- topies—for iﬁééstit““*“Tf
. igatidn by stﬁdente means of the enqulry or discovery epproaeh
g Each toplc, or chap'er, vas descrlbed in & manner whlchfempha51sed R
T a ?ertrcularﬁespedt ofva-scientifie.rnveStrgation; :Mostfihvesti~‘:
getions will'rnclude'soﬁefpart of.eéch of.the aspeetsttreated:ih tﬁe .
_verreue CBapters. ; .} .j : ‘; o rl o | '_'t.. g
The reader ieeenteﬁrageﬁ;te#leok"fer‘éndnievestiqate ésﬁméﬁ;  %
o ¢different;topice‘asipoesibie Whiehjteyvbe OEvintere&:n* T= would be o
“useful tolrefleet on;ﬁd? eechlteeet of a seientifi:uinvestigation-
1oc%uzsrin theistudiee'yoﬁ;tndertake;. Experlenxe ln::arrylng out.> ’
5. such =e1ent1f1c studles w1ll not only add to your :mmzzstandlng of :
i "the world but w1ll.also better enable you to prov1de opportunltlesb

-.forlchlldren to work in a 51mllar fabhlon.-
;r;- - s
‘ o ‘ u . . '
T ; R
~g'¢f‘ - - ;;
TN , . ‘ . | :
_ -7 o B . /
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.'eXCiting to do.science, and‘thathlearningAhow to learn and to solve:

) can,” has never conVinced-anybody. Most people ‘come to believe this v 5

" the opportunity However, readinguabout the workfthat.children have

| A
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- SECTION IV
N

ILLUSTRATIONS OF CHILDREN DOING SCIENCE

)

Introduction R RS

T o

' HaVing engaged in some ‘of the acthltleS in Section III, you

should be develcping some 1deas and feelings about what it is like

to work as a sci antist. HaVing done so, )you have'seen,that it is

problems is uzseZul. But perhaps you have begun”to ask‘the'question,

"Buc it'is difficult and can,children'work in this way?"

[4
To answer this. question Simply by saying "Yes, of course they ' = @

after'they have had personal expenience and seen 1t happening with .
. . , S
i . o .

theirgown eyes. Starting to work with children in this - style is the.
best way of finding out what children are capable of-doing-- if«given

[

done, though second best .can also he excitingfand‘educational_if

v

- their work is.read_carefuliy and thoughtfully. and one must~a1ways

wsmehber, as is discussed“in Section v, that children‘are children C T
1 . N

Wlth their own particular way of looking at the world and that they

are not miniature adults in disguise.
Thé readings»that follow illustrate'a variety of situations--
where children were encouraged to work as SCientlsts (in contrast to

being taught about scrence); Read ‘these illustrations carefully;
. s ) *

Then. compare what the children wefe doing and feeling, while they are -
investigating, with your own experiences when you were engaged with .
" bix ' % E . - v B o oy

s . : " . : Lo

¢ 4 " . . . st

i . ) . . . " 1

[ . J . N .
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"

woriviﬁ.Section TII, Thinkmabout the va;ue of smicouraging children
to wOrk in thieﬂway.
mhe flrst example is a booklet produced Er a cla\s of five and

six yeariolds,'who were Stimulatedhto beCome_iL:erested in one*garticu-]n
/ lar.p;ahtf The seepna is an'eetount written by = teacher and ter'claeé:~

of eleven year g_lde who decided to e_xp:lor'e thei Jjocél:en'\_fi_:éon.meﬁt, in’
;ﬂ , this‘ease#the'beach.bedering tﬁe fishingfviliagz whefeitheyAlived.

The thirdeis a repbrt written by a‘classqof elsxen.year olds far«in-'ﬁ
..land‘oh tﬁe.cherﬂsiée’6f;Africe. These‘children, unlike the ether

t;lasses; Wfote their report iﬁ[theirrmother‘tongue. The‘acceﬁnt.in

this book'heembeen'translated. )

Not all the conclu51ons reached by the chlldren in the thlrd .[

‘excerpt are-aetually valid or accurate. But they are wnat the, Chlld—

¢ -

—~ A ° \

cﬁ'Ahd have the.pupils'reﬁeat some.of their ebsefvations epdtre;
.ineitﬁeit cehcleeidns; to-see if theygchange"at a11,

Obvious and gross‘errons can then be"correétedvby_giseussion

(for the children ﬁaQe the beckgrotnd eﬁperienceuon which quﬁgee/
.fruitful dlecussion). eAltegnatively4 6r‘in addit@on,vthe ehildten
J;n_be*exPOSe te new situetiqne that will help them‘see more clearly
-ﬁthé«détails the< had missed, which led them to;making‘the‘Qieng.cone:~Vﬂ

clusions. ,

I

/

—_ . -a
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: School

, remained sensitive,

ously recordlng the reasdnlng behind each stage of the 1nvest1gatlon " % “ Nt

‘ "The\eensitivelplant" - Mimosa pudica’

THE SENSITIVE PLANT

Tower Hill Kindergarten ...  Sierra Leone ;

Teacher :  Mrs. J. Bill -

M
A . . /

Date : July 1972

The children (aged 5 or 6 yéars came: to the conclusion orally that the plant

* needed water to be sensitive. héy thought that the reason for the plant belng

oy
sensitive when its roots were 1n the gtound, and not when‘the stem was'planted, was
.. " ) T . ’ } O N ] / .

IE
1

». that the roots covld takepgp moistuté fromzthe‘soil which~thé'stem.was not able to

A
t

1

do. However, when inwatét,/the'sten could takefop‘watér and-the plant theteforo‘ - L
) . ‘ . ) ( ) i ‘ . ) Lt A“ |
/ . ‘ U , ' " o !

[ \.
This'aggunent was nof recotdea‘by the children‘because they found'itcdifficult-

enough to put their concl%51ons 1nto w0tds and were not w1lllng to spend ime laborl-
‘ ' '/
j
b, e,
It is interesting/to note that this little'inVestigation stafted’with\the interestv

of oevelal chlldren in the sensitive plants grOW1ng 1n the school playgrOLnd The tea cher

had absolutelv no knowledge of the plant, and not-until after the chlldren had come to C

'

thelf conclu51on9 dld'she discoven that.they_were‘in,fact correct in-supposinq that the

plant nseded water to dispiay it sensitivity, ~ -~ . : o

U . ’
L% v 4y ) ) o
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| \ ) v E oo | v .
[N . I ‘ .
! . .

R ) - v . . ) . . ., - L.



[mc

PAruntext proviasd by exic [N

an




We prekCd PIC?C@ W -
>ngvoorawh@1 "*h'
The e
Opén

K
'

" ' o ) . i L i .
li ' o . ! ' ’ v : . . Coen g ,:
‘ i 5 L ! o A . . ' : ¢ | . o j. b :\JW ’4»‘13
N v 1 ! . : . . . . . .
: ] : : ’ 1 - o W CLs -




[}
Py e
1

RS
l
.
;
o
T
¢
, ; . - < ) : C Y ;
' ‘ v ‘
. . ¥ \ '
' v LR -
. \ . 0 . .
| , N ’ . E v A . .
' ) s ol
"~ ' ' P
. N B B . R .
- . N o } G
. . . . .
. ot . . )
) e L ; s ,
g e . . . ' I PR '
: NECE K - o, ' ' . I ; R







-
/
tad
"
-
L}
¢
‘

Rl

L E—————

Yo
)
r
v
)

., Oft’le\‘ J'ea\/e -
~ho T 0 ot 5.

v
] '
) 3
s :
| \
‘ Y
' ‘ | |
‘ vy L
N ‘ o |
' 4 \ | m |
X ‘ ‘
1" \

"
v
0N
s
\
N




hovvaler T

- I
Ann
)

L
“FRIC
.

"

Wiﬂ'\ fjobTS or’







LI
'
\ .
" L
-
\
. .
\ '
.
.
v
o
. i
)
o ' P
“
o
K N
t . ' N
| . .
L .
i .
. .
:
. .
. . . . L

"

. Sier

rd teone

o
166 ,




_ or ariver or anupland faj

'Dunng the months of Ja.nuary and February my class .

six children studied thebeaches and sea at Juba, This
book is a collect1on of writan's, drawings and photo-
graphs of what they d1scovered :

As a teacherI have observed that childrentruly'learn,{ ..;,;-};' )

whenthey try to solvequestions which they themselves: .

ask. In order forchildren to ask quest1ons they need

a d1vers1ty of mate rials to arouse the1r cunous1ty and
. a sense of freedom to quest1o'1 and explore their own °

potential, * For my school the beaches provide the
materials. But it doesn’t matter whether it’s a beach

children will still want tg ask questions and find out,
Whatever is near the- school the children can study,
and because it is near the school and the chilo“ens

‘homes it is impe. 'ta.nt

. 1 hope the followmg pages shoﬂat the general top1c

" of beaches and sea. integrated many experiences of
- learning. The children found and.observed a wide
- variety of animals, They examined rocks and shells

- . and sand. They tasted and tested water- for salt con~
" tent. They counted waves and the flow of rivers and .
,‘talked to fishermen. The challenges were without

106

or aviliage market: the
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L : . The children knew much about the beach environment. " -
' ’ ' before they -began their study. The events of this
" unit encouraged them to find answers to-new questions.

They wanted to.learn and because of this they used and

“‘developed their skills — they measured, we1ghed :

. o compared and counted;” “they: kept notes-and.discussed. -

U : yj _ S ‘their findings. For me, their own eV¢1uat1ons and

' ' this record book tell more about the progress of the -
chlldren than. any wrltten exammatlon I mlght have, B
glven them : : ’

Most important the ch11dren had the sat1sfact1on of + s
d1scover1mz thmgs on their own The1r d1scove"1es' )
built - their confidence~ to look fuxther into what’ '1"'4
~around them, Th1s book is the result of the ch1ldren 5' )
looking and expemme‘xtmg, acontmuous mquny into
then env1ronment :

Ny T ku 3: Y\Amm(\
A N T T,eacher L -
' ' " Juba Army Rural _Sch}ool. o
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After a week of working ‘with the children a spirit of

. zeal and happiness canievver me. By thistime I saw
that the children, when left to themselves; can learn
many things. They no longer waited for me to give
them instructions. Instead each group of four chose
a.leader and the children kept daily records of what
they did.

At this stagie the children started making investiga—
- tions even after school hours. They often reported
~ their f:mdlngs in class the followmg day.

Daily the children became more curious about the
" environment of the beach, And daily my interest-be-——
‘came greater as I saw how the children were pro-
. gressing. Soon the children started looklng more clo-
‘sely-at tides and waves, water and sand, the nver

“and many other thlngso : o
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, I tried to askquestions which wouldlead the children to fur-
Lo . ther'inquiry. As the childrenwent on, newquestions started
5 ' coming from what they were studymg and from each other
rather than from me. :

7 Here are some of the questions:

What de 'he wa  "ring to the beach? I R
How does sand u: v¢ along the beach? . Cle T
" ‘Why does dry ~nd stick to my feet?
 Why is wet sand heavier than dry sand?.. N
~ "How far do you have to dig in the sand to fmd water?
b How’ does a crab dig a hole in the sand? :
o Why are some crab holes very b1g and some very small?
_;'How close can you get to.a crab before it runs away? ‘
- How many legs does a crab have?
' What do crabs do at night? :
~ Can fresh water fish live in salt water?
Can salt water ﬁsh live in fresh water? -
‘What ‘¢an you use to feed fish in thé classroom? ¢
What keeps the fish’s bones together?
- D_o all butterfish have 21_bones? A
How does a fish move in water? _ '
- Why can’t we. hve like fish?
‘What makes quamde—quamde stick on rocks?
T - *~ .. Where does the water go at low tide? A
SRR o S Is the tide high in Juba at the same time as in Kissy?¢
B ' Do waves make noise in the middle of the ocean?
T T " Why couldn’t we make the frésh water foam?
- - How much salt is in a gallon of sea water? ‘ b

~
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Near ourschool v livea fresh«wafersa o ngmed
Portoh Swamp V.. whasan ¢ oletto th a. The .

iildTen told ma,tha* Moy i sy, 2nbuals in this
Swamp ~ needleﬁshes, mudskippers, crabs and tor-.
toiscs. . g

S RS A “The day siter Samuel came t e withababy v ,
[ RN S . turtle, Hawa found a land tortoise, Isawthisasan. ., ..
. .opportunity for the children to compare ammals from -

-, different environments, .We talked about the animals * - -
T T U “we had alfeady collected ‘and the places we had col-.,‘ i
e : it e ‘.lected them. Soon after, Itook the class to Portohi

"v )

» :'. . f‘ Scme of the animals the children found at the: swamp' ek
were quite d1fferent from anlmals that live near the: »
-~ beach, Ilearned that the sea hare and. mudskipperﬁ-* oy

, _j." 3are a.nimals only found in Sswampy or-tidal waters., o
\ ) ( Others,_such_as the land. tcrtoise.and Jand- crab look~~ o ~

L  like their neighbors the-sea ‘turtle and beach crab,
“ubut the. ch.lldren gradually discovered that ammals
which lcok alike may be very different |
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. Therewas surprise and éxcitement among all the chil~

dren when one group which-had moved to the far end
of the river brought back a strange animal, Nane of

- " us had seen it before. The children wanced to know.

the name of this animal. - We hurried to our head-

" mistress Mrs, Finney, But she herself was: sesing-
it for thefirsttime too. At hersuggestionwe carried

the specimems to Mrs.. Gomez. Inspector of Schools.

Mrs. Gomez s=ntthe animalsto Drs, Norman Cole ard

Modupe Willizms of the Umiversity of Sierra Leone.
Four days later we heard with great pride tiat this
_ ‘wag'the first=me so manyof these animals hzd been

seen in the Tniversity laboratories. We learmad that

the an*mal wezs called the sea hare, or aplysiz. The
children wer="happy that they had discoverec.some~
thing of help-mthe University,

\..
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(EFERENCE

"FOURAH BAY COQLLEGE . . .
Department of Zoology,

-  FREETOWN
. sIl-:RRA LEONE

- Miss’ Hava Kam.ra, .
"~ Juba Arw Rural Priunry Schoal A 120 Pebrun.ry 1971
Juba.

Dea.r l!isa Ksmr'

I received a colleotion cf sea: harea brought to the . ,
‘Department for identifisation by Mrs. Y.D.Gomes, Inspsotor of o .
-'Soheols, I. understand that they were collected by pupils of
class. six, under your direction, This is the largest local |
colleotion of Aplysia, the sea hare that I have ever seen. :

"~ We had previously oolleoted only one specimen at ‘i'ork bee.ch -
‘& few years ago. -

Your pupila ought to be encouraged on tae collectn.on

Lo and stud,y of animals not only from the sea-shore but also .

from osther hablitats, as thia is the best way of lea.rning
about living things.” - , ‘ ‘

We would nlways be will:l.ng to help :l.n the identiﬁ.cation ;
of animals and render any other form of aasiatanoe in your ‘ .
study of the Fauna of Sierra Leone. ‘ - S C

. I wish you auccesa in your undertaking o I

Yours sincerely

“Profesaor & Head of Departmen{:. Sae

..4

: el
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One afternoon the ch11dren and I went down the bea.ch

" to studythe habitat of the sea hare andto make further
- collections of fishes and crabs. We left the river

-and were movingtowards the swamp end when suddenly -
- . a shout came from one of the boys in front. “Te'acher
there is a big crododile under the mangrove plants !’
. We were so panicked that we ran immediately from
the swamp end of the river to the. beach o
..I was curious to lmow about crocodiles. I started to
questionthe children. First Ifoundout that this cro~ -
codile seen in; the river was dead. - I asked what would -
have happened to us if it were alive.” One child said
~ that it would have torn-us to pieces, another that it
 would have thrown us in the river with 1ts ta11 ’

At this time I°1earn'ed from‘ the children that there
are many crocodiles in.the river. Sometimes they
- even approach nearby houses. - The fishermen hunt

_ them. Wetook part of the decomposed skin; examinéd

it and threw it in the water. ‘If the crocodile had not ~* *~

- been so badly decomposed we would have taken the
bones to class for aur collections. -

“

230



It asut everyday that the children set out for the
/' hbeach with definite obfectives, Evenwhen they did
| plan activities there was always time to pursue the ,
‘ | unexpected occurrence, That is what happened w1th )
IR the crocodlle and the sea hare. 0 e

. Sometlmes the chlldren ust bull httle grass houses
| . in the ‘sand, or made drip castles, or talkedto people
on the beach, or searcheq for thmgs the waves had
washed ashore. ., &
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_ area around the school
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;of play,.

 some of them' are very beautiful'and so they'ré ver—

‘ed to me this topic on insects.

\\_more carefully before they went back into the classroom to write down

189 -

“UNAWAJUA? (Do You Know Them?) i

R g
e

The topic on’ Insects_is—perhaps the longest _yer;ékxﬁrinfjﬁﬁiﬁﬂg

On the other hand it was-a very interesting one as far

as their participation is concerned. I am therefore apt to think that
this has been so first because of the natural interest of. children to

play With things, and espeCially liVing creatu*es like insects which

2,Secondly, maybe ‘it's because they“can"be sewn a.rnwst.everywhere,

and so it is not much trouble to get tham. Thirdly,, insects, especially

“‘tractive ln their

Lastly, but not really the least, ST uhildren are a bit ,‘
int=rested in finding out more about-these “dudusm'

cons=ruction.

Having done the topic on "Seeds," it was the children who suggest-
s R ) - ; ) [ .

I didn‘t‘object but instead allowed

RN

them to go ahead. ot

. They began studying various insects which are mostly found in the

SAd !
One group, for example, would go to catch one
or two insects according to the group‘s'decision. What they dld rafter

e

that ‘was to observe the outs1de structure of the insect( ) closely

§

g using their first hand tools, the eyes, hands and When necessary they

- . ) . e

did use hand lenses. After that they'd meet’ and examine Lhe insects: *

‘short notes of at least the main things to remember.

'
o, ‘

o
<
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\.J

Y.

u




Once they had nad enough 1nformatlon '

1Y -whereabouts.
they elther left the partlcular 1nsects llke that or caught at least one

and kept hlm Somewhere in the tin or plnned hlm on the wall as a sample. E ;bl.

e SO S C———

Some puplls hav1ng caught and examlned them, drew a plcture of them and
, then left them to go. thelr way | k
ThElr procedure of examlnlng them yas as follows. thei: . struc4V”
tlon, the number of legs, the colour, whether flnlng or jumplng 1nsects,
where.tc fincé: Tham mostly and their :ood., Of course, each ;roup_had
its ownvway = Investigation though_ in act:al_fact,‘the pri:clples'were
moreior less e same. This went on in aécordanceywith groug‘preferences

b

and wishes in the areas.of study.

¥ . ) . 7

B . "Which insetts\resemble each other and in which way?" Thi% and

many other questions but some. children in the\actiyities of comparing

S

one 1nsect ‘to another whlle some puplls had already been dolng 1t with-

out help This could begseen in their science notebooks. . Here, their

short,previous”notes_proued that they were very useful because in order
to put the‘various insects\into classes'they had forgotten'or Wanted-to

prove or make sure of, they'‘had to refer'tO'their_notebooks.

u‘ . .After this work of classification each group .continued with the
e . . - i \‘ . N . ‘ . .

study on thexinSects it waslmost interested in. This'was just my own

%

L

igreat ;nterest in any’of the ”dqﬁus" they_had-obSerVed. Most groups

had already, at this stage, been\inVolved in flnding out more about
o - y _ \ , : RN |
- their particular insect. Two groups weré busy with spiders (Buibui) o .
2 |
- o R R o
Q ' o o i R » L
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Jgrasshoppers'"Panz<'" and another one W1th "9"Desemba"'and' .

;.v

= the last one with a butterfly "Klpopoo," In the long run, the four

ot
3

groups changed the*r mlnds and dec1ded to learn about the splder.. (One

'

&t

‘~reason they gave was that they couldn t. get enough ‘information- because

it was dlfflcult .to. get the eggs of the other three animals. ) "What . T

©

makes you chc0se a sy&der’“' Well sir, 1t.s very eaS1ly found it's not o B
very fierce, it's beautlful; its way of catchlng 1nsectszSTvernyunny,
we[like;it and_ ma—r other reasons.x<These were the reasons most puplls

gave me. They werz ahead flndlng out and wrltlng notes down.and others‘ R s

maklng drawings, mmtil they discovered sprprlslngly enough that there
R S

were about five tzzes of Splders just around zhe school. : : L

We then'had 2 dlscus51on about what we had been learnlng and what‘

Bl

we - could do w1th ‘the 1deas and facts we had gathered There were many - - {‘

suggestlons but the suggestion most welcomed by the majorlty was that

e
W

. of making or keeplng our work of research in some good order in the .

'form of a book. It was Suggested that a commlttee of s1x trusted pupllS

N ~

f5 to work, together with the teaCher ‘be elected Its duty Would be to

collect the materials from dlfferent 1nd1v1dual and group notes and )

arrange them orderly in a s1ngle book.» Therefore, S1x puplls were

elected and they began thelr work serlously They dld this” for almosz

3 ,

a. fortnlght and were Just 901ng to complete the flrSt rough copy when
'they had to break off I took the trouble myself to compléte the lefta-
S out'bit,and then rewrite 1t more neatly after I had made a few correc-

tlons here and there, mostly belng in language._

It should beiunderstoou that the insects which are in their‘

]
{

L ,,'»:,, - . 2[3

)

E[{I(i - o g" o ) ¢ D
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-'writingrare-not the &nly ‘ones they've studied about. No, these are

‘

just some of the umany.

Accrirding to the children's response, their oarticipation and

i A,

Y

: . Teports they have given, I should say that at least a good. number &f

i

them have . learnt at least One of the follow1ng thlngs, if not. more:

a. Tnat " the method of approach of flndlng out, about somethlng

is the Qay of questioning leadlnd to tackllng of ordlnary
~;prohlems loglcally, and not just acceptlng an answer or
o idea before prov1ng or making sure b; dolhd andvg1v1ng
;rea.:ns why! s . |

‘b. That cooperation is sometimes necessary.

. C. Writing down_olear-notes is:very,helpfulf especiallvahen-f

8

one. has..to refer,back'toothem. On the‘whole there is some
improvement as.to the way notes are now jotted down.

d. 'Discove&ed'the Secrets of some of the "dﬁdus”-they khow

s, . . - o

e - v?very llttle abOut ory were very ‘much afrald of ox heard

stfange and false storles about.. They learat, too, that
after all, not all insects{are‘harmful-and;useleSS, but

.y K : : L AT ' -
actually most of the harmful insects are on the one hand *
harmful to some extent, but on the other hand very useful

in other ways. )

S g _ . Conrad J. Bugeke
Cat . . ) ) - ' New $cience Teacher .
' o ' ‘Kigurunyembe Prlmary School
‘Tanzania” ‘

i
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DO YOU KNOW THEM? o .

The commlttee of punlls rrom the Standa:ﬂ V class of Klgurunyembe~

Demonstratlon School whlcn concerned itgelf h_uh the "ollectlon of

various information and with preparlng this fcument waS'comprised of:.
L . T . Jume Kibwana :
o , S Brigitha Nicolas
S o S Joel Mwangulumba
' Maria John
' Hamisi Salum ] . v
Celestln Franc1s‘ _ .- o LR ‘ ‘o

‘Advisory Teacher C.T. Bugeke ' e

We welcome any sugqestlons from you regardlng any changes or

-additions which may be ‘considered necessary.

' ARTHROPODA ~ Insects

Insects, which are llVlng belnac llke men, dlffer in. form,’howr

they llve and the. foods thef eat.” T . -
v Y o ’ - ’ I
There are very many klnds of 1nsects in the.wq d in the same

' .
.

A N i N
iy as there are many dlfferent trlbes or natlons W o llve dlfferentlyf

The follow1ng are but a few of the 1nsects we have carefully ob4

- i
served and lnterested outselVes very ‘much 1n the mannex of thelr

creatlon\and 11v1ng.' We have thus thought it 1mportant to put them in -
’Writing as emorandum because lrom thelr study we. have learnt 4 lot of . -

4

" useful 1nform tion and we hopé we shall contlnue to learn a lot more.‘

oo Standard V ) i , N

Klgurunyembe Demonstratlon School o

ERIC
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Nyenyele - | L e

way_of llfe., Thls insect and 1ts klnd llve in the SOll but 1t also

likes Cllmblng on such trees as mango trees when searchlng for anythlng

les excltlng how they all,attack the grasshopper. They do not leave him"

~"194. -

INSECTS WHICH. LIVE COMMUNALLY - ' * . "

"Londoza (Wasp), Mchwa (Whlte Ant), Nyenyele (Small Black Ant),.-

: Nyuk1 (Bee), Slafu (safari Ant), Sungusungu (Large Black Ant)

i 7’

Nyenyele is one of the very smallest 1nsects but cunnlng in 1tsf

i,

¥

for himself. : | L i

Vel

Many of these 1nsects 11Ve together, help1na each other in f1nd1ng

- . i

: good bulldlng houses and in protectlng themselves aga1nst the1r enemies:

f

'~and rain. You can hardly see them 51ngle because they are so small and .

i
must be many td help each’ other to be able to do the more dlfflcult

l o -
tasks.; An 1nterest1ng thlng about’ them is that they do- not rest through—-

‘ |
out the day except at n1ght only. ] .'( : i
’ |-

" N P PR

We have tried to put a dlfferent 1nsect in tﬂelr h:ii;/Vﬁlas!.fIt

Sl / . ERRPSPIN

alone unEil he 1s dead and ‘there and then they Wlll have found their

‘\_

.food We have dlSCOVerPd that duxlng the ra;ny season water does no*

gem;to them because'ln their hole there‘are'very many'fooms and a-lot
, o ey A - i -
of corners.' Theix food is other smaller insect And powdery thlngs be—"

cause we haVewseen them dlscharge rema1ns of 1nsects 11ke white ants.

N

o~

The other 1nSects mentloned above 11ve together llke Nyenyele.

4
: .

R
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 INSECTS WHICH MAKE HONEY
L . v L .o Coo . - . “o —_— .

",Beef‘Butterfly}.wasp' B A B

The bee lays 1ts eggs and. puts them in’ her house® in - dlfferent

;,rooms,’ When the young ones come out she bu51es‘herself looklng for.

food fOr them from flOWers ox frults. They grow untll they are qulte

'blg then they develop eyes and in thelr bellles there is ‘white mllk - R

. : whlah helps them as food also.hl-

7. . . s <

' The bee. carrles 1ts food by sucklng it and also uses ltS legs

' because they are halry for catchlng thrngs. ‘In ;ts rooms - it keeps the

P . S , .
I'd a .
- sweeg watery substance and other thlngs which make honey. Aﬁtqi a f
, e ﬁ . .
certalnviong period the honey aoes bad o ‘
) e ,,INSECTS WHICH DO NOT BITE - |
ﬁ:fg-v-' . " Chambo (Earth—worm), Mndewa (7) 9 - Desemba (Praylng Mantls), -

el

Sla (Leaplng lnsects), Klpepec (Butterfly), Fukufuku (Ant llon) _ k
. 7 .

'9~Desemba C - .: . " ' - . S

P

Thls is one of. the humblest 1nsects Wthh doés not bite qnd hurt

>

.Thls 1nsect 1s really wonderful but balongs to the grasshopper g;ﬁXl{.

Sy . ) .
-,\\\ R - . . . . .

4'*Here is an eXamPle of one situation that can be reproduCed o enable-

© the .children to learn more -about bees .ang their social organization - . —
~and hlerarchy., Then the roles of worker and queen, bees- could better - oL
" be’appreciated. - D 7

" No other. examples will be . referred to spe01flcally, but the teacher

is agvised to check children' s observations and conclusions always.,4

. .That way She can readlly nelp them draw the best out of their learnlng )
 situatfons.’ = , : T
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' N u_.;;' .
'\.\: . : o v ; -
! .
ish'in'appearancezfrom purple.; ThlS 1nsect has two numbers on its-
s1des'%n 1ts w1ngs whlch are 6 and 9 surrounded by the three colours,-J
namely green, black gnd yellow.» It is” 1ndeed these numbers whlch made )
_ *ﬂ/? 5, o
us call hlm 9 - Desemba, rememberlng the coLour of our Inuependence - ?ft‘
i T ; . -7 g T e - — -l '
- vFlag " He is very attractlve to - look at, and gentle.;' S :

/‘u

flnd food éulted to hlmself hls food at. thlS stage is butterflles.J

yooe Ve

- PrACN
. _ When we/neared him we had collected butterflles for hlm. He very much

llkes/eatlng those Barts of the W1ngs whlch are powdery. He hlmself
. / ,

:waylays the butterflles among flowers ‘when they ‘Tp the water and
: / . e B : o
_catches them and stlngs them one by ornie with stlngs on his belly We '

L i ) M v o . o= e

PR j )
' caught one and nurtured it 1n a blg mug’ from 2’5 1969 and he fully grew

[

- -~
' . &

%; S 1as we ‘continued supplylng hlm w1th butterflles and a 1li ttle water.

HlS belly is long and elevated and thorny whlch glves hlm pro—»i

. . L] o 3 . = '

I . . . - . o

R T . m : . . . '
v l M \::.'

. : ; , . :
I B . T N ) ’ .

ERI
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{

tection. His head is small and'has.wings and six legs. The appearance

i

‘of this insect is very attractive} I am not- qute sure whether in 1970

they Will come out with the same numseis 6 and 9 . We shall wait and .

see.
. INSECTS WITH THREE PARTS
- Londoza,(Wasp): Majimoto (Hot~water. Ant), Nyuki (Bee), Sia
. “r _‘ . N I8
R (Safari and like), Sungusungu (Large Black Ant) InZl (house Fly)
9 ~ Desemba (Praying Mantis), Nyenze, Nyenyele (Small Black Ant)
Kipepeoi(Butterfly), Kumbikumbi_(Winged termite):
Sia

Y

ERIC
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This is an insect»which merely leaps a long distancei Its Wings

-~

are rather short and this is- why he is UHaJle to fly with his Wings like

the grasshopner He resemblts ‘the grasshopper except that his colour

s

is greenish. This 1nsect is large in size ard loves llVlng ih yreen

grass whlcn is tenucr Coloured like his bédy. His eyes are big and
white.' ThiS'green'cdlour.helps him greatly becaudse when hidden 4n-

green leaves he is not easily detectable by his enemies, for instance)

- birds, other‘insects O even us children. His food is tender leaves or

\ o . 4 ] . e -~
substance that is really soft. _His.head quks small becaUse his.eves

/ \\,_,,

are very big, -

S
[R
@y
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" INSECTS WHICH LIYE UNDERGROQUND

Nyenyele, Mchwa, Fukufuku, Siafu . -

- Fukufuku - L | ' .

-

Fukufﬁku'is one of the insects which have no eyes and:Which lives

v .
underground. It is an interesting insect because instead of moving
'\ . . P ‘ . N N ‘

forwards like other animals it,moves’backwards. It has six legs; four

1 .- . . . . ,
\fore-legs and two hind-legs. Two of its fore-legs are much longer and

the hind ones which it uses to push itsélf and to lift his stomach so
that he can move are Very'short.ﬁ‘His head is very smail and has_th

horns which serve in place of eyes. His skin is thin like that of a

pythén.-

B I .
N
His food is mere mud because he lives in dry mda.‘_ln time of
rain if he is soaked ver&dmuch the poor creature dies because his ‘1ife
is short. R
/ \
/ R\\
/ ' N
¢ , . .
/ | Zki'l AN
/ .- .
/ ) A
o,
./
. /
- -
// ‘
\
o /
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INSECTS WHICH LOVE LIVING IN TREES

‘Majimoto. (Hot Water Ant) , Mchwa (White Ant)
- _-f- ) . o R : f
Majimoto . : _— ' ' , "
B [’\ ’ . N . ‘
i#ajlmoto is an 1nsect which loves llulng in fruit trees like
,mango trees, guava trees and the like. Majimoto has three part in
shape which4are_head, chest and stomach. His eyes are greehish. His
waist'is narrow and his legs are light. He“very much resembles the

safari ant.’ His colour is coconut like. - . '

i

&

)

|
v

* His real food as we observed is fruits. This insect is very

-&ggressive and mhis is wby, l think, is the orlgln of hlS belng called

Majlmoto because of his aggressive habmt of biting and mov1ng quickly.
If one attempts to arrest hlm he hastens hrs movement and to catch hlm

. is a blg problem. In fact he is a-very fleréegjnsect.
b Londoza o . , B \\\
Our observation of the Londoza is that he is ;;t\yery much dis-
tinctefrom the bee.. The real differehce isg that Londoza,ha

on his legs. Secondly, his stomach is round in shape and has no

‘ “l g »:' ’
_‘Z ;1- v J

ERIC
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Thirdly, he does nEt.builéva good house like‘%hat of the-bee. Londoza:
is ve;y aggressive if you'distﬁfb him andiespe;ialiy if yéﬁ-demolish
hié hoqse. He ESes his étiggllike!the bee'ihidéfending himsélf. .If
'ﬁe stings you ip the faqe, tﬁerfacé willISWell at once.-
His food is watery §ubstance and he likes catching grubs like ”
"Washawash§" whom he‘cagrigs to #is.house-for food. He builds Oniﬁquse
) . \ -

roofs or on the walls near the roof.

This insect has three parts and its waist is narrow.

o

These insects like living in swarms helping each other in theirj>

et work.
INSECTS WHICH ARE ATTRACTED BY LIGHT OF LAMPf
: . Kumbikumbi (Winged termite), Senene {a kind of'green érasshbpper)
Senene i

!

' Senene is a kind of green grasshopper. They love staying in

~ lamp-light. Mahy people use them for food. On.approaching_a lamp

& ~—

light it aoes settle and if you do not catch it, it can. put the lamp
off. I saw a certain woman roasting them and eating them with. food.

S

ERIC
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To preparc it until you eat it you do as follows: You first fry them

s

until they are almeast charred then you remove their wings and apply -

. cooking oil and then eat theﬁ. , : ' . : .
N T OTHER DIFFERENT GROUPS OF INSECTS o -
Winéleés Insects:- _.-'Siafg, majimoto,Jnyenyele, mchwa, buibui
(sgide;), cﬁunguchungﬁ,.tanAU (centipede) .
Those with.éix‘iggs: Pén%i, Senene, nyenze, mndewé; chawa (licé)(
| - majimoto, mvuvuele, mkimb;afw?;bésémQQ!'inzi,
‘ ’siafﬁ, nyﬁki, mtbamk%a (Qi;h‘tailvréiseQ)!
’ fukufﬁkﬁ,,mchwg,Asia; chﬁnéuchﬁggu, ldnaoza,
| kipéPeO-. | |
‘Those ﬁhich Come Out ;&ongqo,(éillipedé;} Kogé?bnb (snail), .
During:Raig: ‘cgzmbo;, 4 ) i
-fIhsechfWhicﬁ Live>ih ‘Bdibui)'méhwé,;londogaf.nygki,.pvuvuele{.
Houses Théy“HaQe Built majimoto, fukufuku,_nyenyele, Kumbikumbi . )
g : vThemSElvésT' ) ' o - - . E ' i -
A Those‘whichvBﬁild '*'Mehwa, fukufuku, ngpnyéle, ;iafu; .
THoﬁsgs Of,MFdi o : S A | : T -
Insects.with Thin Waiétsb Lond;za, ﬁajihoto, chunguchungu i
Inséctsjwhibh Cause thé Eody_ltcﬁiné:/‘?ashawasha, Fﬁnzai(jigéer)
vInsecté wﬁiéhlEét'Cléths.ahd Paber;:ﬁ‘MeA‘e (Cockféach),lMcbﬁéi
.EYeléss inéeéts}l C Fﬁkufuku,féhambo | T o
!Iﬁ;eétg with. Ten Legs; " Ngadu (scofpién) \ |
3Inée¢ts Qith'MultiplénLégé; ' ~&ongoorﬁfsnduixwasﬁawasha ’ |
247 T
- - a - - \ , e ” : 3
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s
e

Legless Insectss: . Chambo

Insects which LiVe in Wateir:' Ngadu, Mkimbia
- . A . -

2
2 v

a

Cunning Quick Moving Insécts: Kipepeo, Mende, Inzi, Londoza, Mkimbia
: y . - . ' : » R

Insects with Wiqgs:- - Kipepeo, Panzi, Londoza, éenene; Sia, \

) Y. . : . - ;
Nyenze,'Mndewa,'Myuvuele, 9-Desemba, Inzi, - \

— K . . ) : : \‘

Mtoamkia, Nyuki, Kumbikumbi . _ R

C e . o o L /

: ) N : . . Lon R /
Inzi (House fly) S L » . | : /..

ThlS is ‘a very W€ll-known insect by every humin belng and most/

hated because uf 1ts filthy habits. Its shape is sllghtly llke that/of
/

!

-a bee except that its colour is greylsh . It has Six halry legC'whlch

r a

.help it *o collect dirt.- You w1ll see it anywhere espec1ally in 4 rty

¢ *»
‘places. * . . J
: b % . . «
") Because of its fllthy'habltS'it spreads d1seases like diar hea,

{ G . . : o v 7 sar - 2 . .
ﬁ _ ) ”eye diseasesland othats. It llves in. dlrt ‘and lays its eggs thereln. ,
' Its food is just filth and fllthy thlngs.‘ o - Lv . /'

* - k o - . s . ) N - /
.Buibui (Spidexr) = T - - /

There are two specific ‘reasons which prompted us to choocse the
spidexr in order-to studyihbw it‘liyes. First, this insect is'ﬁouhd-
everywhe;e and .therefore it is easy to obsexve it. Secondly, it is a

tame-insect'ahd hasjwonde%fui"skill,of weayinQ?
Spiders are a.special kind_of,iasect, mdre,so in the way.they
live and enjoy their Iives'byiﬁsing-threads they produce from their

stomachs.

If you are locking for spiders you will find tﬁem on -the walls

e
S

248
L L ey
]

O
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the head there are eyés and mouth.
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at the corners of houses, on. trees, in holes, under desks, on the

windows and under the tables. The spider haé‘twokdistidct~parts

which are the head and the stomach.: Its legs are long and light. On*

Generally its .stomach is very big.
It has no wings and therefore cannot fly.

-We have discovered_that there are five kinds of sp;dérs here
near our school, . Kigurunyembe. " First, there are those which are very .

. i S . : T
fond of building and living in_ people's houses. They like living --at“D

‘

the corners so that they can set their traps-securely. Aksp‘inSegts

Hiike mosquitoesllove hiding in these parts quthe house. 1In fact it
.is easy for the spider to construct his trap. Spiders of this kind

.. are long and have long thin legs so that,fhey can move fast. " Theix

K

houses,are small in size and they 'do not put so mahy threads as some
es. ‘ in Y ol Y .

.sbiders do because they are always in their houses .and areé not afraid

1

of rain or wind.  They can catch any kind of insect with their threads

which are somewhat hard.

The first kind of spider:,




-

ERIC
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_sticky compared with those of the first kind. ' .

o . . S _ | 7 o v
a ¢lever one! 1If @_big@insect is caught and desitroys the house con

‘_ pletely, the siider moves away entfrely and buil%s'a fresh one at

L= 204 4

The seconé kind are thqse spidéré which build their‘hbﬁses'on
trees. * They spread their threads arogﬁd.lit;le branches or arms of

. o - )
the trees and live in some kind of ropmg which they build to trap

insects and catch them £0r their food. \The spider of this kind hiaes <

\

\

itself'in{fearjof its enemies the birds,\chicken hawks and meh. The

. ¥ \ .
houses of these spiders aré much biggef’akd strong and can withstand

] % ’ € T . Wit -
1

rain and wind. Their-threads are knit cléser and are so many and. 1|

/

They are very quick in building .their ouses and it is easy to!’
o . R . ‘ .._.//

do so because all they need is to producétt>e;thread'from theixr /f‘“""f”p”

7
R ) -, - . . o v/-/ !
stomachs for the work.: Therhquses of these spiders do not emolis?
. R . ’ SN
easily and even if it rains|heavily the drops; are trapped on\the %ur-
N . . N | . 4 y

X 7}
o ) o b
all as we have -seen with our
o e i P 1 I .

t

Zace*and doﬂnot'enter'inéidéiéﬁ‘
. o Lo e b X S
If a small insect like the housefly is_trappad\it'can cause liétle ’

i

_vdamage‘tp the house but after killing it and.sﬁcking’it tﬁe spid:r

‘more threads. - What .

repairs the damage -almost immediately by adding

T

: - . | Py ’ T
another place. Spiders of this kind are much bigger and their legs .
2 : ) EEREEE - v ;

‘
]

are very strong.
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'bhe second kfhd
of 'spider:

Splders which build in holes:

A

r

These are large and thelr legs axe not, long but short Their
“colours vary, some are grey and yeIIOW, but many are red »and their

stomachs'are blg. Thelr houses are holes in the ground If you peep

~ ¢

lnto the hole you w1ll'be surpr1Sed how they have decorated thelr

house so beautlfull f In51de it looks as 1f they haye spread very

) 4

ﬂclean soft, whlte cloth On thé mouth of, the hole they block with a

K

/coverlng Whlch they have made in such a way that unless you are a very .

.careful observer it would be dlfflrult to Flnd thom. If an 1nsect -

decelves ltself and enters the hole 1t cannot esqape belng eaten.

.There is a certain klnd of 1nsect whose nablt it 1is to v151t any holes,

these therefore become food for splders of 'this kiad. ' When it~rains,
'water does not enter the hole at all because of the skllful way ‘in

“which "the’ hole is covered. Splders of thls klnd only go out when they

251



N . . .

have been unfortunate in catching insects but very rarely.

" Third kind of splder -
" the’ hole splder

— The. spiders which build in the -air:

Their houses'or“traps-are attractive to look‘at: They'have f
great SklllS-llke a man WeaV1ng a piece of cloth or’ knlttlng fheser
traps:are.usually set betWeen two trﬁes or house to house or from~f-
a treedto the ground » First 1t flxes one or two threads from one

. tree'to the.others.. The.threads are Verylstrong. It then beginsv \
__worklng on the exact pOSlthn of trapping 1ts enemles the 1nsects.
Then they pass w1thout 1tself destrov1ng the threads.' When the trap
is ready,,lt hldeS at’ the corner at the end of one of the threads
_and Keeps qu1et. When it feels the thread v1brat1ng, it comes out to
- check and if there is .an 1nsect whlch has been Caught, it runs fast
follow1ng that particular-thread and attacks and'when,the insect dies.the-
"soider suoks it and'ieavesAthe remarns.
- These houses get destrerd.eaSily and'therefore‘the spiders  -
v : S : _

Q . ...

ERIC
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« .
\
\

- build new ones from time to time. Such. houses are easlly destroyed
by rain or wind compared w1th those of splders Whlch DUlld on trees
or on branches_of greens. ‘ o

N

"Spiders which build in the air

%

The fifth kind of splders are those very blg ones whlch haue a

horrlfy ng appearance. Their bodles are,ha;ry andvtheir eyes black.
i o P S , \

They are e%tremely aggressiyel It is said that if one_of them bités

"

_you its bite. is as painful as that of a snake.  Its legs ar.w long and

strong. Their colour is light grey.

3
-

\
¥
\\

A

They are normally found in holes of tree barks. gnless you 1ook \

4

&

- ‘ to dlfferentlate it from the bark of a tree, If ‘'you try to catch lt,

it raises its legs, eSpecially the“fore'oneshvand‘its liead, with.

an

anger as if it'wants_to jump_on youfvlff you want to catch it-ycm must

"f'f carefully, you cannot see it well because 1t 1s extremeJy difficult

use a somewhat w1de open tln to cover it and in- this way its tunnlng—

Ll

not know what 1t eats because we even feared to look at it very

¢ : / . X . . . ) RIS

/

4 .
J:,’,d‘ 2

e
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ness 1s,deﬁeated; Its movement is very fast Unfortunately, we did
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« .
closely although we caught it.

From the %ole of its’ feet to the back of its back when standlng

it can have.a elght of about 3.5 c.m. It does not produCe thrtad atv'm

all, its job 1s to travel looklng -for its dally food

Sgider'Eggs /
‘At first e thought spiders produCe young ones- and dld\not lay

~eggs’ because wJ had not seen theiyr’ eggs. Later we saw some spldersb,
. with small sacs| in. their Ven+s and-every tlme they moyed ‘they had
Vo . things round 1n shape and showed them to our teacher. .We caught one
\ ‘:”; splder and kept the egas for a week and one- day we looked into’. the - ’i
l_ \ tin and found t at very many young ones had been hatched by thelr
' mother right 1n71de:the tin and had putlmany threads on tHe tup to.
cover the-tin. \itni5~difficult.to count‘them but we‘estimated_there,_
could have been Letmeenififty'and sirty of them or‘sd.
The little dnes are Very small in size and are éu*ple and muddy
~in colour and veTy cunning. The food me gave to them was house-flies«
and,mosqultoes_bmt‘we are not sure Whether-they ate them al;:ccgh they:
continued‘liyiné'pntil thelsecondyweek‘yhen they beganécoming out one‘

by one . and dlsappearlng completely.

Splders are %ery good 1nsects and do not cause us much harm and
they beneflt us gJeatly by eatlng 1nsects whwch harm us, llke house—.
flles, mosqultoes and others.' The only harm which those whlch bulld

in houses do 1s to sp01l the walls by ‘their web .

- | . Co ; :
R '3 g ’ o




| SECTION 1V: |
easons for allowing chlldren

o .
‘ L

3

3

SUMMBRY & .
This section has shown_some of_%?e re
9

to study science on their own, to choose their own modes cof 1nvest1-

gatlon and to draw thelr own conclu51ons from personal observatlons
/i Tl :

The message contalned heYe is. that the thlldren afe never too
h\ve

" and experlmentatlon.
young to follow these procedures *rultfully. as long as they
You w1ll notice that they fol]ow the
\1 -

L ~ }
- \
Nl

1

-

selected them on their own.
.
While it is freely admitted tkat not all their concluslons are

I

Wlth genulne 1nLe;est and serlousness. that is the essence of learnlng.

)
> .

It is suggested that students

accurate, it is p01nted out that, for'that Very reason the role of‘the
teacher is enhanced rather than d1m1n1shed Guldance of the chlldren s

‘e

.\'

~
>
N

A

zy
i

scope to learn,science 1n‘t§ps way

LY
Y
<

s

1

learnlng takes on a clearer meanlng.
and voung tedchere W1ll always find ‘it exciting to ‘give children free
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- SECTION V , _
| o

RELATING WITH CHILDREN

'Introduction.

In Sectlons II, IIT, and IV of thlS Handbook, you read about
' /

act1V1t1es that employ an exploratory approach towards learnlng
i 1scovery

hls approach is sometlmes-called the enquiry or
o . -

sc1ence. s
Sectlon V explores some of the reasons the approa,h is advo—
A

/-

method.
An4gnderstand1ng of these reasons w1ll enhance a teacher 's.
i schools;

oncrete illustrations oﬁ individual
/

i

cated.’
ability to cope with teachlng units developed for pr1mar§
‘,~.

You will read about some

differences as.children grow,‘ahd also about how to cater for these
/- : ' !
/ .

differences 1in, the classroom. |
The flrst chapter 1llustrates this with a reporé of an observer

6f three different classrooms, and then goes on to dﬁscuss provision
ion and suggestlons foi/evaluatlon of

of'materials, class organlsa
l t of

e 1mportant sub;ect oﬂ 1ntellectual
1ncludes actual

LA

childrenis»work
Chapter 2 deals with t

. t

. [ e
various-ages. i
!

developmént and stages of maturity of chlldren.
\ : Lo .
act that children have their own ways

conversations with children o

[
also gives examples of real situ-

!

Chapter 3'points out the

{
!

of viewing natural phehomena, an

ations.
. i

v v
”hapter 4 is concerned with the kinds of thlngs that "turn on"
A de crlption ofja class-experience,

!

children and keep them going.
where the teacher recognized the children's interest, is also included

!

V58 )
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The final’ cl'.l"aéltér. of ﬁhiks section. empha_éises_,th'e‘_ cjreat' influence
\A . thatv.cu‘lture and envirom.n‘enttﬁav.e upclm learning.
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" Chapter 1. Teaching Science by Recognizing Individual Differences

'Introdﬁction i

“

Central to the enqu1ry approach is the idea that the teacher must
give each\learnel an 0pportun1ty to learn for hrmself This means
that each 1earner be directly inVolved in working with materials

most'of the time, whlle at other tlmes consultlng W1th the teacher,

\

- and at yet other t1mes with fellow pupils. \From thls pupll materlal
. , _ A .
pupll teacher and oupll-pupll 1nvolvement cames the capac1ty to deal

)
‘effectlvely with questlons relating to the roblems that arise from

working with the materialsg -When a teacher allows each learner to
confront a particular problem, it can'be said that the teacher is

using‘an,enquirYiméthod. Thé.process brings out the best from each

learner and the teacher can be said to recoénize individual differences.:

LA

,Recoghizing Imdividoai ﬁifterences )
“‘mhé questiom then:arises, why should.the teaCher,recoénrze indi-
vidual differences? Before an attempt'to answer the question is;made,,
we’must attempt to clarify what 'to 1earnd‘meahs. Auyisitor“goihg
throughja cross*section,of classrooms in.any educatiohal system can
Ldlscern various teachlng methods that are employed by the teachers.\

’These methods limit the ways in whlch puplls or student~ ‘can react to

~the learning situation.

!

'
'

The follow1ng account describés the experlences of Mr Satu who
made such v151ts. Mr. Satu went tO'a,classroom in which the teacher

a

- was teaching the topic: - "Fishes". Thw teacher started by drawing a’
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diagram of a fish on the blackboard, labelled the parts and wrote down
the functions of each part. The students responded by copylng the

teacher’'s notes. Upon completlon of this exerc1se, the teacher turned _°

_to the class and asked the gquestion, "What does the pelvic fin do?" .’

A xow 'of hands went up and the teacher selected one of the students.
The student repeated with exactness what the teacher had wrxtten on
the blackboard. 'The»teacherﬂsaid, 'That's good.

Mr. satu sat and,listenedhintently to what was going on in the

2lassroom. At the end'of:the period he:made the followin%~analysis

of the lesson: '

"The atmosphere of the classroom was quiet, almost tense;
the students ‘copied the teacher's notes, but upon . examina-
tion of some of their exercise books errors in spelllnq
were detected. The students were requlred to commlt the
1nformatlon to memoxy."

After the“lesson.Mrl Satu wondered to what extent this-lesson would

contribute to the intelligent behaviour of each student in a new- set

- Mr. éatu wént to another classroom where by some coincidence th~

topic being taught was "Fishes". 1In this class each stUdent‘was given:

a fisn to observe, draW}flabel, and write down the functions‘of~each
part. Furtner each student was asked tp compare .the external fea~'

tures and functlons of his spec1men with those of. others whlch the

teacher had bxought to the classroom. The students worked mostly on

"their own with. ‘'occasional help{from the teacher.' At thé end of the

lesson, the teacher asked the students to'consider in what ways the

»ektérnal anatomy of a fish adapts it to live-successfully in water.
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i
i

. In analyzing the lesson, Mr. Satu noted that the students were

'provided actual specimens, they were required to relate rnformation

they gathered on’ thelr own to other klnds of fish, and that to be-

ablt to answer the teacher's questlons the students had to do more -

' than merely ‘recall the 1nformation'which-they had acQuired; Mr. Satu

. : ) : . S w0 s
concluded that some -depth of understanding would be achieved by the

: : ' & e - 5 L
students. Therefore he labelled this interaction ti.e understandlng

level of operation.

Continuing his -observation, Mr. Satu went to another classroom, ~

where he found to his amazement that the teacher was teaching'the
same topic - "Fishes." By this-time it dawned on him that the ‘edu~-
cational system was operating on a highly centralised model, with

common Syllabuses, time-table etc. .ih this‘classroom, the teacher

started the- class by p051ng the follOW1ng problem. "What enables

vflshes to move in a stralght llne°"

The question posed By-the'teacheranused each student. to make '

N

'nimseif/herself a part -~f aféroup that would work on different

approaches to part of .. . project that interested him/her. One
o ’ ' ' R e :

: group‘was'to construct an aquarium in which the fish would be kept

. Another group was. to make flshlnq nets, "and a thlrd group was to go

to the. library to look uL 1nformatlon on the problem. ' Near the ‘end

"of the period-the class got:together'and decided on a suitable time

°

on Saturday when they would go out and collact the fish.

Mr Satu noted that in this mlass the students were put in a

problematlc situation Wthh pressured ‘them to .toncentrate the1r

(SRS

€) ¢
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thinking on the problem.

mation they had previously acquired to solve the problem.

Satu concluded. that the students were d01ng a lot’ of thlnklng and

were therefore operatlng on a reflectlve level

the teacher was recognlzlng 1nd1v1dual dlfferences.

At the end of the ddy Mr.

4
S

actlors whlch he had observed in che three classrooms.

] conmutt;ng factual 1nformation to memory

But glven a dlfferenteset
of c1rcumstanCLs, would the students be llkely to transfer that |
"information? If not,

then memorization 1s'not‘approoriate if tbe

. o
intention was to accomplish ‘any meaningful learning

o

L

In the second classroom he ndted that the method employed by the
teacher enabled the'students to isolate units-of 1nformat1on and to

see how these pieces fit together andvthat'therefore it could be said

. . . ‘.' «
the students understood what.they were d01ng.
\

Because of the'absence
of dlscuss1on 1t cannot be said whether the students were c11tlcal or
. : . .

] not -about the information which they had acqu1red
\ 0 R,

\

. The students were
nonethcless operatlng at an understandlng level.

In the thlrd class the probiem posed by the teather set th whole

ln thlnklng deeply about ‘the problem the. students utl]lzed available.
\ i

N\
From\

sources of information, constructed equlnment
m\the specimens, data would be obtained

collected gpecimens.

the analysis of which
could provide possible answers
e %

to their problems.
.\\ ’ : :

VO C .

e
o
<t
<
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O
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class 1n motlon and demanded that the students reflett on the problem.

By 'doing so, the students utilised infor-~

‘Thus Mr. . '
He also noted that
Satu noted the three- leJels of 1nter—

In the fLrst _
N e /
class the nature of the 1nteractlon was such that the' stu.ents were /

! :
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The QV1dence from the classroom observatlons enables us to deduce

_certain ideas about what 'to'learn means. To learn can be merelY'to.

make a carbon'c0py of information in our minds. = It can also mean

.

that 1nformatlon must be fltted into an 1nd1vldual's existjng intel~
lectual structure and that this structure 1tself 1nduces change 1n
‘the.process. .Pommgttlng 1nformatlon into one's. 1ntellectual structure
. makes learning a.hlghlv 1nd1v1duallst1c actlvlty requlrlng 1he total
« involvement of txe lﬁdrner The teacher by prov1d1ng appruprlate
materlal can sulmulate and provoke 1nd1v1dual learnlng, but thlS cnly

' occurs as a result of changes that take' place Ain an 1nd1Vldual's pexr-

ception of thekexperience.

.Using the concept of 1nd1v1dual délineated abcve, to what
exteit would you say that learnlng took place in each of
the classrooms? :

To»answer this. questlon ‘we . must have goals clearly in our mlnds For
4 ; . o S . )
1nstance, do” we-aim at creatlng soc1et1es in whlch men can do new

~ -

thlrgS° Cr do we’ a1m ‘at creatlng men who can repeat w1th prec1slon
_what other men have done for generatlons past7\'lt WOle seem that the
: -7 more des1rable outcome to aim ﬁor is oae -in whlch students will learn

very early in their llves how to flnd out new, thlngs for themselves,

™

rather than to just reproduCL what has been‘learned Untortunately,
'treatlng a class cOllecthelV may not prov ie adequate opportunities

for studentq tc maximize their potentlal for thinking. Creative» B

o

C thlﬂklﬂ" ic © ¢ a collectlve attrlbute, it is an’ 1nd1v‘oual act1v1ty.

wTherefore 1f thn deSlred aim is one ct fosterlng thlnklng, then the

. . (3 N A
o L0 x

-
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teacher must recognize and”make.allowance for individual activity., .

How to Cater‘forflndividual Differences

.In tne llght of the precedlng discus<‘on you mlght as a teacher,

wonder what your LOle should be in the kind of learnlng 51tuatlon
that we have been;describing;f In the traditional classroom the word

‘teacher carries w1th it the. connotatlon of the doer. But should the

/ .
2

teacher really be the doer, or should the learner be the~doer° Imagine'l
hthat you w1sh to teach a pupr1 how to hammer,_do you thlnk that you
‘can;do threlsuccessfully by giving him a lecture on how to hammer_
’withqutlbroviding.a hammer and nails ta the pupil?"If)yéur answer is”
:no; you have a good grasp of What we haQe been'talhiné about. With
mos t-of the.exerclees that you‘will be undertaking lnltﬁlerHandbook,
thelmaterlals-are the‘tellers;‘the pupil is the‘doerdandltheateaeher
isfthe'éulde‘and facilitator bt_the learning situation. Jdet as you
cannot teach how to hammer by giving a lecture on hammerlng, se it.
is that you \ahnot get peoble to learn science w1thout thLlr 1nvolve—
_ment in the act of doing sc1ence; Thls is not to deny ‘the fact that
-there w1ll be tlmes whenlthe teacher is 1n front'of the room compar—'
ing flndlnés and d;scu551ng_with the Qhole class a parthular subject
they haﬁe been_working on in sméller Qroups,» Butvwe.advbtate'that.
the main task of the teacher is te’prepare Qhat is needed, tq'keep
l-fff - v;rack”bf what is gbing en'and&to ask the;riéht question at'the-right‘

When is the right "moment ? And what 'is the "right question"?

"As a teacher you decide when “to intervene. ' Occasionally, a pupil may'a'

o

ic - B8
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2

be bored, have finished'his'work‘or is frustrated. on such occasions

[

a tzacher. may prov1de addltlonal materlals, or 1llustrat9 a new way

to work with materlals in order to stlmulate'further act1v1t1es. . The
teacher might ask Opcn questions that lead to problem solv1ng.
Usually qnestlons Whlch begln w1th)”can you:.f.""or "What would.happen
. /. 4 ‘ ‘
. if‘r.. are Of-thlS type., A’ teacher S questlon “ig open when a pupll

IS

can . approach it in many dlffeIEDt ways.» Other questlons are not so’

v

open. Thev requlrena word response from the Dupll ‘Anhexamplc of
this type of-question would be "name the parts of this'flower:“

- 'f*,@.," ‘ I | . .v’..' e //l“,

Provision of Materfals, ‘ - C ’ o , L e
- - - P

In order to . taach sc1ence the way we are advocatlng, an abundance
0 T ” .
of materials is requlred Many of these thlngs can be found in the o

- o

R local env1conmenc or purchased at 11tt1e cost Reading theavarious N o ,‘4. K
unlts w1th1n the Handbook w1ll te11 you what - to prepare for e‘ch unlt

3But in addltlon there are certaln types of materlals Lhdt are valuable . {fu

to have -around- all the tlme.. These 1nclude:

ﬂ""

. Powders._»q"ff Sugars, salt,'soap powder, srarch baklng Joda
. N "~ " ‘and sand. .
. Liquids - = ~Parafin, Kerosene, oil, splrlts, fat and water.
Wood .~ 'Planks, poles, stems of trees cut into varlous
o R lengths and.sizes.
P Paints -"Flowers, roots, dyes and brushes.
- Containers * < ' Cardboard cartons, cupe sugar .boxes, clay pots,

pots, calabashes, coconut shells, large cut ‘cane,
‘pans, jam jars, bottle stoppers, tins, match

, . - boxes, clgarette boxes and different types. cF
S \ shells._ : ) { .
Tools: . '~ Hammer, saw, drill - chisel, screw driver, matchets,

knife, balances, collecting nets, strlng, rope, ’ . L
mlcroscopes, hind-lenses, candles and matches.’

NG

E.‘
oo
<
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‘ working, but this requires the ‘téacher to prOVide stimulation at the

'ugroups.' Whenev ar it is poss1ble, Children should workfoutside the.;;
{

talk without disturbing other=classes.

¢

The teacher and the pupils can think of many ‘other items to incluoe

a

in the list. An important source of these. materials is the pupils

themselves, when they know that the mateiials they bring will be used

‘3

in class they are usually more responSive to the teacher S request.

PN I

Class Organization

§

Teachers often: raise the problemyof class organization when newly

_confronted.With this kind of actiyity, Children may  work 1ndependently

or in ‘small groups.g_The number of children in each group usually ”;ﬁ

,-depends on the type. of aCthltY\ln which they are - involved A good

rule- of thumb is that tho groups should be small enough so that each
Chlld is doing something If groups arxe too large or the materials
are not sufficient,'some chiidren will probably Sit back and watch

while- others are working The children become bored"and find disrup- i

tive'activities to get.involyed in. This condition is one of the mast .o

< common sources of non- constructive noise and "disCipline" problems s

Ideallv, disc1pline nrcblems should not - arise 1E children are

right time.‘ with very large classes this is- difficult but not im—,

e —

o mim o o

poasible.‘ In large classes, managémeft‘problems can ‘be reduced by
' . . K

encouraglng children to share their experiences with those in other

classroom, th1° has the added advantage of making them more aware of

their enVLronmentg Also it allOWs more fieedom for the children to

\‘. E

Ly
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SC1ence classes'require extra ‘time for set-up and-clean-up. Some

s
k o
. reachers work out a ije—table at the beglnnlng of each term (or year)

whereby they can haveddouble perlod for .science.

i -
r | - :
L relate very well w1th other SubJECtS\SUCh)aS mathematlcs or crafts,

Many sc1ence topics®

It 1s therefore pOSSlble for the class perlods for those subjects to .
E R

- be shared Wlth sc1ence in- order- to glve the chlldren the opportunlty
to really procress 1n/problem solv1ng 51tuatlons W1thout belng cut

¢
. . q

T; off by the somewhat art1f1c1al llmlt of the bell

/

TN

“Bvaluation o

" Evaluation is usualle a orqblem for the‘teacher just.beginning

to ~ork' with children| in *he way we are advocating. One‘way to‘appro~

ach_ this problem‘is'tP keep cumulatlve records of, 1nformatlon that is

routlnely cfllected about each Chlld. As often as posslble the
. I S
vteacher should make notes of what each’ Chlld or group dld The

‘teacher can then eValuate perfoLmance on the way each Chlld actually
I
{

S -

) solves problems, and the klnds[of questlons that the. Chlld asks. By

Lo
v

! '

\: observ1ng and llstenlng to each child while_he is in the act of P 'u'. ﬁt
. ( N

-

_earhlng, we can assess tne quality of hlS understandlng and develop~

\nenn. wien obserV1ng chlldren we can ask oursolves questlons Wthh
LS . . 1 .
/o

- w1ll 1ndJcate to us the Chlld [ overall developmen_, .g
'i: -: ‘What sort of'questrons does he ask? ]géwfdo his questionc: ?
T changéfés-he gains exPerience?" |
o ! . . ‘ o,
e Does he‘make"measuﬁement$and CQllect infdrmatlon that’ l}i
. "\ . wiil help him to solve problem B o . ;“_/ ;
N o =, - Is he able to coll£ct or improvise materlals ; C /ﬁfby | y
P (_ 5{5 i‘ : ‘ ' ' ". | "J :l’\;
' ;
\) » Y4

B . o '
= : b e N . o
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-~ Does his ski}l,in handling materials improva?
. - ) .7 I B . . . B R \
v S A I Lo . Voo
Some teachers realise that there are important things for -
- ' children to learn which written examinations cannot mzasure :
“. - . Do the children develop confidence in themselves and
t‘iféir abilities? ‘
‘ S
. Q4; Do they respect the ideas of other ch11dren°
. ) 1 2 ’ -
. e ﬂé they enjoy learnlng and want: to learn on their
: 1 -7 Do they know 1mportant thngS about thelr ‘own loc lities
t ) ) / { LT ! i
v : -end have 1nterﬂ§t 1n flndlng out? ‘
‘By taklng atcount ‘of all these questlons the teacher should be -
o .
. ' b L ’
' ablekto evaluate the performance of each'child by the end of the
1 .
term, even W1thout Lhe formal penc1l and paper test. -
€t ' : " ' é
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Chapter 2 Intelleccual Development R . e
T The word develgpment has several connotatlons., It ‘might 1mply an -
" 1ncrease in quantlty quch as the addltlon of new rooms to sghool; rﬁt'k -
‘ x“ /- could also mean an 1mprovement in quality when it refers to standards -
— # o : . s ' ’ '\ :
- t of 1nstructlon. The - flrsL connotatrbn is physmcal and the second i
’,/ e -
‘ conceptual Thus ve an talk ofea Chlld S development as 1ncrease 1n
ET size and’ as 1nfellectual qrowth

N
fer
. 4
3

“

physlcal or 1ntellectual development separately.

ﬁ only with the understardln

i
o

- For convenlgnce, 1t 1s posslble for us to talk about githex

However, we do SO
° A o .
g that both processes are 1nextr1cably
. o0 “ !
' [ :j_ - v1dual all the lee.

&....':‘r
B

”

-~

P

"
.'Q..y o
bound together and are g01ng on- slmultaneously w1th1n che same 1nd1—
Y

Pl
.

i
1
¢ B

g

,' L
certaln expectatlons of' performince of chlldren

In v1ew Pf our. famlllarltyfw1th physcal development, we bUlld up
A3 !
we organlze sports for chlldren!

L For example, wnen

l R .
W€ ClaSSlfy the partlclpants as

Juniors, 1ntermed1ates and senlors.

~

These grpuplngs .are usually
based on age, helght and welght

T

.
.

.
B

-
It is. prec1sely because of the re.
v!/f
cognltlon that chlldren of. dlfferent age groups, and sometlmes.or the

5 .

same aqe ranQe. Derform dlfferently that pSYCﬂDlOngtSnmalntalg tha
of readlness to benef1t frcm learn ing experlencesa/'Thus there is. an

‘_.f e
maturatlon is one o+ the=ma301 factors that determlne a. Chlld"“ level

Vi, A
N
.

.

A

.

J
estaleshed relatlpnshlp between ;hy31cal develOpment and 1ntelle“tual

development end thls relatlonshlp has significance" for thoseiWhO pro-
v1de learnlna experlences.

.\‘.?-'
our-fain task ’fs. to look more clasely at
L o
.'lb ‘

N _ A
_inte lec¥ual or
,,,'/"
, VRO
S T 270
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tive development.
changes that occur-in the child's way of:

thlnklng, and solv1ng problems as that child grOWS older

B

examine frrst the 1dea of concept formation,

Cognitive develOpment is concerned Wlth the

h

Let-us'
| RN -
Considexr this questlon

How does a ch11d come to recognlze ?hat -two or more perceptually dis~

similar objectu can be cons1dered st11ar°
¢hildren to engage'in!
everyday objects to cla551fy into "resemblauCe".grousz

foll.wing conversations.

i e .

Tasks were arranged for

formlng concepts, perceiving, .

< [ ——d —_—

In thls task the chlldren were given famlllar

Consider-the

;

Iye (7 years)

- Exp:

i

:". Theéy don't resemble o i s o o

""YeS-“ oy i
l

Another Chlld came here and made these groups for me. He
took the corn and the pencil and put’ them together. Can
you tell me why he put th=m together’

‘Yes

Why?

‘The'corn and the pencil resemble.

" How to they resemble?

The skin (points to the colour)

After that,- he took the pencrl and the'chalk and put them
tOgetHer, can you tell me why he did that? :

i

what would one do with a- penc:.l'>

de writes w1th it. ) j o
What does one- do with a chalP“'
He wrltes w1th it. o i

Do you think that these two thlngs resemble 1n anywway?

:  They are not tthgs that resemble

Even though thej do the same thlngs W1th them°

s
13 -
£

After that he took Lne corn and the bean seed. and put them
together what did he havé in mind? . o

_‘)r“
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N
. ! \
. : . ‘ '\‘-\_\ ‘ \\.
Child: fThey don't resemble. Vo o
Exp;'#vahat do they do with beans? f Y
Childg They cook “them. ' : .\\
Expg What do the, &o wi.th corn? a“ \. _ : » o,
Child:  They plant ‘them. - _ ' % \ - B
- “Exp: What about beans? | , '\ F,#;._;Q
. ' ' . Child They boil them, put them in sauce_and—eat~ eﬁ%’fﬁ"m*‘gaﬁ——ﬂaﬁﬁ~ y
,_ra——~—-“—fﬁr“'"-fs~that-the’ohzy—tgzhgﬂthe;-do w1th beans?
Chi*d: Yes. | ° o ; . "\
.. Exp} . ‘

How do people get beans?

i

Child: 1f you want beans you go and beg from some other person and
: then you Ccome and plant them. ; |
Ekp: ~ So beans are planted? = - , S _ \
y, Chiid:' Yes, thej_plant beans. f' o v \
j/ Exp:- What about corns? g ‘ ) \‘
/ yv?hilq: They olantfthem also. , S " x
: ' Exp: So Deans and corns are things that are planted° x
Child: Yes,- they plint them. _ : ‘ ’X
.Exp:-: >Db\you think that, that is a resemblanoe?* o %
Child; No, they are not thlngs that resemble.;s D X:
Expt’

After that, he took the grass and put it together wﬂth the
. -bean rlant _what thoughts did he have that made: hlm\do that°
ﬂf S Child: They resemble. - . 1 ' \

I Expl: How do they resemble°

b

v

¢

PR

. Ch'ld: Thls and that ‘are, the same colour. T : i
v ‘

. ! | .
_“1 analysms of . this conversation will show what this Chlld ur§er-

. |
"stands by resemblance Here is one analyst s Oplnlon i
| , f\
T : '
[ o
; ) "' .

The first observatlon that we can - make from this ‘conver-~

oatlon JS that thlS Chlld can- Shlft from one colour '
crlterlon to another.

For example, she could recognlzl ©

P ! . (.I
v

-

* Pesemblance is the closost word . that expresses s1mllar1ty 1n &he
child's language.

72

no

¢
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the similarity between the corn and the- penc1l and that of
the grass to the bean plant because each pair has 1ts own
colour. We therefore note that although these objects are

.different in form, she can coordinate’ the dlfferences when

e

the ob]ects are of the same colour. In short,_she gan-

AAAAAAAA ,_recognlzevtlmilarlty among dlfferent objects of the same
colour. On the other hand she con31stently re]ected
.31mllar1ty beétween the chalk and the- pencil, and that

be tween the corn and the bean seed. Prom this behav1our,
~one .can see that for her, s1mllar1ty does not include

4

functlon 31m11ar1ty g ‘

¢

lCan we explarn her inability to shift from the perceptual
,criterion of colour to the-abstract.attrlhute of function?
We can. It 1s clear that the child has the notlon of
function because she knows what one does with a ¢halk or
penc1l. But at this stage of her thinking, the notion

. of functlon seems to be spec1f1cally tied to one ob]ect
In other.words, she cannot compare two objects in texrms
of some abstrect attrlbute 'such as functxon. ‘When the
child compares the objects wi th Yespect to colour they

' are ithe same.’ But she cannot compare w1th respecL to the ¢

/ s
attrlbute of functlon because function does’ rot yet have,”

R an existence apart from the objéct that is doing the

functioning.

°

Pon31der thc rollowing conversatlon on the same task but

out with an older chlld

Chris (ll yaars)

Exp: I want:-you toc —ake groups with these thxngs. Put
' together in one place all the things that resemble
each ‘'other. Use any kind of resemblance that you .

can think of -that will enable you to explair. to me

why . the thlngs that you have put together resemble
eadloumr . :

‘Child: Corn =~ Penc1l e Yellow

2

N

<o
3
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Bean Plant - Grass ... green
Knife, candle,bohalk egg ;.. Wi te

Exp: Now you’ have made colour groups, I want you to

o e

think of another way_in--which-youzcan ‘droup

e these thlngS besldes colour.

Child: Chalk - Pencil ... things to write. -
Bean Plant -~ Grass ... plants.

-~ Egg. -.Corn.seed, etc. ... thingsAto‘eat.

Thisqolder child is able to shift from ohe category to
another with ease. More 1mportantly, the older Chlld
demonstrates that there is ‘a basis for puttlng thlngs
-together by first thlnklng of the criterion of the.

> group and then selectlng those things that belong to-

that group These conversations with the chlldren tell

the teacher a great deal about children and about teaching-

and learning. The first and'rather_obuious observation
‘that you can make is that what oonstitutesca.resemblance
_to Chris does not to Iye. Ifé's‘concept of resemblance
is limited to.the cuncrete aspects of the ob]ecis. There-
fore, her concept of resemolance is not yet completely
= | formed. We can say that Chris.has certaln 1ntellectual
tools-- way of thlnklng - which are not yet avallable to
Iye. What other &easons can you think abdut’ In your
science class, how would you handle a situation llke
Iye's in which .she is unable to accept functi nal s1ml—
vlar1ty° An examlnatlon Qf chlldren S thlnklnz mrght

" help you answer the second questlc“

i

There are four main stages'that "the child's thinking\go%s

through -from birth to adolescence. To: these four stages, a Swiss

psyohoioéist called Jean Piaget has given the following names:

(1) the'sensory ﬁotor stage, (2) the‘pre—operational, (3)'the'

concrete operational and (4) the formal. The change from one stage

¢) f,'j 2

o
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to the next is marked by a definite land~mark. -Thé sensory motor

..stage-lasts- from“O months “to about 18 months. abst the end of this

" period, the child comes to discover that objects do have permanence.

-

To reach this conclusion,_Piaget performed experiments with babies

in which he took an object with which the baby was - playlng and covered

it w1th a piece of rloth When he did this, he noticed that the.childa

1 . o

made no effort to search for the object because a child that age
thlnks that when the object is out of sight it has ceased to exist.

It is not until about 9 manths old that the child attempts to.search’

‘\

~for an ob’ect that“is immediately out of sight.

When -the child attempts to search ‘for an obﬂect that is out
of sight, it indicates that although an object is out of 51ght it

does not cease to exist. Therefore, that chld has acqulred a sense
of object permanence._ The achlSlthn of objeﬁt permanence is -the .

i

|-

\flrst major change that ocouroiln the chlld's 1ntellectual development.
i B R

The second ‘or pre- operatlonal stage lasts approx1mately from

2,years fd 7.yearsr This- stage Js characterised by the app arance of

language and the extenslve use o immitation. A~child at this.stage
i ‘ : '
is not et able to thlnk in terms of Operutlons. For instance, the

chlld does not reallse that thlngs that are put together can. be

separated, or that a'temporary change is ncm permanentw For example,

__you can do this llttle experiment to, Flnd out how the Chlld thlnks.

E

Give a piece of pl Sticine to a chrld-in this age range. Ask him to

vd1V1de it 1nto two- equal pOLthnS maklng sure Lhat the two portlons

are equal in amount Then take Jne portion and.change_the shape by

1
> 3

AN
-
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it had before the flattenlng took place.

—_—-

flattening it. Ask him again whether the two piasticine portions
are'now,equal; You.will be quite surprised to finu out that most

chlldren in thlS range Wlil say that the two portrons which they had

_ said were equal are no longer equal because the shape of one has been

changed. A Chlld who says tha* the tworéqual portions are nO'longer

°

equal because of the change . . . ... (transformaiion) is said to
be a non-~conserver. He is a ‘mon-conserver because he thinks as if

the temporary change_rﬁat,has taken place is permahent- that he

cannot think of *eve 51ng the flattened shape to the orlglnal shape

[

The concrcte opefational_stage (7 - ll.years) comes into

. being when the child acquires conservation: This means that the child

is now able ‘to warry oit’ certain simple operations in his head which
béféfe nowche would-have® had tonb'through‘manipulation of actual

1' . o . to .. ] . ) ) '?

_'o jects.

" 4

Accordlng to Plaqet there are three Operations'that»underline'

u'

the notiFn,cf conservation. - These‘are,identity,1reversibility{and

i ) N e - ’ Co : ' .
compensation. ' To give us|& better understanding of what-the#e“terms
. N . . i . : . ’ !
mean, examine small portions'cf'cthersations with children doing the

v i . -
task of_conservatlon. In the experlment the chlldren were made to
o . i

, thlnﬂ that the plastlc1ne represents rice~ flour-bread (whlch 1s

familiar.to them). The conversatlon contlnues arter the Chlld has-

< -

agreed that the two portlons were equal.

Abass {7 years) ‘
Exp: This ball is yours and that s Oju's. -See what I am going to’
Q . - L . . v
-c) ey
FARYERS
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B

do. I am 901ng to take your bread and break 1t into 11ttle
pieces "As these ar2 now, 1ﬁ\you want to-eat your bread
» and Oju wants to eat hlS,.wthh of you would have moxre

‘bread to eat7.

. ‘5 . Sub: His is big and balled. . . \\
Exp: So whathwould‘that do te it? \\\" : e :
“Sub: 1 is bié.tl o ' ‘ \\\ e L . .
Exp: Did it increase? - - ‘ o \ . o

» Sub: No. they ‘are equaL, but when you made tbls‘ipto pleCeS
T, . 'Lhat'° why I thlnk that he has more. . o
e ' Eﬁpi ‘l,.you want~to eat your bxead and Oju wants to eat hlS
'whlch of you would have more bread? -
Sub: It is equal : ,.f‘
. Exp: Why? - ‘
Sub: I saw them before, and they were‘equal.
Exp: What else? » '

Sub: His is whole.
Exp: So what does that mean? .
Sub: The reason for that 1¢ that they were equal befoxe and’ they

have not adaed to hlS and they have not added to mine and

sthey ’ ave not r=duced

S It uppear that Abass first' thought about:the number of pieces
without thinkirjg about’ the amount he had to eat. As long as his .
.fattention »as focussed on the number of pieces, the balivwas bigger' : S

¥

than each ;Lece._'Howevet, the_qdestion about;inerease fbreed him:to.
:“_thinhiabehtbthe amdgnt_he had'to/eat. .The queetion.seemedhto ha;e
raieed a conflict between what is a?parent ..}.the'number pf*piecesi;
:ahd what- is teai ;;f the'aw»dntuof breadjto eat, and:that_made:him:
realize-he‘QOUld hot.have mefb,b;eadhto eat than Oju:'_To reach euch"

a'conclusion he had to mentally integrate the picces into a whole,
S . - :

e

> ._ o o | | 237}3 o . .
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and;thén compare the wholes. ‘The mental comparison of the.two.wholes'
;forced"him‘to the:conclusion»of‘equality. However, the mere asser-
/ ; ) tlon of equallty does not tell the experlmenter anythlng about the
operatlon that led him to: the conviction that both are Stlll equal
. What led ‘to that. conv1ct10n is the operatlon of 1dent1ty "they

were equal before and they have not added to his and they have not

IS

added to mlne and they have not. reduced "

¥

In another «case’ a Chlld was -asked by the experlmenter to tell
= what she would do to show him that both she and her frlend would

have equal amoun“sl She replled by saylng that she "could roll the.

.

‘pancake (shape) 1nto a«ball Revers1ng it back 1nto the orlglna%

shape 1mplles the operatlon of rever51b111ty In the =ase % the -

operatfon of compensatloh the chlld has to recognlze that wne ; for

'example, the baleof plast1c1ne is rolled intd thiz form of a.sausage

it looses thickness. But what 1t l§0ses in thlcPﬂess it galns An -

.'.length; so that the Chlld comes .to recognlze tha a loss'in one

w

¢

in anfther dlmen—

dimension -- thlckness, is- compensated for by a ga1

’ ‘~ SlOn-- length. It is thlS reallgatlon that enabl s‘a child to as ert“

"’equallty in- splte of the chang='4n_shape or.form.

The precedlnq two(stages cover the perlod o the"élementary
vfschool ch11d The las+ or formal sfgge beglns to appear fzom 12 15 L
\\\" ﬁp', years. This is the tlme when the’ Chlld acqu;res ‘ways of thlnklng

. '“that are s1mllar to those of the adult : What this means is that the .

_Chlld as an a@olescent 1s now able to zeason w1th verbal propositions
. 8

»I
-~
él\
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' for children of different ages.

. This means-that~children.h ve their'pwn explanations of natural

‘,chlldren have their own xpl :nations . about the world{ how do we gtt

~ 234 -

" the action which -may be the subject of the discussion.

v

You might>have been wondering as ?ou read along just what thﬁs

-~

discussion has to do with you as a classroom teacher? 1t has three

implications for you. The first is.that children's thinking goes

‘throuéh stages and a knowledge of where the child is, islessential

to you if you are going to work with children fruitfully. This Know- .;

ledge enables 'you to.plan effectiVely appropriateslearningﬂexperiences

‘The second implication is that the way .in.which childrcn reason

abeut their environment is -different from thbseﬂbfhadults. For exampleL

children in the concrete operational stage often believe that-the moon
. . . - N “ .

jfellows them as_they'waik along at night. A teacher who attempts to

give an explanation that is different from thé one the child holds will

°

‘face difficulties, 51 ce chlldren do not automatlcally give up thelr '

convictions}_ On the other hand, the Chlld's notlon 11ts fairly Well

w1th his - observatlon rather than the known scient Lflc explanatlon.

¢

_ , , ) . . ;
phenomenafand theY‘do not easily become influenced by different
‘ . | , ,

explanatloas no matter how reasonable they appear to the adult And
lt 1s not that hey do- not;” want to accept these adults ‘explanations,
it is just that they: are not able to accep them because they do not

vet have the intellectual tools that enable them to do so.
. e . :
The third. 1mp11catlon follows from the second.’ If in fact,

~ them to substitute their-Uns01ent1flc reasons with our sc1entlf1c



ERIC.

PAruntext provided oy enic [l

. ‘materlals that wrll help him test. th#

explanations? The truth isi that we cannot.

The questlon shourd be~' how do we'get children:-to learn? The

.

teacher has to begln Jy flrst acknowledglng that the child's approach

‘to solvbng proclems istdifferent from his’ own. -The elementary school ,

B
) A

child learns mostlY“bi“interacting with things in his,environment;and
working ‘with materiais.affords'him,the opportunity,to ask his own °
type of queStions. As he grows older, he reaches a developmental

state at whlch the 1nteractlon between the materlal and hls experlence

-

w1ll force hlm to abandon his prevrous conv1ctlohs for better expla—

nations. ThlS is a process and requlres a lot of opportunltles for °
explorlng dlfferent kinds of materlals under dlffe*ent c1rcumstances.

When the teacher prenents an advanced idea at an 1nappropr1ate tlme,

" the Chlld mlght remember the words used but not' the reasonlpg under~

'ly1ng the explanatlon. ThlS is rote learnlng Howeverf wﬁLn the

Chlld beglns to doubt the correctness of hlS expLanatlonS, it ds tbe

.rlght time for the teacher to lntervene by prov1d1ng examples of e

i

accuracy of those explanatlons.

2

. 4 : o [ o . o .
i : . o N
Y ! - . -
. TR : : o - o
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/ : Chapter 3.  How Children View the External Wcrldyw
_ , _ ] ‘ ' : g
One of Jean Piaget',‘most 1mportant contrlbutlons to cur under-
/4
standlng of chlldren is hls emphas1s on acceptlng chlldren for what

they are, In hlS cllnlcal approach to the study of the Chlld child-
hood is not ]ust seen as the absence of adulthood but rather as-a com— ;
: : /

plete ‘'state ln 1tself Thus, chlldren have/thelr own partlcular ways

vof V1ew1ng natural phenomena. Our purpose in thls sectlon is to throw

some llght on some of the ways that chlldren view the external world

/

-+ We stress once moxre that whlle chlldren at the same developmental

stage may have several common. characteristics, each child is unique and ~ |
. | L. ! DY . ' ) .

\ . . . \ [ . .

\\singular in his or her oWwn way. Some»chlldren are shy and reserved,

2 [ \ -
@ 9

others'arefbold and adventureso?e. Some ask. nany—qaestlon -some ask

/

few questlons and others have to be . pzompted to ask any’ questlons. Some
\ . .

C Wlll vorunteer to try anythlng, others wrll ’ot even elect to demonstrate

' \ / :
B ‘

thlngs they know. R o

;That the thinkf a Chlld is unlque was clearly de@onstrated

A

H
R
4

LI

| ’ . /
en-year old 1n elemenéary IV 1n awo Omama, N;Lgerla.l After hlS"u“'

s had tEStEd d%fferen”(substances1to determlne whlch ?hes conductedf
. / AN, N E -
Elec*rlcltY: he deélded on/hls\pwn to- Figgﬂ 1if electrlclty runs up"; /‘

He' obtalned a bulb, a battgry, a\batterv holder and a wrre longer»y

4 \

’:. than the helght of hls classroom. \Then he tested the 1ntensrty of tHe
. \ .

elecrr1c1ty generated by the battery and bulb at ground level " Follow-

‘ 1ng th:s, he left the battery Wlth one end of the w1re attached to the
: R ) (\f}vV Ve '
o T _ gfba

RIC. e
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holder on the ground, climbed to the roof of his classroow, connected T

tha bulb to the otheivend of the wire and looked at the bulb's inten-

v o

sity. Then ne was heard rebuklng himself. .It had dawned on him that

‘he d1d not reme ber the ground level intensity. He had no instrument

. " i
for measuring this. He climbed-down-and had discussions with his |

teacher: FollOW1ng this he tested several bat‘t ies and, bglbs unill

A . . s . ,

-he obtalned two s :ts whlch Yl ¢ded identical 1nten51t1es. He left one q@j.ﬂ"

(N
. e

fbatteryfon the ground‘ connected his3Wire'and put the rest of his

eQuipmént in 1is.pocket..¢Then he cl*mbed the rooF agaln. There hevu ' /

. . . B .
repeaﬁed hlS expeerent, thlS time.with .a dlfterence. In addltlon to o /

. ’ .‘3. . :

conneLtlng thenbulb to the other end of his wlre and flndlng the 1n~ t.
;_\ . . . '

tens#ty, he also observed the 1ntens1tv of the electricity generated L fx

' ¢

by the second set of battery'and bulb not connected to the w1re; lhe_ .
discovered that the_intensities_matched and thus arrived atmthe ténta-
tive conc]ublon that there was no loss of 1ntens1ty dne to herqht ‘ :

7 ‘ : - _ S,
Another demonstratlon of unlqueness of thought came fr0m>a;nine- ' .

i

' year|old girl ;n Njala, Sierra'Leone. She divided 403 by 7 through ;pe

use of-a box of| Cuisenaire rods*. She obsefKed that lh , e

Y

100 - 7 x 14 =”¢
. e ' . . v or - |
o E 1oo'f 7 x 14 + 2
| and therefore that A B

ST 400 = 4 %100 = 4 (7 x 14 + 2)'= 4

PO y | . [

Thu§
e

i

400 + '3 = 4 47 x 14,4+ 8 + 3=

-
e
@
]

*This lq a set of wooden xods 1n ten dlfferent SlZeS and c iours dThe

ERIC. .
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. \ e oL - : . ¢
' . She then divided by 7, the first part " the sum (i.e. 4 x 7 x 24) ~/
' when divided by 7 yieldéd'the result 4 x 14 = 56. The s¢cond part of

-

the sum ylelded J and 4 left over since ll =7 + 4.  When the girl came L -

- -

Up W1th +'he .answexr 57 and,4 left ové}, her teacher who was hav1nn prob-

—\s.» A . \\

) v lems keeplrg up with her was still baffled. T . o ‘K
g JV 3 : . ’ : ' g.

e 'g o The fact 15’that\rost puplls, rsoec1ally the younger ones, face

\ s

N

sy

new, 51tuatlons w1thout\many oreconcelved 1deas Sometlme .khls helps

‘them to makevobservatlons or, carry out 1nvestlgatlons that adults would

ﬁot thlnk of . If a teacher is aware .of thlS and is w1lllng to encour—

i /

\ Fge thls freedom to’ enou1re, some benerlts may be derlveu.
R . . ” ° /
: : . ]

5 ) . . -

'to-look»for'and-enconrage. Teachlna good sc1ence/to chlldren should i g ;_'“

. ) rg"- : " 5 N ) "

empha51se halplng each Chlld toﬁobserve éheromen#. If a Chlld learns 5
P '(

. to use hisg sen,es he is welr on h;s way to good sc1ent1flc 1nVLat1ga

i o 3 ..
o i . . P 5o - o

ytions. I’ he has ‘a teacher who 1s a trarned obscrver, and therefore _
' . - . o . ) / ) " : . N PR

-
f/

'a good llSrener, he may nave,some of the guldance tnat he needs .as he’

e tr}es to‘develop..x e '<(--‘M N ' L m~s.thmj L L

. C : ,,‘

One related and 1mportant outcome oi 11sten5_:ng:to‘_the hlld may

.

4

i . e e e
also be assocmated w1th the work of Jean Plagetf' HlS clln*cal 1ntér-‘ S

.’. \ . ) . T

‘iv1ew aPproach to the child has revealed that Jt is-a mist' to: v1ew Ce
i v . ﬁr \ ‘v a
e o ch ldren S answers and questlons 1n adult pchPectlves and thus//z/.;_

3 . i . N PR 4 - -+
“ln

e ESSlfy tnem on those groundq 1nto rwght and wrong

tpe V1ew that ch;ldren s unswers may oe categorlsad in many wayc Le— o ._
lated e teir staces of . develcpﬁent o LT a4,

l ')

-r

o f ‘ \ Lo PR
|
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Furthermore, the adult manner of asking aﬁd.éhSWering “why"

a

‘questions does not make much sense to many children because many

answers provided;tp "why" questions are usually rooted 'in theory

rather than experience. For example, the question:
ball fall this &ay?" has no satisfactory explénatipn
experience. A more exciting question to ask a child

ball behave when rolled across the floor?"  Children

that deals airectly with ‘the materiils of 'the world.

"Why does the
that is based on
is: "How doeé a

like a question



O
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Chapter 4. Motivating Child¥en Wo Learn

Aésociated_with the nature of questions that a.éhiid has to
anéwer is the i;;ue of motiyaﬁing him to learﬁ; As wés askéd earliér{.
how do we get him ﬁot only td learn science, but also to iearn how to
learn science? 59: position has beenrto advocate an approach that.is
rooted in.iﬁvestigations.. When the child interacts with an object in

a problem—solvihg sitﬁation,nthe néture Qf‘tﬁé stimalus provided'to-

.

him should be such that he has to reflect on the situation. Thus, his

thinking‘éhquld go béyond,béth rotéVmemory and_mere,undérstanding; \

- our concerﬁ'in this section is with the kinds qf‘things.that wii;
Ltukh on" éhilaren andrkeép the$>going. To give ?oﬁ mprei;hsightvinég
our thipking on hc&'ghis éan be.done, we é;esent"thi; ediéeq Versipn
’éf “Depnis'Dungbéil:' Axgése History of Childfe@'s Acﬁivity." A
teacher too;wher étaﬁdard §I ciass outAon-;fnatﬁrersﬁudy egpéditién

around the school's playing ground. She wanted herbcléss to observe

M_hthat;someminseqts,*especially the dragonfiy, could be found in. the |

ERIC

’

field."SurefénOUgh, sinéé dragonflies were abundant in the area the

. children ran into them. They became immediately absofbed'iq obser- -

vationhs. They cut branches and S;arted,beaﬁing the,dragonflies,in
. . . . .:. . ’ . P . ) . . ’ &
order to have a close look at their structure. Some of the flies were-

éompletely;smgéﬁed up while Sthers hadfémééhed tails. ‘The children

observed that. this lattér_gr¢up-ofvflies éould still fly way, way up.

a

T T . [ - e . ) -
‘There was another group of flies with cut-off tails. This group

could stillvmovefénd?try to fly but Wouldn't'get far;'-Then duestions

~

- 986

LN

“i-
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‘mouth and concluded that the dragonfly feeds on small insects. They .-

- to catch for food,
llnsects 1nclud1ng grasshoppers ‘and dung—beetles. They beoame fas~

ested 1n;

‘started to rise. How come they can move though they are 1njured° Can’

we substltute the gea] tail for an artificial one?

»

As you would~expect, these questions called for further investi-
gdtions. The'children were able to ahswer the first question " Then

_they tried to- substltute ‘grass-stalks for real tails and let the

dragonflles fly on these art1f1c1al tails. More’obseryations were made.

These raised more gquestions:

What do they eat?
How h1gh do they normally fly rrom the ground°
Why do they follow people° . . _ .

A grou“ of'ohl‘dren caught a dragonfly with a lake~-fly in 1ts
were able to make.mea urements of varlous "heights flown by~ dragonflles.

On the “thir d questlon, thej guessed that when peoole walked on, grass

they - stlrred up smali 1nsects which the_ dragonfly would then be able

N
e

Auotner group of Chlldren became 1nvolved 1njobserv1ng other

%

w

_ c1nated by the busy act1v1t1es of the dung-beetle. They were inter-

Its structure - E

Where it was found

+ . How it made its balls

Where it carried its balls to-
How far a ball Qas carried -from the dung heaps -
What is used foxr- maklng each ball

How heavy a ball was in relatlon to the welght of the dung—beetle
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. ' . \
How stroné the,dung—beetle &as ¢
How the dung—beetle stored its balls
How the dung-beetle reproduced _ :
How several dung-beetles stayed in any one heap of dung
Whether dung—beetles could cllmb slopes
Whether duhg—beet125~could be kept for further-observations

How many kinds of duné—beetles would be found in any heap of dung

The children worked on all of the above tOplCS From‘the first -~
/

observatlon they proceeded to. more dlfflcult ones.. The structure of
: the dung—beetle as well as- ats working habits occupled the flrst few -
szeeks. - In the process the‘ch1¥%ren dlscovered mapyrinterestingzthAngs.‘C‘
.+ One grrl was surprised when she found out'that;her beetie was;full of
ticks. "I hever thought'eten-small animals like these could.haue para;
sites" she told;he; ;eacher who then‘eucouraged her'to.tind out if

" - .other insects in the vicinity could have parasites.
B #'  With the booster from the teacher the girl went looking for
grasshoppers. She saw one, liftedrup the-wings .and saw that there

were two parasites which looked-different. "I thought pnly people,’
'cows,'dogé and chickens had parasites - so every'living.thing“has
,parasites”, she said: The_teacherrwas pieased that this girl'Could"

associate these parasites ‘'with .lice that bother people.-

These and many other things happened. For example, while

'© digging one day the children.discovered ,egg balls insteadvcf beetles.

When.they broke these balls _open _ they found some eggs. This started aé

hunt whlch revealed many egg-balls Some were attached to .blades of
‘grass*whilé‘Others were neatly'packed~in groups of more. than twenty~
“balls under tufts of grass oxr small. bushes. ' Some balls were small;

2 TS
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others were large. The children discovered.that.those balls that_;
looked fresh contained eggs while those that looked old contained-
either puoae or larvae. 'Itlwas natural for the children to investigate
stages of development among other things. \

fhen one day two girls'brought'a very big ball with‘two bcctles
on it. They took a balance and out the ball on one side and the -

beetle on?the other. The ball went down. By adding more beetles they

round out that they needed 15 beetles to balance that ball "They

' weighed separacely a. beetle and- a small wet ball that-it was carrying.

The beetle weighed almOst "nothing""but the ball weighed 5. gm.  From

here the. children went on<to more difficult weighing and- measuring
In the case history which we have just retold you will notice

.

that the tePcHer motivated the children by seiect ng a topic which'cap-

o

'_'tivated:the children*s'interest. Also thexteacher gUided the children

to raise good guestions. Findina out the answers “to these questions

-fwés1rewarding-and satisfying_to’the children. The case history’empha-

'sises that children_get excited when they are working on something,that'

interests them. This is what we .call intrinsic motivation. It works
as though something inside a person gets switched on whén he finds

work that interests him. Educators beliéye that this type of motivaf .

tion is better than the other type of motivation known as extrinsic

.motivation.' Unlike intrinsic motivation in which satisfaction is the

reward the most common form of extrins1c motivatiom used,by teachers
ﬁ%‘ :
@

-

is punishment; occaSionally a prize may be given for .good work. Both

 prize giving and punishment are examples of ektrinsic‘motivation_that

V@f
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are not recommended.because the incentives to ichiéve_are not ehduring.
. . . ).'. ° N T
Thexe is another aspect of the story of "Dennis Dungball" which
should not be misséd. Children Weré'playiﬁg, wofking, having fun,_and
leérning.' What is more it wqu;d;be exffeﬁely difficult to tr ? to draw
a_disfinction betWeen-whén they.wéré pléyiﬁg and when thevy were working.

But- luck 1;y for us that distinction need not be drawn. What is more

1mportant is that the chlldren were d01ng, experlenc;ng and 1earn1ng

work and play 1s art1f1c1al Children do not dlfferentlate between

'work and play - they just "do™. We-;hould engourage them to part;ci— o

pate -in activitieé that are rewarding.
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/ fapter 5. . The Role of Culture in the Learning of Science .
! .

/ . Three Aspects of Culture.. - ‘ T ' T

< e N . *

There are many courses of behavior, mental or physical, from

which an individualfcould choose . WBut\usually the course he chooses is

.

determined by culture. Every human belng strlves to cope w1th his en-

.\ ¥

vironment. Gradually but Surely the newly-born Chlld é@gulres fac111ty

w‘

with an understandlng of the thlngs around him, Hls people s ways

v

. of doing" thlngs become a part of hlm and he learns to relate to objects

'_through these ways. It is the sum total or totallty of these hablts of"

& e Y

. his people whlch we call thelr culture.u Any person who is not Lamlllar

;E'W1th these ways of aolng thlngs is sa1d to be- allen to ‘the culture in ..

3

e v1ew.,.ﬁe is not.soc;allzed;“
e _ : - z . &
Each child,.from birtb’ has its needs and'wants.' Some of these

-are: commoh to all human belngs but every ‘culture has,lts scheme of what

o "

PSSRt

. ., is deslrable and what is not.' It also has - a way of 1nd1cat1ng approVed

3

*ﬁmeans of satlsfylng needs and wants.' The'approvedawaysvare-communi— -

PR 3 C e

‘;*cated to each new generation.
} .

. : Thus chlldren are brought up in dlfferlng ways in. dlfferent

'soc1et1es.' in’ tradltlonal Afrlca young chlldren learn correct speech

from mothers and other reldtheS. They learn h0w to cope with their:

@

env1rcnment. ‘Through:observation, imitation and participation, older = -

“
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children learnvﬁo.fabm, hunt, cook, sew,.fish, play,'wtestle, del&vér

/

*

T~ o L S - -
s&s. Teachers-include most members of

,fg,:\l. e, v : o
<4

amisy .and (often*times) secret soéieties. Clearly the_tQQ%;éﬁ <
. ‘ . - N ' S

thé ex-
-

?

[ P+

J . )

éducation is practical, informal and mostly non-verbal. and, as in -

<

- -

other sociaties, ‘it is. this ability of ydungsters to learn from the

adult wor’d -which presérvg§ the cultural values of the community.
There are two more aspects of the culture variable which are per-

tinent. We referred to cné of these earlier: While discussing indi-

Vidqal differenceé, how children View the extéfnal"worid, and motivating:

'children.to do science, wé stressed that children have a culture all

: their_oWn. Thé‘types of questions they ask,;ﬁhe kinds

q E. - . .
of answers they
'giVe} the typés'of,comments they,make=are allfpart of this culture

s

which transcends ethnic boundaries.

.

" The remainingiaépéét ﬂg’éulture that is reléVant to this situa-'

tion is the culture of science.itsélf“ Science has its language,

symbols, valués and‘methods.' These form part of ‘the culture of sbiéncé{

-a»cuitpré which scientists beljieve tHat‘all would-be scientists have to

come to terms with. - ' g . .

We will not disagree with thé dbjectivé-of‘éxpécting leérnerscto

v

be acquainted with the culture of any subject they study. -Howevé;;.

‘ there; are sevefal.ways~of achieving this objective. Often ih the'past\.

N

= adu;téjhaVertakehfpﬁings~that—adu1ts dé, simplified them to levels coﬁ;_

v -
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‘sidered appropriate for children and tpen~asked children to_do'them.

., We have alreadyiiﬁﬁicéted in EQ:liervparts of this section that we hold

dear the c0nceptygf teaching sdienéé qpachildren within

PR

K}

z?eir own-. e
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A tragedy*of sc1ence educatlon in Afrlca whxch adults and .
% s S ,A——\ . ’ ~
<

N L e— children have shafga?ls that it has'not always pald attention to then
. . s

AN

cHlture of the African.. In the recent past thgre was a lagk of ade~

auate knowledge of the~local cultaral onv1ronment which wAs 1n‘any

.. - - _ . s
case dlsmlssed as _wholly 1n1m1cal to the development of science con- w
\tepts; The dlsmlssal wasvclea‘ly unfortunate because even if African
_Shlture is totallf 1n1m1cal to the develogment of. science ccpceptsi it

4 ,

‘would be use >ful to study the African env1ronment from the standp01nt

of know1ng _what to av01d : T . : A

- ‘ . : S L. ' . PO [ . . s

~ . . 7 But the 1SSues are even more basic. The individual is oriented
. 5 ) . o o ’ .. . . C

to objects in his environment and ‘this orientatidn must play an impor-

[ e .

. tant role in the way he learns. . His language, the symbols he ‘uses, and
his>behavicr'patterns are all an inteéfal part of his intellectual

growth. o wo .

Intexaction offculture and Learning - ‘ R

Perhaps an 1nc1dent that took place in Slerra Leone will hqlp

e A

‘us to brlng ‘home ‘the lmportance of the p01nt that the env1ronment

L
- ) affects sciznce learnlng The scene was at Njala and the conversatlon
took place between a member of the staff of the Sc1ence Currlculumi
Development Center and a lower secqndaryxschool boy, Moﬁbdu.
) . "';.\' . ‘.
Da¥vid: MOmodu, am I countlng corg%etly in Mende’- ' -
PO . . Mémodu: . No, because: you counted your thumb as one and that
S ' P is not the way' we do ity we start with our little
s o o finger. T . . -
o R .. . Dbavid: x/'Do you know why, Momodu?
- ° L . . ] i
Momedu : No.
B
P ) . :
\ ¢ ,
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o ) David: . But don't you want to know why?
“Moﬁodu: vNo, I have school work. and other important thlngs
- . . to do. ’
L] -
David: Suppose‘I were your teacher and asked you to find

, ' - . out why; would you do it?

o« Momodu: Yes, but- if I-asked my mother she would say that
Comy dead grandfather who always did it that way

Iz

’ - " did not tell her why. . '
- ; © . Dbavid: ‘But Nemodu, if I did not know any Mende people
S _ - “and'I wanted to know how many fingers I had on
- Co .-~ ore hahd; how would I find out?
, i .o ‘e . ‘ AR
- o Momodu: You wouild count  them.-
,g—' , - David: ° . But, would I get the correct answexr if I counted
) ’ o from my thumb? .
- . “ Momodu: ¢ Yes, but that is.not the way we do lt‘
‘. T, T o~ ' =
<y .
_ Would you say ‘that Momodu did not know how to count?
_ ‘ Many times,:inrfact, a deep understanding of the culture is
; : )
? y: necessary for propor 1nterpretation of interactions, responses or
. feedbacks 'ﬁamara and Easley have made this point. Equal balls of
pJaSthlne repiesenting equal portlons of rice cake were given to
o gairs of Themne children. In each case one meémber of the pair would
. . X , o B

-y claim that an older partner had- more: or a younger partner had less

since fair distribution of food in Thémne culture‘required’thatrolder

1N

o cnildren get 1arger portJons than younger ones.' Here the mathematical

concept, eqhab~ty was Viewed in the context of Themne traditional

; - . S . Y . . . 2
o T culturer . oo : _ c R SRR

Arother accoun® of:the interaction°of culturéhandrlearningrhaéf

¢

" ‘been @iven'bv Mary Budd Rowe. She worked w1+h groups of suburban and

3

, S ghetto childr/n imsthe City of New Yoik: Among other things,, he ob—5
. . Q &, .

'.served that the former‘got exc1ted about the death or disappee-ance of

~
- @ B
te

guppies and snailsgand asked.questionsﬂsuch as-"what happened’" or

Aruitoxt provided by Eic:




‘"where did they go?" but“the'latter didn't get turned on. Ghettéﬁ\

chlldren,'she commented “§reused %3hav1ng people come and go.'ffmm;wf_wm‘l‘M

. Q
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" to’the culture of the larger’society. 'Butterfljes are common in many IR

. room. Those nets’ have remalned in’ the school yard for more than two AN

bullt upon these records. ?' - . T " f'Jf

Relating Science Learning to the iulture of Children

It is exciting to obserVe‘whatAhappens when a good attempt is

made3to relate science‘learning both to the'cultureﬂof children and”

_.pafts‘of Africa; Monrov1a, leerla has its share of them an@ so a klnder-
' \
:garten teacher who knew that chlldren llke butterflles uSed thém to teach

'addltlon, subtractlon, 11fe cycle of anlmals and symme ry ‘She came

lto school one day and set up two butterfly nets outs1de her school

Fa

'rvmonths durlng whlch they have attracted the attentlon of many chlldren

fa

for, butterflles and moths.'f" rﬁfll “Mt““fm‘ .

Hmthe number of butterflles caught each day bY each Of the ‘two nets and

.0 1

xdeduced the total number caught pexr day. ,One,day one ofwthe children

'observed a dead butterfly in one' net.  Thit started the children re= ' .

°

‘cordlng the number of deaths per week Subtraction problemshwere then

" BN

But the most ex01t1ng experlence\ were. yet to come.» In the thixd .
e . V_f (% .

Weekponemchlld brought a/caterpillar to school,’ The class prcserved

2

the caterplllar. It”Was‘colorful, with alternating’stripes ofryellow o

BRI
.-

and black g01ﬁ rbund its trunk Two days later 1t spun a ‘cocoon.
Qx

bllk threads started appearlng all around it until 1t became completely

. . v,
- : li).. o} 'U c e ‘

9

" ’1n the school i Besldes, many pupllS have had theix parentf huntlng Lo ey

In partlcular, the teacher S klndergarten class kept al record of e



_the children saw_a white-winged = 'l araw” but of’the silk‘cocoonimJgf

~ 252 -,

 hidden from- the view of the children. . It was another 14 days before

3
g

Q'
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'schooi,'took three days to

Another caterpillar of the nich the teaChefﬁb¥9?9§E_29;'

on which then took 13 days to

i

become a moth.  The chrildren are now‘observing.a third caterpillar

“which after 10 days has not spun a cocoon} -

To help- the 1ntr1n51c motlvatlon of the children kmep g01ng, thei

L3

‘teacher brpught two booklets wrltten for chlldren. One book'was en-

titled Paterplllars and the other was entltled Butterflles. The“class

'looked at plctures of dlfferent caterplllars golng through their l fe

t

g cycles. rThey saw in the book that it took one of their book oater—"

plllars,'known~qs thejPromethea Caterpillﬁr, many months before it

*
%

changed from a cocoon-to a moth. They also?fead‘that some moth

1

“oéterpilfars and. many. butterflies”do not spin cocoons. 'They shed

.~

"theifpskihs directiy and become moths or butterfliés. The children

are continuing, their investigatioris and the' teacher is keeping her .,:

scien¢e class going' by lettirng childfen.GO'soﬁenof‘the things that °

~ comé naturally to them. .

s
'

I

2Y7
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. SECTION V:

Summarz

In this section, ways 'in which children are very special.

pe0p1e; and Ways in which. children develop, .« presented and T

discussed.
It:bésralsé been éﬁbwn hbw_a eieéi undefstahding dﬁythe ) -
"nature,oficﬁéldrenbcan helpvﬁéachérs impéovéftheir~personél #eiatione:
Sbips wit# Eﬂildren, and héﬁCé_imprpve the;éducatiénbwhich éhildfen

'reCeierat the teachers' hands’,’
. It is important ‘that teachers and students diséusshthe_maferiél‘

.presentéavin:this chapter amohg?¢hemse%§e$. It will soon become

~
' . . A 7 I
' i

' apparent ithat ‘teachers have many experiences and problems in’ common,
. R : - R .
[ . . .

v partly bééauSe_most Ghildren resbpnd in similar ways to similar - o

\

|

‘situationsi By sharing such experiences. with dpe‘another,“teachers ‘

4

]

.can raise APE tatus of theirﬂprofeéé%bn while at the Same time
giving children a better preparation for life in the adult. world.

Y ' o

IS . - \ P "

¥
C—' i

-
-
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-:h;]deveipp‘hispowh units of classroom~stﬁdy{

.classroomf and 1ncludes 1llustratlons of ways of evaluathh of 1nd1-
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. SECTION VI -
GETTING READY.FOR THE CLASS

Introduction < v o ool

-

ThlS sectlon attempts to g1Ve the teacher practlcal suggestlons

‘ - _and help for beglnnlng work in the class soom. W1th an enqulry method

and open—ended approncii, . ¢ ’T. S : f E R '-jihﬁ

4

" The first chapter»dissusses}in some detail how a teacher might -

rer

(O L

B . “ . . S L4
s v - - . . - :

T4V1dual chlldren s work ".f . ,_:&5

Cw T . 5 o A

Chapters 3 and 4 present 1nformatlon about development Of ;.. _ﬂ?ﬂ

. 45
,“questlonlng skllls and technlques of the teacher, and"Ways to hei‘\

~ch11dren keep records S &’.~ . ' w
S o e e e
' or . oo v S
v, o
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'Chapter.l. StrategyAFor Unit Construction o

» L

.f“‘*sx rlf Introduction

Qou~w1sh to giveichlldreEMEHMyour science class an opportunlty to

explore and experlment 'record and dlscuSs the results of tnelr experl-

‘ments, make hypotheses and Verlfy Lhem in short, to_carryfout science;f_ s

1nvest1gatlon ‘on thelr own,

T

i . : .
5 Yet you recognlze the necd for guldlng and helplng them along as ]

e ¥ - R

they gradUally develop confldence 1n tnelr ‘own 1deas and abllltles.
' You need- to sustaln thelr motlvatlon, thElr enthu51asm thelr 1nterest

in nature and in sclence, and you need to do all thlS w1thout 1mpos1ng‘-f'"La o

o too much’ on- thelr 1nd1V1dual pace of learnlng, on thalr development of‘ S

attltudee or on.thelr'freedom to exploreiand.to make and Verify‘their”zfgy
.own predictions. &
(?;; L ' . : - o P o ‘o ’ ' L B ;
You cannot just throw a tOplC or'a heap of matellals at a class ‘

lOf chlldren, say‘ now proceed-to do[science",~and then walk out of the .
’classroom. That would be fOOllSh Jin the extreme. This would lead to .

'.aimless"actrvity in thefminds of the children;‘\Howeverfjthere is an . S

g .. o ' o . . o o - o L . ¢ o - h : .
alternative to the other extreme of too much direction and organisation. ' .
Yoo ' U S . T SRS N ‘
Through a compromise between extreme dictation and, no direction. . - .

. N
s -,

_ whatsoever,'you can ‘give children a clear confidence in your desire to

help them as. they need _you, and in your concern for them to forge ahead R

g In other words,.you must balance freedOm to- learn w1th sultable guldance
o . »:” ‘ o S o S ' -
b .1n learnlng. i 0 * _ S o o
o : h 9
. O g sl . ' o
. S . ﬂ
¢ _ . »' 3 ’ )
‘\ ‘ ’ .. »
; o ‘ s

ERICT . BT T i
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1
2. . Unit Construction
.One way in .which,you can’ study this balance is through what is
5 v . R : T :
called Unit Construction. A large variety of Teachers Guides, often }
referred to as Units, have been developed over the past seyeral'years
in many African‘countries {see Bibliography). You may wish'to refer
) . R LA . / N .
- _ to any one "of these un1ts, such as "Ask the Ant L%on" 'Torch T ber
R .,,and Bulbs ", ~or- "tOurDelves_ "o Before .youvproceed, to,'develOpr,Ay_Q.uff,_“Qth e e
= ' teaching unit, you mayAWishﬁto'analyse onetor’more‘ofitheserunits. o
) 'Then try‘to construct a unit for yourself on~some topic tha% inter;‘
’J el o .
o "‘ests you. The marn outline of the procedure for conscrUCtlng such a’
VT unit is. set out below B
'Choosing'a Topicié Unit construction can’ be“seen as one. way of c
Y 4 \ L [ - . . .
‘.ipreparing leSson plans, or extens1ve lessop notes The.topic of the L
v P \\\\\ 4 “ - . B "" p .
““lesson can be broad such as a study‘of\lnsects around the school or e
- L _— ' . \.\*._& ““““ ) . . ‘
e ... more speCific such as ‘the germination of ‘seeds. Some\Waysxln which¢ " . g
- s a toPic is often«selected are the'following. S LT
g CAn interesting situation; for example, the market place, a
: spec1a1 area of interest in. thc countrySide such as’' a waterfall
. or ‘a pond or observing an insect larva beginning to pupate
' \ : - ] ' ’ \"i * . S
An idea or interest of a child; for example h0w torches work e
an interestlng insect brought to class by some children, or
some observations of -a rainbow. ) '
. A‘topical phenomenon; for example an eclipse, a sudden appear-. _
. ance.of large numbers of insects, or the construction of ‘a road 4
f%* nearby. S L - ‘
A scieptific concept for example, motion, balanc1ng and welgh—-
ing, or changes in matter. o "ﬁ o m-w«;ggf.;_f*
. . . o : o LT . S - ‘:)‘ o s \ N ' :
J— ' . - () OU e e e 8 A L
4 e s ‘ .

o e T j;":x,_.‘f!; A..>‘
e o e e
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A syllabus topicr}gbr ekample,iseeds, plant growth, mixture angd.. .-~

E compounds, or simple machines.

.

The reader may th1nk of other ways of choosing a~topic suitableé

for study by prlmary school chlldren

N
N
T

;

Developing the thread of the unit: .Once you have chosen a t ic

&
&

or theme for the unit, you will walic o T uess about with some of. the
. : i Sty
e .

materlals ih order to- get an idea of Ehe productlve potentlal of the

) lead YOu are about to follow R

Then you may wish to construct a chaln llnk between 1deas that v

t L ot
A 3 -

occur té, _you, ‘Qr; you- may outllne sevefalvldeas Wthh rad1ate from R
) B .

4 X .
\ .

' ‘your bas1c theme ' Many of these 1deas w1ll be related to each other,
) &'.;Iformlng a network of 1deas whlch can be qulte compllcated This net—
’ work can be formed by pos1ng questlons and llstlng answers, and by show—f"7

N
oA

.ing. the llnk between varlous 1deas. g:‘“" B ' . o ;“i

- Developing'Questions~ Read about the. topic chosen, and talk w1th

»

colleagues and frlends “about the 1deas so far developed~ record ques%l

[
£e

, “tlons p0sed about the toplc and new 1deas suggested .
» List those questlons Whlch you belleve can. lead to frultful act1V1—‘”
tles for the chlldren in the classroom. Those questlons that appear'.'df'

b

not .to lead to. such aCth1t1es may. somet:mes be used for challenglng

StUdleS or d1scusslons later on, a questlon may lead to more readlng

- \ )
'about the tOplC in library referenCe materlals.
" > Al ~ : . o

w lyse the questlons chosen (see Chapter 4 uSectlon v of thlS

- ' Handbook) You w1ll see . that many "how"_and "why" questlons can be { .

o

.ISmellfled lnto one\grsmore "what’happens if" qUEStlonS that ‘at once

suggest a llne of inve Q}gatlon

ERIC : 0 o
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Outlining the First-Few LéSsons; Write out the outllne of the

varlous'act1v1t1es that suggest themselves froa "what himpe s A

(IXN

‘questlons " (See, for examuli, . Teacher'stuide AN
and Bulbe )'-This procedure up to now should give enouéh material

‘,for‘two or three.lessons. It should also give.an 1nd1catlon of"the
. (.\’
L
_klhds of materlals and apparatus needed for the act1v1t1es '

oot P
L RN, +*

Assembllng Materials.and Apparatus. The next step is to scout

- e - L ! -

garound‘for and collect the’materials,needed in the classroom,,as well

‘as to construct some of th‘

apparatus -which the'children will’use.
. L ] . . - ) ]
;4 Often the chlldren are abl lhring manylof the nécessary;materials”;

to school; There need be no ser;ous apprehens1on becauSe of llmlta~'
thDS of tlme, --a crude prototype .can’ often do the Job while someqt

chlldren may make con51derable 1mprovements to the orlglnal de51gn

PR t- -

vof apparatus-

P4

. *_f,-J‘, Many 1tems can. be obtalned wlthout cost if you make a p01nt of

'collectmng and storlﬁb used tlns and jars, bottle tops,'old ball p01nt

s"»*

.pens,Vetc,.- Also try qQ 1nteract w1th woodwork and metalwork teachers

Awell as local artlsans and* craftsmen

;

ing”YourSelf:'vWith'your outllne writtenland'the neces-.

| sary materials‘cQLlected; your next step is to do some of the activi-

o fan . o

is impoitant'since-it may Save‘much:time‘later on.' ln addition, it

. w1ll bet ter prepare you for the varlety of 51tuatlons that may occuxr
when the lessons w1th the chlldren begln. Your own experimentation‘r

may lead to slmpllflcatlon of act1v1t1es, 1t may reveal the ex1stence

o . § e e e i ) v

]

Q

B . 7 ties yourself in order,to,see;if and how well they work. This exercise -

Hk
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A} *
-of errors ir - ale, or basic. as ns; ar . fin Ely, it
. ‘ 2 ; At | _
'will indicate Wiiill o iy the phys1cal operatlons are L oo dgfflcult

for young chlldxen to . perform

o ertlng Your Flrst Worklng Draft ¥ou are now in a position‘to' .
wrrte up the trlals you. have made w1th 1nstructlons about how to pro~ ,

;! (. o
ceed and w1th questlons arlslng from the trlals ' Details.about-build—

vwing-simple apparatuslwill be included' Steps 1n this procedure can
" be d1v1ded up "and flt the classroom perlods.',@his is,now your firét‘j”

: worklng draft.

5.0 PR s

]QEE;?wi, IJ;zedﬁCLng the Unlt to the Chlldren. Howrw:ll you 1ntroduce

i

the tOplC you have chosen to the ch11dren° The answer to thlS ques—

." tion w111 depend on factors such as the prev1ous exper enceé of the. = - -

--"u-'

'chlldrcn, your. relatronshlp WIth your pupils, ahd the nature of'the', - f S e
“topic itself. . . L e S _‘. L D=

. . . ' : - .

For example,'ln the Unlt MPorch Batterles and Bulbs" 1t is. sug—

< ' .- PR

gested' that ko 1ntroduee thls tOplC, the - teacher should see. to 1t that

ach Chlld has a torch battery, a.. bulb and some wire, .. These materlals'
. can often be supplled by the chlldren ‘The teacher ‘then asks’ the chlld~_:.f

ren.lf they can make the1r bulb llght wmthout g1v1ng them 1nstructlon=‘ - L 12'

. PO about how to’ do it/ In thls way the: teacher has 1Hmed1ately created - L
o a problem~solyLng s1tuatlon for the Chll§¥en -
R _ ’In-other unlts-such as “Exploring Nature" "Plants in the i S

3

Classroom“ the=teacher,may take the class for .a walk through the near~\'v~* - R

e

. by'countrys1de. Before leav1ng the claSsroom . the teacler may alert : ; ; i

- <2

the chlldren to look for- spec1al thlngs, such as plants to\brlng back
Ly B} v \

<to the-classroom, or nearby rock,formations.‘ Again, tke teacheriis‘

Aruitoxt provided by Eic:
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e tYying to-create-a sutuation in which the children areé encouraged to =

ask questions and to explore ‘their surroundings. F . S e B

3

o kY

Trying Out the. Unit with the Childrén: 'Now4you are iéady to try J;
out the idéas you?have‘developed éo”fér‘withxéhildren in the class- '

room,.  This will most likely take mpre than just{one;léssqﬁp Even if

\ : . . G -

_ E  .ng:QgX§:9nlyvplénﬁédifor one'leéﬁon, you are lik?ly‘éo fina that'the.' '
/ﬂf\\\;j t.sinsie léééo%ifan§“outéinto‘twé,athﬁge, br:ﬁoré'léésons'és‘éﬁg FhiiQren
B -;réi§e Qﬁ¢Stiops.ahd_of%e: idéas'thaﬁ call for fprthegﬂéxploragiqn and le'-f
: expé;imeﬁfatipqﬁy_", f'}vv- ;~Jﬂ' : | | ‘

T o '"f.""AS_orr'vigé"“'c':’h'il"dféh‘i.'rh"i"gh_t;."_" 'r“l;e“e"‘a the "whblé-f‘irs’g"‘1é'§séx’{“'f't5 become suffi-
;;cien£l§:familiériwith-tﬁé mat§riaisfto'réiéé‘éueétioné'éﬂd‘éonﬁrithei
'idegé.dfitﬁeif 6Wn:,~Tﬁg trial shodld be car;ied out'inrguch a,wéy

tﬁat;théjquésﬁibns.ésé.iéeas.of the/chifarenefof@ a’large*éart oﬁ;;hei " a

;.'jv.‘f‘: l%essdn;iJYoﬁ sﬁopld §e-preparéa tqgggkéuéxteﬂsiVéfﬁoteé'éfﬁfﬂé.qugsf

'/u'n’b tipﬁg_agdiiﬂeas brought férwafdlgy.thelChiid;éﬁ,; % | 1 t

" Rewriting the Draft: The initial trial teaching with t-klle"chilaﬂ,-'
= s — T T ‘ : R o

- réﬁlﬁill“usﬁélly lead to a:reWriting of‘tﬁé?firéé &%aftisp'as'toiin~’if"‘”
. .cdrpqrate the.édﬁtribugions of ﬁﬁe-chilafen:ffdm}the Eiass;:’It wo;idﬁ j
) i ) '“ha;e,been iﬁéé%éib%e td?énticiég;é ﬁll the réa;tiqns Qf~Fhé children
S to thé‘lessbné yéﬁ hégéindw présehtea.i_' .
. Triélvﬁy.a'Widér Auéience:A.The next séép,is to ask gbﬁe of'your_ .

- R ~ ot c, . ' B N N - .
- fellow ‘teachers to try the redraft: with .other sets of children and

)

give vou a feedback on théir trials. s« These trials by.othér teachers

Qillfincreaseytﬁe;pbjectivity of your assessment of the unit. It will

- show the extent to which it cah be taught to children. in géneral,,"h : )
o S T : ' . : ‘ R
o 897 ‘
\ o : . ‘
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n oL .
rather than just by you to your own set of pupils. It will also- in-
et e TN L \ .
-\p volVe a greater number of persons in the general task of develOplng
. ,‘\‘ Lo .
the perary school currlculum
\\ U L
N Writing the Trial Unit- The flnal step 1s to rewrlte the unlt

'

on the’ bas1s or the feedback from other teachers worklng w1th other

chlldren Thls ‘version of the unlt then becomes the Trlal Unit, ready

«

TR B to be trled out by a larger number of teachers The Trial Unlt w1ll

d'ﬁg £ - be rlch 1n varlety of 1deas s1nce it 'has already had the beneflt\of

. . ¥ o } .\_
_ several people worklng w1th it in real classroom situations.

What Teachers Do Wlth leflCultleS' In splte of several tr1als

in- the classroom, you mav flnd certaln dlfflCultleS keep recurrlng
o e - : R
when the unlt is used by other teachers Sore ways in,which the unit’

»

can be’ further 1mproved dre.. the folloW1ng ' o : 3

-

e : i,; Change complex questlons 1nto two or more 51mple questlons,

and Lhen plan for more" ass001ated act1v1t1es

b

'_ ii. . Check to see lf the 1ntellectual,and phys1cal development off
.‘the chlldren is compatlble with the 1deas 1n the unit, Per—

<3
- haps the tOplC should be Studled by sllghtly older chlldren

;?'iii.'“ProV1de addltlonal questlons and’ explanatlons to accompany

the actlv1t1es ' S Cev S . o .
¥““,4 = iv. . Record the children's verbal and non-verbal questions‘and
. , Ly hee St L i = | S
examine them for hints about how to'improve the unit., ~

V. Give more time for the'chlldren to become familiar with- the

e . . \ 3
« '« s materials.

308

ot S
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tparatlon are determ'

" reader examine.afVariety.ofﬁthe-TeachersT@Ghide. that haVevbeeﬁ:&

: . . & , o b
- N 266 =,
- ) ’ 5 -
% ‘ 5y - \‘ -
3. Illgstrationfof‘”Unit-Coﬁstruction .

The precedlng d1scuss1on has covered several stcpe that mlght

.v‘,_

be -taken when preparlng act1V1t1es for chlldren in their sc1ence

classes. Although thlS description can§Serve as a model.for lesson
. ; ".‘- ! ‘ *
preparatlon, there Wlll ‘pe s1tuatlons in whlch the sc1ence teacher'“

. C

may W1sh to emphas1se ‘some steps of the process,vor may vary the
. . - . - / - - ” Lo
order in whlch the varlous steps of preparatlon are treated The

T gt

1mportant thing toqrememh?t 1s that the respons1b111ty for lesson

B

Vol
\1%’

\

,;unlt constructlon descrlbed prev1ously. It.}s‘suggested thatWthe’

¢ . =3

:ﬂﬂ each of the stages é}"unlt.constructlon mlght apply . The follow1ng

"

’ llst of unlts mlght be examlned as -a cross- sectlon of the materlals

availablél'

Pendulums : o : L -

Ask the Ant Liofi- ‘ R
. Chicks in: ‘the Classroom - ) Cd

'Sinking and Floating

" Tools for :the Classroom'

Torch Batterles and Bulbs N

..




[3

- The reader is encouraged. to compare’ these units and their -
development'With anyaother primary ecience\materials which are

available.'

Activities Starting Prom a Clay Pot
- Although a large varlety of materlals have been developed many
'vlnterestlng toplce contlnue ‘to appear uhlch nlght be 1nyest1gated by
young chlldren : For example, it occurred recently to a certaln'
‘scierice teacher~that mater kept.ln afclay pot is usually cooler than
water kept in’ other ordlnary household contalners Could thlS obser~
Vatlon lead to an 1nterest1ng sc1ence 1nvest1qetlon for chlldren7
What experlments mlghc you perform 1n1t1ally to learn more -

about this questlon?

I : . e ) .
/ What materials will you need .to carry out your experiments?

s

What are some of'thevquestions that occur to you as a result of

. your first obéérvations?"

4

Whlch of these- questlons do you believe w1ll Jbe: syitable for

-

chlldren to 1nvest1qate7'

Make a chart that ‘shows the connections among the variocus ideas

~“ . that are coming out of your experimentation. MSuchaa’ch%fty 1like the

ERIC

Aruitoxt provided by Eic:

. o Co . i . ) X .
one'éhown in Figuretl,bcan bé made as ideas occur tb'youi before all
the answers are found t& your questions. Many of the ansuers to your
1n1t1al questlons can come from the work of children in the class—

.room. L L,

' room? ‘Have they.observed the_cooling effect ofﬁclHy pots on water in

C .
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N | " 7 5
their homes? °~ Might you begin-the ,lesson by askihg them to think of . *®
* . the beét wé§ of keeping drinking water cool? Thaese are the kinds of'

questions that a dedicated science teacher must answer. .The reader
A 'i5 encouraged to think of other topics which might be suitable for
c . <

) - development into priﬁary science activities. After working together
' with children, over and over, in new and challenging situations, the
teacher will find that this approach to. primary education not only:

makes primary science classes interesting and enjoyable for the

° .:,

\

.children, but also ﬁakes teaching in primary schools a more interest;

" ing and satisfying profession.
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: " : - ‘ Heati
. : : Measuring of T ezit;g
temperatures | | different
. fuels
= h ' . Evaporation and'
' ‘ ! condensation of
e L :
. . Heating and
f Rate water goes cooling of
. i through different - p liquids |-
. | kinds of soil . ! y
‘ . . S ——— . — ==
| Other Water in“a || . . Uses of.
jprqperties clay pot ! _ watex
of soil - }~ : A : _
b R ) \ i R
L;>\ - Y Taste of water
: A N g from different
:Making pots - | y sources -
) i from different ,
,[-kindsvof soilsj__ \
- Sou of
Taste of hrcés :
. drinking
» water kept :
A watex
i { in“different | .
I pots
) Purificationvbf g
° drinking water
e
i
Figure 1. . Flow chart showing ideas . connected
with keeping water in a clay pot?\\ -
. o7
q; 9 '
. 1% R
i @
el
o ,
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Chapter 2: AsSEssiﬁg‘Childfen‘s”Experiences”' S »_fﬂ;w

T
We will examine the question of a§sessment: in a'praCtical-way

using what we woGld like to call l"worksheets" You are’ encouraged

a

-actually to work through the. GXEICleS in order to get the most out of

this chapter- This 1is important in order to understand the full im-

. pact of ‘the behavioural changes involved. Learning can be exhibited

“in variouswmays. ‘It .appears not only in_mental skiilS,”hut,also-in.the

way children react to various situations L changing emotions, feelings

. interests, These are usually regarded as being in what is called the

. o o
affective domain. . s

.‘ ) n P . l et b
There'are other ways invwhich‘learning is-manifested.. For instance,

'there are the skills in manipulating, designing and modifying apparatus,

equipment of even toys Children sometimes exhibit these skills to a

marked extent. ‘Such skills are usually put in the category of psy—~

-

chomotor skills — o .
i — s
‘The affechve domain should always be given ‘equal prominence With

both mental and psychomotor skills-in testing and evaluation of child—

We: recognize the importance of testing as an inctru—

I . , e

ment of evaluat'on We are opposed not to testing, but to poor testing,

ren's learning.

too great an emp] aSlS on testin or even making testing.the most im-

‘portant ineans of evaluation.

Worksheet 1 Fa 'liarity with questions
The problem lof evaluating children's progress and work is always.

difficult when th teaching,aimstof a course‘change, and when the course

| €y 5 8y w L .
i o . . .

{

Yo

‘(
o
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m'materlals demand changes of behaviour: for both teachers and children.

The ract that it may be dlfflcult to and new ways to ‘evaluate new T
courses is no excuse for not introducing these changes.
Read the following excerpt to see one of several approaches that

have been used to help;teachersbecome more famiiiar with different
ways of evaluating their pupil's work.

‘Bnswer the questions asked in the‘following paper  yourself.' Dis- . -
Cuss your answers with your colleagues.. How'many answexrs did'yog"change

rafter having talked about them-withlyopr'friendsé
' EXCERPT: EVALUATION AND TESTING - : R

N

" When one has been involved. in a project of some kind, be it per-
sonal, communai,_official or otherwise, it is ‘usually a-good idea for
one to "look back" and judge the value of the tasks performed. -Doing.

e this provides the mind with a frame of reference. . For example, if one

3

- ¢ - .5

has been charoed with the'resPonsihility of constructing a dam from'n
o Z.iwhich watexr can.be pumped to supply toha certain.townshrh population;.
:he‘or she'would'be_interested to‘know how well thevwater supply‘meets“
phe demand'of'the pooulation»when.the project is conpleted. One_ﬁight
‘\.‘h start:otf hy exanining-the.ratenof-water consumptionqand'comparing rt
with the_amoqnt of-water shortagefatfdrfferent,times of.the,year, and
v & . . S , L .

-Ldecide what toido to‘awoid'it.'_This kind of assessment'or evaluationd
“,_%15 usefuI,.fére;t‘helps rn;the decisdon_makrng érocess regarding‘:
future oianning.--‘ e : - h.':' E . .{
_ After hav1ng worked wlth your pupllS for say a term, you too.may

-‘WlSh to flnd out what exPerlences they have had and what they have

R

. ' " oasy :
Q o . (D IR MRS 3 = \,

ERIC -
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Toe
3

S ’ . _gained from them. GlVlng the chlldren a test-is the usual way of evalua—;

o

“ting: puplls' achlevement It mlght be mentloned here that the Gu1de-‘

o lllnes for Tenchlng Science ‘in .Standard V also called Class v suggests_
certain .skills and attitudes that‘the children should achire as obé
" jectives of primary science?education - The skills. and attitudes galned '

' should ‘form part of the baSlS for examlnlng your class. -HoWeyér, you

'may find 1t dlfflcult oX even lmpOSSlble to examlne by a written teést -

a*

some aspect of their educatron, SUch.as, self confldence; the ability-

: to ask lntelllgent questlons, curlcslty, or respect for other puplls

J
-~

opinions. ' As an alternat1Ve or supplement to a wrltten examlnatlon,
you should keep - a coqtlnuous record of the performance of each pupll

. { : 'a~_1n a-form such as the follow1ng. =

o

A, In a'specia ,notebook, set asideﬁcne to ‘three pages for eachipupila
s
: B. LlSt on these. pages the different behavlour traits which the orl—’
I . mary sclance lessons are trylng<to strengthen, and leave a spaceito

-’{'f mark.each_tlme these.tralts are observed. The chart could look like

» .

4 this. .. ' ’ ' . » 3
) . Behaviour Trait - o ' : -Tallies (marks)
] . i B . . . '., ‘ . . { . |
“ 1. "Asksuintelligent questions ' S Y A
. 2. Makes accurate observatlons L -ﬁ///

3. Keeps neat and accurzte records ' L1117/ ,
4. Has paziance when dolng=exper1ments 7 ‘/// '
5. Showsz: . -=arest ln doing 1nvestlgatlons ] ///////p'

B ‘Thus, trzit ,umber l has so far béen - observed tw1ce {two- tallles)

&

. the second tzz2it three tlmes, and so on. The chart should be'bnilt up"”

and when full =z newione-shopld“be_made.' Continue to record cw the

n . ,:r, i
oLl

N
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"chartvthroughout the year and.then decide.for yourself what useful in-

formatlon thls glves you regarding the progress of each Chlld You

may be ‘able to think of other ways of keeplng such pupllS records.

The 1mportant thlng is that these records help you the teacher to glve

your.puplls the best possxble ‘education.

C. The followlng characterlstlcs of behav1our could be consrdered

)

together W1th any others you may‘thlnk valuable. I
A -t

wllllngness to share one's work with others,
v Patlence and determlnatlon shown when worklng on a problem
. Orlglnallty of 1deas and search for solutlons to" problems

Offerlngone soplnlon when ‘in dlsagreement w1th others.

1
2
3
4
5. WllllngDESS to change one s mind in the face of new ev1dence.‘u
6;A WllllngDESS to compare one's results w1th that of other people
7 Ablllty to keap records

8 -Ablllty to make accurate predlctlons.

9

, wllllngness to repeat 1nvestlgatlons (perhaps more- carefully)
o so as “to establlsh valldlty of prev1ous results.,
’ lOr cooperatlon Wlth other chlldren
11, Contrlbutlon of materlals for 1nvestlgatlon

l2.' Ability to. ask questlons and to plan' an experlment which will
help to’ answer the questlon

13. Eagerness to 1nvestlgate after school
14, Curlos1ty .
15, self confrdence.

16. ﬁespect forother'people's:ideas; o : N .

[0

D. In addition. to these behaviour traits; you might:w==t to describe

-t . ) N

_l,- The range‘of;actiVities each pupil has beegﬁov-alvei.in and
~how.well he or. “she worked w1th those act1v1t;es,

&

. Any’spec1al or extraordlnary performances by a pugil,

> "3. General interest shown on science lessons. -




e~

{I think you'will agree”withrme.that record=card9 such as these
could go a long way toward contrlbutlng Vltal lnformatlon about a pupll's L

progress in science.. Although it .may be a dlfflcult task to carry out ‘ Ty

“-it-is, nevertheless, worth trying. You may find,it,easier‘to make
-your-tally marks: right after each science lesson, or’even>duringrthe
lesson itself. It is hoped that these record cards will heip.you to

understand your pupils better:and to’ evaluate their-progress in science '

in a more systematic and useful ‘way. . ' ' B _ S
E. Returnlng to the end—of term wrltten tests, we can now see that
bsuch te ts mlght form only" part of. the pupll's progress report for the F

ﬁl-term. However, wrltten tests sometlmes have thelr place. The klnd of .
written'tests usually given_are either (1) the‘essay:type test, or,’
- (2} the short answer or objective tyﬁé test {(or a combination of_both}. _ : !

Each of ‘these two tYpes has its own characteristics, a summary.of whick

. 1s given below.

L Chazracteristics of two types of tests
Essay type tests: . . Objective type .tests:

1. Givescopportuni:yufor candidatas Difficult to set.

tc show self exmression.

1
» o _ _ 2. Easy to mark.
Is latively: ea . . e

2. Is xe athe Y easy to set 3;“Eas1er to score accuratelv.
Test: iginali ' ,

37 Tes‘s.for'or grn'plty and . 4. Can cover a w15e range of N
organisatior. =f ideas. : . . ST

s fODlCS . :

4. lefl"ult tz ﬂark a.lld scor'e. . - o
5. Uswally presents nd¢ specizi

accurate1y . e : s i :
o Tt difficulties to students ] <
5. Covers a, small subject area at . with lanmmage problams. o
any one time. :
: . i 6. Dces. not.allow candldate T e
6. Can present a special problem ~  organize ideas and put thex
' _to students with a language*ﬂ~ "down 'in essay style
'problem , . ) Ve ‘
| | 327
! & : - !
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7. . Difficult and time consuming ~7. Does not allow for depth of
for young children to write S descrlptlon of a partlcular
. an extended discussion. . topic. ‘ .

", !

i

Example of the aboVe tests:

Essay‘type test: o '{ N

1. Descrlbe the different klnds~of seeds that you have collected.
2. Descrlbe the behav1our of the grasshopper you have been keepnng -

P

-in your cages in the classroom SR . oo .

Objective type tests-v

o I True/False type- A bat is a mémmal'(trge'or felse?) -

2. Pompletion- Food in the onion is stored in the

3. Matchlng- In column A 1s a\ilst of words, Whlle in column B
;lS a list of descrlptlons _ Next to each /word write the num—

 ber Of;the“dESCrlpthn that best fits that word.

Columan o ' .Column'B
Lior. . 1 ?iants“grow in it.
'%;: Eclinse 2 We breathe it ' .;{-5
Soil. : L 3. It is an animal. :
© Aiz - ' _ ;h'»‘e. 47 It oroduces e Shadow;~
‘ | Sar"It‘usuaily sings.’f
. .

It flies.

4, Multiple ::oizei"ci591e the letter that contains the best
! '.A;"r' o . RN

| ar=zwer. S S,
N . © B -
" . A solar sziizse occurs when.

A. - The =arth’is in,a'straightrline between. the sun and the
moan. o : . . o

The moon blocks off the light of the sun.

- ~--CvThe-earch shuts out the light of the moon.

- " D. None of the above is correct.
: s _ a3 = -
; - . 310 -
i — - - sooT
| .
Q P ‘ f R : >
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‘are obv10usly wrorg. In such an e<erc1se you mlght be able to appre-

“wouli

'often'written t=sts cend to dwell on the straight recall of informz=—-ion

. nne co_rd test for tne ability to observe™

~what they are-t—ring to~ accompiish through education Jin the primary

[ERJ!:‘GQ::J
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‘Whether auestionS\are of essay or objective type; one should re-

o~ o

member several esseﬂtial characteristics of a good question

l.__Clarity. A ‘question. shoula not be ambiguOus - The candidate

@

&
should have .a clear understanﬁing of what the question is

asking. : » - = ; B
. . . _ . :

2. Suitability ‘The language used should be at a suitable level

. 'according to the background of the persons being examined

."’3?“_hength. The question should be as brief as poss*ble ‘Wordy . -

questions tend’to confuse chlldnen
' . .? ” .’II
Thlnk about the characteristics of a good question. . In the‘caSe~

- ¢ 2 . . Y

of mul 1ple choice questions see if the alternatives to the correct
. . D

P4

_-answer (called‘distractors) are well chosen or whether some of them

" ciate the idea tha_ sctting good objective tyre questions is not an

easy task.

F. What =t Test Fox:

A teacher could present children with certein-tasks‘to perfoas

- whicz dould test for those attitudes and skills wentioned earlier -ich
‘v‘l o N ‘ ] z

)

Aiff -t +to test for by'means,of,a'wrr:ten ¢Xamination.

\. : ‘.,,:- g
E

thouc:,:hey car te”t for other thfngs HOWever, a written.test“couid
\ o
be g‘ =n in conJuch_on w1th some practical ptob’ems to wolve " Thus

AN arefully, to‘interpret data,

and to tnink and reason in a logical way. Te chers must ask “ne

- \
scheol. Or, in cther ‘words . "what do I want .these childrenVeVeqtually

BN

: EAR RN . ' \ ' L ' f‘;::
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to become?" The answer. to thls questlon w1ll eontaln aspects of learn-

ing skills, acqulrlng att;tudes and learning. ceitaln pieces- of infor-

mation:, These qualltles of education shodld as far as pOSSlble be
greflected in the kind of tasks presented to.the-ehildren, and hence

in the kind of assessment or evaluation made,
- Below are some sample griestions that mighf be giVen-toschildren
in upper primary classes. When,thinkihg about these sample questions,

)

‘try terstébliSh what each question is calling for on the part of the’

' person -being examined.

L 1. A group of game scouts .caught scme poachers during the night.
- The full mocn was'shining difectl“ over their heads. Later, when

Jthey arri&ed at Tthe police statlsn, they wefe “sked bythe offlcer-

-in—ctafgerhat time they had.zrrasted the poach:ers. Whichvof ‘the’

folilowing answers wouid you give?

A. 6:00'p.m. . . 3:00 o.m. C. Midnicht  .D. 6:00 a.m.
L2 Some children in z primary school noticed that -ertain kinds of

WOXTIS only come to the surface on very cool evz:ings. Jﬁma says

that 1t is because they do not like the strong sunllght His *

‘frlendsrsay no, 1t is becaUse *hey do not .1:ke warm weather.‘A

. #{;: )

- - What are‘some Things you cculd do to show wiezmer-Juma or his

SN e, frlends are rigat? ,
.. _could: they'both be rigat?

Could they -both be wrcmg? ‘
How could you ‘demonstzate v1ether your ansQers to these
two questlons are. really trae? ) B, ’

ERIC-
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L :;/_ 3. ' Children in a‘school near Kitalefmade‘a‘large'collection of seeds.

-

'They inygntedathéwfollowing»systanfof‘naming:their seeds.
R - , ‘vl<55;;ﬁﬁ; SEEDS :;=t5=====§5 o
C ‘ - j - Seeds. - ~ ' _ Seeds not ‘ "“_
o founds in o . found in T
~ oopodsy, . - .. ... pods
‘Seeds that™ . ‘Seeds that Seeds that h-. Seeds that
split into _ - do not . > split into = do not
two parts split into " tworparts -  gplit-into
/’ o= two parts B - two parts °
. o gf 3 %g l&
Round . Long . ' Round ~ Round ALong 'Round Long

shape' . gshape . shape Shape . shape ' shape shape " shd?
T

L3 4 il: R

Moon Kipsiges. Stone: Boat » Twin Shell .Ball . - Stick .

peas beans seeds seeds seeds seeds seeds . = séeds

Acording to .the system of naming-

seeéé_thaththese“children have in-

vented, what is the name. of the seed

in the'drawingz

. \ . ) . .
s 4. The moon was seen in the western oky as shown in the plcﬂure

What tlme was it?-

© . 'a. 10:00 p.m. - B. Midnight _C. 4:00 p.m. 'D. 7:00 p.m: "
- - ’-f“V. g ’_p o S E;Zcif o o Lo

Q

EMC‘-:;, o
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- Some. children in Standard V. foxmed a musiCal-group, and

sed the
© following instruments:
‘Instruments for blowing in Instruments for styiking
, ] . Pipes S , " Drums o t
- - Flutes o " Guitars
: ' Bottles - _ : Gongs S
N e _
_ Some- of thesefiﬁStruments are; best for making low notes, while
= 3 others are bsEE§§*for,makéng_h;gh notes.
. L, T ¢ N : -
“ » - i i - ‘%..
t o
L

.
. ¢ ‘
A ‘line has been drawn from the drum on the left hand side to the. : -
guitar on the right hénd_side:'quaw a line connecting.each instru-
ment on the left hand side to one and only one instrqmént on the
. rxight hand side,'ﬁsing‘thé'information given above to decide which
‘instruments belong together. ° 1
? . | o , :
6, “~Answer' the following questions: . ,
R . i R ’ . } “. -
S A lion is an example of: . .
“a) “An omnivore; cl A-dqg; ol e L

b). A herbivore; S d) -~ A carnivore; -

o
e
0o

1.»1 : S

Q

' . - . ; ' .o ’ oL . : MY to ’ . - .
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7. A.likelyflife cycle“for?a moth is:

a. &gg - gocoon - larva - moth 3

K : b, .egg - larva -.caterplllar -~ moth . =~ . B ’

r/ . ToC. egg - caterpillar - Cocoon -~ moth - . *, o
~

. - " d. egg - cocoon -~ caterpillar - moth o '

_ . L . -,
8.  Four dlfferent llqulds were carefully poured into, a tube. They %
made the layers shown 1n the dlaggam ‘
The tube wa . then shaken After it

was left to settle, only three < e e
3 o . o . }-. .
layers were observed. 'TnASfproves e o

4
i that: - - -f»f»_ - coo-

a) Two llqulds are.nearly the same_ welght

- -

b)" quhld A mixes .with- lquld c.

c). . quuld A mlxes w1th llqu1d C and llquld . ;i_ | : -i .
B w1th lquld Dl_ o o R E | . ¢

T ) That two of the lquldS mix together.

- s WorksHeet 2 Class1fy1ng Examlnatlon Questlons : SO
. B . .-—-m . ) o s -) _ o
' Examlne the questlons asked in the _previous extract agaln ErY*<-'

' mETE e
; / » to decide what parlcular attltudes and\skllls each questlon is trylng

]

e W”; - to test. Compa*e the notes you have made w1th those made - by your : _

d . B

tg”‘, colleagues To help w1th thlS task read the follow1ng extract from

the Guldellnes for teachlng Sc1ence 1n Standard Flve wrltten for prl-'

.

: mary school teachers in one of the EFPA Member States..

,

K3 : et
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EXCERPT: GUIDELINES FOR TEACHING SCIENCE IN STANDARD V

INTRODUCTION

' BS we prepare our lessons in science for the children in Standard

.- o W R A e :
V, it is important to keep in mind the purpose behind Gur efforts. As

- with many things we do, there is more than one :éason for teaching

..
,
!
3 .
|
: :
i p
; v
ATy
-
- ¢
a
T
‘e
oL
N
‘\ B
' N
N
N
A
O
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science to young children., ~ We can name three general goals which we
would like to achieve as a result of the experiences our childreh_ﬁill

‘have from their science lessons. These goalsfafe-thé'fbllowihg;

°

i. To help children acquire or preserve certain useful attitudes
‘ .abouﬁ'themselVeS*and their relatidhship with their environ-
ment', v
'ii. To help-children learn .certain manual and thinking skills

‘which-are useful- in gsolving Qrécticél'pnpblems‘from every-
day life.. N ' ' '
. S : : _ o
iii. To help children acquire a certain amount of information

which is also necessary §9"solve ;ﬁe problems we meet in
}H:odern,life.&_' '> oo '
Quéstion;: S . T o L I
A syllabus already exists wh%éh covers a great deal of science

v

materiall Why isumuCh time.énd effort being spent to prepare a new

set of- "Guidelines?" : o . .

5
Answer: " B

" Because of the historical dévelopmenf of Science teaching,in pri-

‘
a3

mary schools;_moét of the time in the past has been spent giving

"“children infbrmétion"(sée goal iii.). The emphasis.shoukq5how bé

L. o i - | . L
shifted so that goals i and ii are also given.their fair share of

i

attention. - . ' , . )

e W . €y Oy 2 . - . s -
, PR -
. » 3 . .
. - . ‘:3 Ge e , : . 6
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| SCIENTIFIC PROBLEM SOLVING SKILLS

~ 283 -~

- of cburse, we want children to learn more-ahout the world around
them. HoWever, we also want them to acqulre those Skllls and attltudes

which help them. to live better lives as productlve citizens. in their

\
society,

3

Each Science lesson or activity may help to achieve. one or more

. o -
- of these threae general goals. If a lesson or series of lessons has

helped to achieve all three.goéls, then the teacher can be particularly
. : . : ‘ i
g
R

' Certain skills are needed in order to apply tHe scientific method\

“to solving problems. The Rrocess oftsc1ent1f1c porblem solV1ng can Q@

~

' seen. as a contlnuous chain through the" follOW1ng steps. o .

S : Tl
i. L'Dec':'Lding What the problem is. . - :
ii.,. Collectlng 1nformatlon, making observatlons.
iii, Making predlctlons, bulldlng a theory«-
iv, ADOlng experlments, 1nvest1got1ng
V., Analysis, comparlng experlmental results w1th theoretlcal

. predictions,

Obviously, we do not consciously think about” each of these steps

every time we try to solVe a practical problem; The approach we use

to solve our evervday problems . becodnes a habit. It is during the

early years'of our'liVes that basic patterhs of behaviour are established.

1

Therefore, it is all the more important for young chlldren to go through

‘this process of problem solving. This p:ocess_should be applied many

times over, to problems at the children's own level of difficulty and-

interest. Among the basic skills'necessary for carrying out this process



=

o
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. any questions. which arise from their work. . It is.the task

- 284 -

‘of scientific problem solving are the following:

A

Asﬁing Questions, Children should be encouraged to ask
. . N < . ’ . - ‘t. - .

4

of the teacher to helE,théﬁkhildren find answers.to their
b

o

qpestions through thelr OWIL - observatlons and experlments.

(et}

Instead of glVlng +he answex dlrectly, the teacher should
help to put the chlldren ‘in a s1tuatlon where they can flnd

out the ‘answers for themselves.' Sometlmes thé& nature of .

E}
/

- the'childsen's qnestions makes this impossible . In this

case, the teacher should eitherx glve an honest ainswer or

Walt untll an answer can be found The_children should
: e .
never be cheated by the teacher trylng to cover. up h1s or

.her lack of. knowledge Remember, no person knOWS all the

answers! .

b

Collection of Information. Aall of‘our senses can be'used "

to learn_more about»the'wor1d~around us. Chlldren should

be encouraged to obserVe closely, as well as to listen, \R\
feel, smell, and sometimes,even taste, ’ Sometlmes 1nforma-
tion can be obtalned from sultable reference materlals;

L

Whatevexr the source, cdreful gathering of information often

leads to new problems to solve.

il
4

Making Predictions. Prediction is not the same as guessing!l

We make a prediction‘Only after ‘tareful consideration of
: (S o o

the information available to us. In other words, because

326

P
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.
we observed that certain things took place in the past, we

SUppOSL that r=rta1n other thlngs wlll happen in the future

" For example, 1f the p051tlon of the shadow of the flag pole

w
¢

'ls marxed at 9 OO »10:00 and ll 00 in the mornlng, then

"the .children mlght be asked to predict where ‘the >hadow

-y

wrll fall at noon, Although‘thls process of prediction

may be seen as a game, it is one of ‘the m0st useful tools

1n the sc1entlf1c method

iv. Construction and Collection of Apparatus. As the need
< i oy S ‘ ‘
‘arises, the childrenlshould‘be encouraged to provide the

apparatus to carry out‘their investigations. This‘can be
\

\ ' ‘
done largely through collectlon*and constructlon from local-

@’ . . ‘

ly available materlals. The teacher should take part 'in

this asPect of school science lessons in order to increase
& . N\

the varlety of‘materlals available to the children (see

"~ the Prlmary Sc1ence Un;t TOOLS IN THE CLASSROOMf\ In the
event of. shortages of equlpment a‘possible solutlon is to
:d1v1de the class into small- groups and to rotate the avall—
able equipment among the groups so that all the children
‘have the‘opportunitp'to'carry.out differentfexperlments.

o v Everyﬂschoollshould haueia "science store".in vthich to keep'.~
- . gquiément not in use. In this‘uay apparatus constructed:

and materials collected by oné class_can be used in“
successive yca#s.

\

-
N
o
:.\b
-

I3
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‘Drawing Conclusions. Children should realise that they can

Tho children may use their vernacular if this is .4 more ef—

' Therefore, thOse thinkinq skills dcscribed above .should be

Sortihg‘and Classifying. Children’ should be given the. «

A

opportunity of grouping things in ways that they themselves

: believe are suitable Thisvprocess‘of sorting and arranging

things gives the-Children Valuable practice in making deci-

sions; Once tne children have had a chance to express their
[’ :"' 3 f ~ 5

own ideas, the¢%eacher may  want to pornt out other useful

- ways of classifying materials. Through an'orderly'arrange—

ment of collected materials, pattérns may be discovered which'

help to solve problems or even lead’ to new ones..

,_i_vi}-»Recordingiof Information Lhildreh should be encouraged‘

-

to keep a record of what they do and of what they observe

These records may be in the form of draWings, charts and

reports. It should be remembered however, that a sCience

lesson is more.than a leSson in art.or writing. The" records =

the children make should be seen as part’ of their sCientific “;

investigations. - -

PO

learn from'one another. lhey Qhould be. encouraged to ex—_'

change information through reports, displays and discuSSions

.fectlve way of communicating among themselves.. Whlle work»

~ .

ing with children in Standard v, who are usually bctwecn .
T . ’
ten and twelve years old, one'shduld remember that Children

at this age'are onlylbeginning to think in’abstraCt‘tcrms.

. .

N U
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encouraged as much as- pOSsible by working in practica& satu—

ﬁ/) : atiOns For example,‘when learning about the difference

. ) T in leaves, Lhe children should collect handle and study a»'

large assortment of real leaves, rather’than merely.listene'

«

ing or reading about them. Although children of th:s age
-:; ': o o are not used to solVing problems in a formal way, they Wlll

.greatly benefit from the opportunity to become gradually

~ ¢

more organised and orderly.in their thinking.

i

FomwTION Op pEmmmunes < - |

‘ _ l

. In order to make the best use of those problem solVing skills
i

discussed above, children should have certain attitudes about them« R
- selves and their relationship withntheir-surroundings._ Somefof these

attitudes are natural in young children, while others mUst be learned

v
¥

as they grow older The tasx of the teacher is to try to preserve

. \
_those useful attitudes which- the children already have, as - well as to

»install new ones which do not 0ccur as a natural development Some

i - ,\- ' ) _a\:,
_of these attitudec are the follOWing. , Vot

g i. Curiosity; Mostbchildren‘are naturally'curious;V:Part'of.
'ya ’ 'p,:the teacher's jobnis'to‘keepithisbnatural curiosity*aliVe”'
as”the childre- arow"older.‘,Therefore, it is important
that the problems which are dealt Wlth are interesting to"

'the children, and.that“the children are able to solvefthese"
: 1L LOre SlLLeEe , € > The

problems at their own level; of understanding. _The.natural

S curiosity.of young' children can be one' of the greatest helps

] . ‘ . . . ‘. : B . . N . . .
. to the primary school science teacher. ‘ R
LN . .o N e e T s : ., .

.
3

© 849
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oo * Remember that the teacher is not eXpected tQ know the an-’

swers to all the questlons the chlldren ask The teacher

. . should be aware. that 1n sc1ent1f1c work the solutlon of

o

»one problem often brlngs more questlons, Whlch in. turn may
: S .
..lead to further 1nvestlgatlon Thus, the curloslty of the

chlldren is. an extremely lmportant part of school sclence

Y

Ry
e
E

- classes. e :
N b . . N ﬁ(,‘

St

li.' Practical Approach;to-SolVing.ProblemsI"‘ChlIﬁren skould’

be encouraged to f1nd answers to their cuestons through

their own observatlons and experlments. I= this= approach

to solv1ng problems becomes a hablt then'*ﬂ fols ldren w1ll

2 . o N T A N

o

~‘be better prepared to deal with the problﬂ*=f*hey will face
- as adults.

.
-

ill. Self-Cohfidence. This is perhaps one of the most lmportant

Lo : L . ’

[ attltudes for the successful solutlon of problems ‘ Without:n
.“the w1ll to attempt to solve a problem, the problem cannot,
" of course,,be solved. This feeIlng of self. confldence can

be strengthened in young chlldren if the] experlence many
b N . s . . .
.small.successes-and then-recelve approval of these successesﬂ_
1 . :
tfrom the teacher. Therefore, ‘the problems the chlldren

\

hattempt to' solve: should not be so dlfflcult that they lead |,

”“f*f—~4 ‘ ..-"“an ' to frustratlon. '¥

S ' ,. iV.\“Genuine Interest,’ If the children are. truly lnterested

”1n thelr studles and 1nVe1t1gatlons, they W1ll be thlnklng
330
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aboutjhowito learngmore‘about“their.fleld"of‘interest'
rather'than how>to please the'teacher.: The teacher who has
a good understandlng of his or her pupllSIW1ll be able to
:g?“'- . ' f: | . “make the chlldren feel free to say what they are really’
thlnklng, or to ask questlons Wthh truly 1nterest them

Teav o T 'Thls is made easier if the teacher lS more lnterested in

the well belng of tHe chlldren than in the Facts that mlghLA‘.v

RO “be ’earned

B

v. . Co-opez=tron. By w::klng togetner wizh ot=ers in groubs,

childre:‘can.learn to appreciate the wvalue of~co—opera:ion.

Howeveré the teacher should try to ensure. that all the

o

: chlldren in the group part1c1pate in the aCthltleS ofv_he
group Otherw1se, some", chlldren may lose part of . the Value s

of thelr Science lessons. . -

4 4 A
\ 3

o vi. ‘Responsibility. Whlle worklng together w1th others lnv

\ .

- small groups, each Chlld can be: glven the respons1blllty
" to carry out spec1f1c tasks ._For example, one child may_h- -
be asked %o collect as many green leaves as possible, . i
. ‘a'h | whlle another- child goes to look for yellow leaves. -Approval
from the other chlldren ln the group helps to build ths -
L ’ sense of respons1blllty. o \ o ' - ,
‘ Not all of these attltudes will nccessarrly be stlmulated by the

o . \ -
same lesson However, sc1ence lessons in prlmary school classrooms
\ .

' can be used to good advantage to. help chlldren acqulre these attltudes.

JIf the teacher lS successful in. thlS aspect of hlc or her profess1on,

. - S \

338 ¢
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and discusSing 'them with colleagues is the best way to learn how to

‘in quUlds in Chapter l of Sectlon 3 of thlS book : WEiE@ two questions e

:.of your teachlng and your pup1l S progress.

.f_290-""

\

‘then the chlldren will be in- a better position to tackle the everyday v

_problems they will face when they enter the adult world

- How can’ you determlne when the chlld shows

v(i)‘.Curlosity .
ﬂ (ii)f,Practical Approach«to'Solying Problems
(iii) self-Confidence o } L ’“”‘ B
(ivl  Geruima Interest. = . : I L

(v) Co—ozeration’

(Vl) Respc:slblllty°'

. _Are there;seye:zl ways of deciding.on each oﬁlthesévattitudesi e

Ve . D . . P

Worksheet 3 PractZ=e in erting Questions

Writing'good quastions is not an easy task Perlodlcally throughr'
. " oo
out thls course :you will be asked to wrlte ‘questions that could be

a7

-used to test the work you yourself‘havewbeen doing,- Writing questions‘;..” T

-write'good questions.

SuppOse you were the teacher of the: class that wrote the reports
. w .

IS TP

¢

) testlng the work of ‘these students "Aslo write short notes statlng

:what attltudes and whlch scientific processes you are. trying to test.

DlSCusS your questlons and notes with colleagues if your group _-'”_' nfj y
g Ll
' {

‘Worksheet 4 Assessment‘other.thansWritten Tests = s

S

There are many other ways, apart from g1v1ng your puplls wrltten

T

'tests, that are certalnly more effectlve ways of evaluatlng the success

i



: Re~reaa the excerpt on Evaluatlon and Testlng (Wor&sheet 1) in

& addl ion tco the ”ollowrng two papers - ' ‘ : ' J K
Havlng careinlly read these papers, sSuppose you were plannlng to

'have your puplls ,Xplore some. of the toplcs suggested in Chapter 1 of

~

N

" thls sectlon Prepare materlals that would enable you to- evaluate

';rcontlnuously your pupll -5~ progress and the Success of your teachlng

Of the follow1ng two extracts the flrst.fe«

"

" Extract 1: ‘Records — °

One' important reason for act1v1t1es 1s 'so that Chlldren can develop

- \u

;;i@dividually. To encourage thlS development .the teacher needs to be
- ] -
aware of the problems of each child in the class ThlS is. why it is’

lmportant .for teacners to keep a record of the work thelr puplls have" »
S . . . o ;.4 K ’,hk,'m“"f:

';done” The recoros snould show the range of act1V1t1es that each Chlld

xlworked W1th durlng the term Added to thlS .can be a few notes to show

’ what klnds of thlngs each Chlld did wlth the activities and any Spec1al
-:problem a~chlld mlght have, as noted by the’ teacher ”ﬁ . ;~' e

B Some teachers keep a notebook to show the work thelr puplls dc

du- ing the act1v1t1es perlods Two or three pages in the book can be \ , - ‘;fgf
set aside for each Chlld At the end of~the act1v1t1es pEIlOd the‘:- g L

'teacher can rapldly note’ down anythlng 1mportant that happened durlng
-.thlS perlod ." L T S

' This is an,example of .records one teacher kept:
Aloys S o - L g ' A

e s . w . Y

_ -.»;:week'B. Worked with water and sand all week.'kMuCh‘time SPentjtrying.> “ ‘

.\}. W\ ‘.
ERIC
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1 .
. to_discover how to-s:phon. Was eaxly at =chool to'make sure

1n§d plastic tube. Used siphoning in his:zand play.

-Week 3. 'Monday, Tuesday -~ wizh water. Unsuccess®=lly tried to siphon.

Wednesday - withJClay;'

.:W:- Thﬁrsday - with clay.

'?riday - finds mirxror. Plays with ‘clay ==dels 1quggg§_of_____;e_;:ifff+f

mirror. Looks at plctures in m¥—ror

-Ibrahim

- Week 3. Worked”with clay; water and'crayons. "With- Aloys.' Cléy'wifh
Ksani. Also drew pictures whlle looking in mirtror. I drew
..a'Vv and used mirror to. make a dlamond " He ‘then did the ‘same

[l

thlng w1th dlrferent shapes. i S

Week 8., Worked with Juma and Mwalami.. -

é;m:;Qme:_. S\ e

- B Thére are many different ways of.keeping'records.v EVery teaohef"
’ ' should do his in‘the waf‘he or.she‘Wishes.1 Records should be useful_

\]

;and must not take" up: too much tlme to. complete

~

: Here is-angther wayvof’keeping records'that some’teaohers havef'

v used:’ . s
: ~ @ e
Week 1 : SN . Week 2 ' Week 3 - Week = 4

Abdu  Sand and water. Wit With Abdalla and

v " . .. 'both.materisls ‘experi-\ - Ali. Filled con- . ‘\,
N o  mented trying to get tainers with differ- . L
, _ . them to’ flow a long way.\ ent amounts. ‘With
L Used pumps and; bamboo .  \other children trying"
' Co Ui trough.. Also tried .- - p'make water filow a
,'Maklng dlffeﬁent sounds long'way. Crayens.
' Made two storey house. . . —
.. with blocks, ' R
) . o ay B R
o - P T
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Week 4

Week 1 - ‘Week 2 ' Week 3
4 Bbdalld - Sieved with dry sand,”  See Abdu. With:
' - wet sand and water. " Pili on balance.
" = ! Tried to'siphon. -Clay .~ Ordered blocks in -
modelled dog. Used teims of heavlness
. - tins to .drum on. With . . Knitted. Ea
. " blocks -and stones on- — e
~balance." Uncertaln
" which side t& put’ -
- things on when balanced.
Ald M, Modelled strange cléy With'Jacob iq-watér;
- ' .- face. - Used funnels,A used tin with holes-
tin with holes up the up side as reserxvoir
side. .v ‘ _and caught water.
Trough in dry sand ‘flowing out from
ks -Makes rattle w1th tin bottom hole. *Crayons.
and dry sand : -See Abdu music.
CAli K.' ’Blocks;'paints. -
: T Unsettled week,
5. ‘
“Irn' na \ ‘:
. The following feading is taken from a Source book of
i ‘ways ‘to evaluate new science programmes.
- . N = C . B
- IS - .
! T
2 -
P -
/
- . ‘ :
B v ! . |
: ® T .\ ,’ “
. ~k’ H
~ : 3 3
Fd § \ .
. ‘ - . - 5
! ) | A
L.
O . - 1"\}

E
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What you'gan-Look for

Extract 2:i
: X
If there .is no list of facts to be followed, how can a teacher or

Ny :
a visitor tell whether children are gaining from their .science activi-
.. z . : B N ] .
The first- few

- ties? -
These notes are fof both teaohers and v1s1tor5.
The last two pages ‘are’ malnly for»

e e i e e

pages are malnly for V1s1tors.

IS

LA L
L
.

,teachers. o . .
if the children are engaged,in fruitful act1V1t1eS, there
look as

" First, i
Wlll be real things in the room to learn from, and they w1ll
Here are some examples. ‘

1f they are belng cared for and used
- One’ ‘class mlght have 20 ot 30 or 40 or 50 tins and contulners of
B ; varlousvs1ses, with plants gfoWLng in them. Thls class:mlght also have )
' ~some planted outdoors. Or the olass mleht;haVelsome hand—made musical ';d"'
1nstruments hanglng from the walls or from the roof ln thisoolassi

‘there would probably alsovbé some~materials for maklng instruments -

‘.

AV . .
wood,. wires, reeds, tins,
' et Ce

1
o
bamboo,

)

s
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A class inight have boxes of sand,
with'insECts_li.'ng infthem,'being
ST cared”for;.éygere,might'be some haﬂf—
o . made scales, w1th dlfferent thlngs e »
B ""
- !
welgh - bottle tops, stores, used ‘ \-\ : !
o \ . :
torch,batterles, palm nuts, 3011 .
B " There mightybe materials to-buildﬂﬂ
/4 o . N - . et . & L. . . .
" T . N : . : . N . .
" with - cigarette boxes;-reeds, clay,gb o
- = R ’ : A
s wood tlns, sand’,’ There mlght also j
/fome welghts to hang on the con§truc—
\ %  tions, to test thelr strength Ty
i
o L
o . In ;lasses ‘where the teacher has f
; . S e - i
‘Phbeeniteaching this:way for one ox 'two -
: o S .
N . . ? . . "\.: R . . ' .. :
’ - years, and has developegd. some experience and'donfﬁdence,'there may;be_ )
o .”Imaterials for‘several different<kinds of;actiyityﬂalr at once,. , 8 :
. S cond,,durlng the 501enc0 perrods, the chlldren w1ll be work—
; . o . . " e .
ing With those materials.f and not Just llStenlng to the &eacher talk - ° s(
; s - ) 5 s A S ; L
about them, or watchlng someone demonstrate w1th them, or w 1t1ng down . S
what someone telis them to wrr;e dogn§ Whlle they are worklng, the " ’
“ ‘\ -~ B ' " R . ,
cnlldren w1ll be,free to.tal +o one another, to waIk about to;go . : .
i " : /i L L ‘
oy b / o . .
: .outdoors to get materlals that they need._ Some=may'be,making some— ’
. / ‘s 53 - o
thlng, 'some may be uslnatwhat they ha%e made; .some may be trylng to do e
M 4 / - . - B ' A . ot
i a spec1f1c thlng - like making ‘an ant lion go”forward, or. tr@llng a tln. Y
untJl it Slnks, sone/may be watchlng somethlng very closely'
: . ! / S . @
} be trying tOZseé "what'happens if,";,some may'be setting up experiments; - N
. Y ' B . N ; l,'.‘-‘ . v. < C’ f,' . - g . s J . ' o I' v “1
L "/ ] ) Ty ' . ’ 5 - " ‘
. & | |
\ « ¢ 4 x . - !
£y - . . . I . L}
a , " o
: \ . \ ‘ : P
\) . § ‘F. - ¢ -
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7N some may be arguwing about different thihgs they have found; some may

wono N . \

.

.
.
N
/
,
1
o AR F

. be,shoﬁing_eachiother:what*they have "done; some may beiblanning what
‘to do next. I
- ) . LT N - ‘ N . _ o — . )
In  some classes, all the children'will&be trying to do more or
re ' : ' V. . . £ . - G ) : - )

.. o —r® - <

. i Yo S : -
less-the same thing;. ih others, children will be doing.many different

, thlﬂ;) ; Ngither of,these'apprﬁaches is necessarily'better than'thelf _°

- o . . - i

‘.
[N,

- , gther. It depends on th:\ieacher, and it depends on the {nterests of

. f’thé:class. . The i&portan thing is whether the children age busy, know

J
,\E?t they are trying to ‘do, and have ideas about how" to go about dOing

; =

ORGSR memd  mEmm mme

.
f
J
,

" . - P

If the teacher constantly interruPts and addresses the whole - R

. . : . and

class, to. give them further instrﬁctiohs,'that is probably bécause he:

-

) . : . 2 ot : . [N . . 2 ._.'l._ -
is requiring the children to.do something in his way, instead of en-~*

L * . » - oo RS .
‘ ,cOura@ing'them(to try ways that'they have thouqht of .. Similarly, if
0 o ( P

-

‘ X -

the tnildren wakt/to get’the teachei s approwal of what they have dont,'

g . v
R . °” T ¢

that is probably .because they are working for the teacher, and not‘

o R . L . -
=,

for themselves. or, if a, lot of children spend their time watching

©

.-
N
€y

. what a few children are dOing; that . is, probably becauce they do not ' 3 !

- \/ - ' " " I'4 - . . ) .

quite know what to do themselves S . 3 . . y

T - Third during the - time whvn the teacher and cthdren a;e\dis— - !

- ' Ta . , S
cuss1ng what t,ney have done, the children will be talking more th'én . I
Lo the teacher. They will be listening;to eaéh other, andvasking each~ ) A
other guestions, ‘and giving Eﬁeir_OPinionsf _ ) o : ‘ ‘ ’ i

% R fhe.more_children-wbrk in-thisfway,-the better_they«get at it.

: b ) o v A PR o ' . I
During the very fLVSt leséon of‘this .sort ’eVen the very best—*eacnel - ’

. l. . . . . ’ ,g' ‘,.:\-{‘.é«..'. Tl = ' . R . ’

) S . S T s ¢ . Ce
o 'l« o o {3‘50 o - . i

‘ ' St O Ve = Bt : v : _ .
Q ‘ L L s T e, o _ ! - ‘_"“" ] l
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\\\ to the chlldren (as an observor)

=y
v

- 297 - ‘ S

111 probably have dlfflcul Ly, because the children probably will not
have very many. 1deas of thlngs to do; and they probably will not really

belleve that tHe teacher. wants them to thlnk of their owﬁ thlngs to do,

N [

and they probably w1ll not think that they should dlsagree 'with' some=

3

At first,-tgérefore, they will prqbably” C o

thlng that has been said.

wait to be told what to do, not make suggestlons of thelr own, not S

‘\’ 8

talk “tc thelr\frlends about what they are d01ng, try to guess what the

teacher wants them to say. But as chlldren.get ‘used to thls way of
. A -
. worklng, and really belleve that the teacher wants them to try things

B 1

in their 0wn way, they will take-more and‘mdre of the initiative

themselves, ‘

-

So far, you have notlced that no mention has been made of talklng

One Yeason is that you can see the- .~
‘. . .
~.~\_\\__'_‘_ s . . . ) . L
mOst meortant rhlngs just by watchlng - children are more likely to

.
f

reveal what they know by d01ng, rather then by talklng .

P




O

ERIC

Aruitoxt provided by Eic:

i

.as it continues to grow:

. the,teacher!)

[e3 -]

Perhaps when you visit a class, the children will be learning

Sométblng else - reading, . or. English or.. SOClal studies. - and Will

¥

. not‘be engaged in science activities. How can you let them show yQu

. - -
what they have learned?
i

,1,-

Not all children will have done tbe,same thing, or will have paid

“attention to the same thing, so it is impossible to make up a list of

-

questions and expect all-the ohildren to give the same answer to them,
Also some children Will have learned things that they cannot say very

well. They may nave learned how to ‘do something, for example, and the

only ‘way they‘can exXpress it ‘'is by doing it.

i

it "is that they have learned. The best way to do this, of course, is
. . 3 . - @

s . - i . . . .. X .
to start-from the materiala\with which they‘have been working. JYou -
s 5 ‘ o
can ask some-volunteers to tell you-about the materials, If they are
growing seeds,hthey may be able to tell‘you'where the sceds came from

g e

’.

and where the soil came from, and when they planted—%hem.. They may .

S-Sy

have planted them,in"some'special way, in orxder to find out whatﬂhapw

‘pens (Upside down, for instance). They may have noticed something

Ny
)

spécial as the plant.grew, or they may wonder what ié\géing to happen

If they have been stndying time and how to measure it, they;may

i

bé able to show you some timeé-measures they have made, and how “to use

them, and why:they made them thatlmay, and what difficulties they er
countered, and who- thoughL ot a way to solve the difficulty.: (We

N

hope that the cnildren think of ways around the difficulties - and not

340 .

Somehow, you.want to give the children a chance to show you what .

- -
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~recognize when some children have done somethihg.unusual - something

Some children will surely -be too shy to shbw‘You very much of
o L :

what thHey have been déing; ‘You can pfqbably learn moét‘by asking-

those children who want to show you. As time goes on, and you visit

more Classes, see qore‘things they have been doing, and talk to more

children, it gets much easier to know what to ask, in order to get

{

the children to show you what they know. You will also.be able to

1

1

o RN o

you. never would

have thought of doing yéﬁf§elf.

i v b

You can also find out from the téaéherisomé’other.aspects~of the

work; You can ask the teaqher-wﬁat has happéned that * he has found .

exc'iingy and what has Happened that he did not expect. You can ask

him what he has done to interest the childreh, when their interest

started ito decrease. You can ask him if he has eVe;:asked other peo-
ple in the community for some idea§ j:people like a potter or a fisher-

man or a builder. You can ask him whethex other teachers in the

Y
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school have taken an interest im what he is_doing. You can ask ‘him ) {
A whether he has'any reactions from parents. . ‘
So much for the visitor.' What about}the.teacher?\ Even the teacher, o q
) \\\;who is withihis class everyday, sometimes feels»uncertain of the value*” ,‘
| of thevworh. Qx sometimeslhe.may feel confident that'the,class as a _— I

.wholemrs'benefittinglﬂbut he ‘would l;ke to know‘more‘aboutlsome inai-
viduai chilu._:How_can he tell whether a certain>child.is benefittino;
Itbis;usually helpful to remember;.first of all;.the different
Rinds of aims we- have, Some chil&ren may have made'more.progress in
one.than‘in another. - The teacher should look”not oniy for what a child
knows,, but for what he does, “how much interest he Shows,'how much ini-

tiative he takes, how much he communlcates w1th other chlldren

Here are. some questions a teacher can ask'himselftas“he»watches
-

a child's work from day to day:’

1. Does he make suggestions about things to do ‘and how to do them? ) ' " 'd

R ' 2. Can he show somebody else wnat he has done so the other person ‘can
‘ understand him? - o v '

3. Does he puzzle over a problem and keep trylng to find an answer
even when it 1s dlfflcuIt’ - ‘ v S *

4, Does.he have hls own ldeas about what to do, so he does not keep -
* asking you for help’ T ) : K . o

*

5. Does hc give his ~pinion when he does not’ agree w1th somethlng
that has been sa1d7 o S A

K

s
| .

- 6. Is he willing to change his mind about somethlng, in view of new
evidence? . , A

7. Does he'compare what he found with what other children have found?
v _ - \ . : .
8. Does he make things? S . \\ T
9, Does he have 1dcas about what to do ‘with new materlals you present-
to him? !

O

ERIC

Aruitoxt provided by Eic:



10.

11,

17,

19,
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Does he write down or:drawrsome of thé things he has done, so he
.. does not forget what happened? : :

Does he sometimes know ahead ofi time what will happén if he does
"a certain thing?

Does
Does
Does
Does

lem?
[N

Does

Does
same way?

Does

Does

be very different?

€

o

7

M

hA3

he like to think of.vVariation of ways of doing someéthing?

‘he

he

he

he

¢

e
e

S

e

free to say he ‘doesn't

ever decide to do something ovei again, more carefully?..

know an answer?
A . .

co-operate witﬁ other children in trying to solve a prob-

s

ever continve with hjis work ou“side school time?

he ever bring materials to school, to investigate in the

he talk about his work at other times of .the day? -

he make COmpariSOns'betweenﬂthingé that at first seem to

94

D

\ 4
y -~
Fave
3§
4«
"

i

\ s

4
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o S | A -
) ‘ 20. Does he start noticing new things? i B . . I.
2. Does he ever ;ebeat one experiﬁént several times, té see if it
always turns out the same way? ‘ L N
4 _25. Does he ‘ever wétch sometﬁing patiently‘forfa long time?
. 4 23.  Does he ever say, "Tﬁat'é‘beghtiful?“ o :
. . If a child does évsﬁ.fiQe or Six of'theée‘things, he is beﬂefitting1 ) .
froﬁ his/her éxPeriences in the classroom aﬁé outside the ciassfPSh_ "
N ?. : \ ' ..‘ . o 4 N

U

«

' ’ . et
.\ i
,
P i
-
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R
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.
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._skills"of'the scientist, Helping children to ask what is %rom their

of the. teacher;, No scientist or teachex completely masters these‘~

tionsg aS‘you-can about the burﬁing candle experiment. The purpose of

- this exercise is to ask as'many questions as you can. . Later you can

- 303 - \

Chapter 3: Questioning Techniqoas\ahd Skills'f L |

Introduction ' ‘ . ﬂ\

!

Asking revealing questions of nature is one of the most important

o~

point of view revealing queétioﬁs is éne of the most important skills

T

4

skills: Throughout hls life a good scientist thinks about the questlonq

he asks nature just as the good teacher thnks about the way hildren

guestion the wcrld. Both of them constantly strlve to improv their

-

questionlhg tectniques‘as‘they work.‘_Throughout this}Fhapter ttantionv ,Q
.will be paidfto thoée skilla: lAgain, asfln thé.prévious chaétéf, tha ) .,t
Afofmat of Worksheets is used. R | | \‘
) : A . ) _ (R , ) "
‘Worksheet 1 . N o '; o . \ T |
Collectfthe following materials:~ . , o S X
Candle,\matches, jar or w1de mouthed bottle, shallow dish, water,
clay or plast1CLne.h ‘ K ' ‘ X
Maﬁy people s ara'famlllar w1t€,the tradltlonal experlment of boxn-
ing a candlelover water 'in a closed contalner Fix the céndle to taa R
.bottom of 'the. shallow dish u51ng awsmall olece of clay .Fill taé diaﬁ - | .

it'w1th-water. Light the candle:and cover it wlth the jam jar. o \

Work individuall§ for twénty:minutes and write down as many- gues

déoidé which are éood questions andlwhioh are bad ones.

345
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N . .
How many questions were you able to ask? N

Compsre your list of questiOnsvwith that of one of your colleagues.

work togethér%for a further ten minutes. How many more questions can

l you ask? o N - - ' : : K¢ :i
IWas working fogether helpful in enabling you to ask diffefeht sorts .
of qﬁé_stii:ns? L P | - . " . * | -‘i
‘ Worksheet 2 . g
Horksheet 2 - S t 1
‘Together with your cqlleague5;ekamine.?hetqugstionsﬂfhat yau qener*»ih‘. ;v>1
TAEEET‘ Tﬂink Earef;ily about each.question and try to decide whét‘type ‘a
qé;%p one is. Classify your. list éf questioﬁs iﬁtoAthre; co
S ‘ ~ or four difféieﬁt'grqups. - .A ‘ A o . - o A*:‘ ;‘!
Choose one qﬁesfion'from each of yoﬁr groups. Spend 15 - QOImiﬁ-‘ N I
R s g 4 ‘ . .
utes trying to.ahs&éi these quesfioﬁé. Describé what you Have -to do. S
v fé an$Wer«each questipn. _if at this étage yogvthink therg;is a'need ' E ‘; E
) V td chaﬁge the way Yyou cl%;sified your.questions, do ;§.“1 - iA
Ccmpafe thevsyétem ?ou used-to ciassify questions'with-the syétems e ;%I
| -used by othe:_peéple_;h your group. : S S | -? - | ‘ ”
o Which'éypes éf qﬁestions are besﬁltg.ask when y;u ére-working ) A"; l
: L - . o . ) . . ’ - N

.  with materials? - " ' | | ) E
) Worksheet 3 Related"Readings e } .A n:;;
| ASEPA>qﬁ'Qﬁestioﬁs agd Answers : \ J§
" One of the mOSt Qital teaching skills in ﬁodern Sqience Eduéagion li:E

is sélﬁ;iating children'sbacﬁivﬁties by posing the right queStioﬁ at 1M;:'€
the' right time. ' . - 346 E
¢ . “ €
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ThlS 1s more dlfflcult and . complex than many teachers might assume.

It 1s a skill that must . be acqulred through practice and growing in-
Slght of a scientist 1n matters sc1ent1f1c (what is relevant?) with

the 1n51ght of an educator 1n matters educatlonal (what 1s relevant to

this Chlld at this stage’) - ‘? ‘ . P

Although the classroom,ls‘the most fertile place to cultlvate

1

this ablllty, the problem of "a:ktng questlons" has a hlgh prlorlty in

\
.-

the tralnlng of teachersJ \A student who has learned to ask questlons 2

‘is better quallfled as a sc%ence educator than a atUdEDt who has learned .

S I s
only to. glve answers,
o ; = .
' The following_three papers present various ways of looking at .
.what kinds of;duestlons:arehgood ones to ask. Thevpapersvdeal with oL e .
- : ' . L ’ N : L . N

questions, as well as with the special way in which' children can find
and conserve "answers." -We hope these discussions will® provide some ’ T

insight’ into the probl%mfof'asging questions, as well as some direction

s (h * { - ‘i . . 4
to 'set teachers on the right track. . .- o P
— T ————
- Paper 1. Some Questions on Questions o o ’ T . : T
B - . » Id . . ' '- i : o, ) L ) - " )
. Seeing, understanding, and stating the problam is half way -to . - . \
:solviné it. Wlth this in mlnd these questlons on questlons are offered . . \‘
. for the conslderatlon of those who are most plagued by them- namely
‘Céachers., " . © - o . R _ , A
1. At the 'present stage of sciencé there are still many questions -
left to which there are no answers.. These in'themselves~form a prob-
. lem: children do ask such questions, e.g.:
€y o
s ¥ A1 ;
o \ .
o e :
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~ Where does the moon come from?
~ What: is gravity:-.

.~ what is magnetic? ) ' A N

M “. . \

Should the teaCher}avoid each question? . . 5\ o
Shouxd he aftempt a tentative answer?

_ » - 7 ‘ L 3 A
How Can he communicate such problems to other science teachers?

What ‘about those questlons to whlch an answer is known, but which
, , \
is beyond the comprehension-of'&he_children?_ e. g1 y

oo ey " f . 1

Lo e ) . e .k \
- Why 1s melted wax transparent, while solid wax is opaque? \

- What is it that makes a boy a boy, and a girl a girl? \\
™ . . - - ¢
,. “w . " 5 ' ' N : ’ . ' ' . "\‘

3 o . -'.= . . s \ s ‘
' ~ _ +What about .the questlon to whlch there is an answer that the teacher\ .
feels he ought to know, ‘but does not? 'e.g.: \\ i

e ) e What is ‘the dlfference between regular and super petrol? &

(i \_f ' : N = How long should a pendulum be to swing- w1thﬁa perlod of
) ‘ - one second? . :

& ‘r'

2. A record can be kept of the questions asked, and of the activities

0 \ N -

. attempted to answer these questions.

Are such records .useful for later analysis? ¢

Are they useful for creatlng new learnlng sltuatlons’
Are they useful as a progress’ repoxt"

‘Are they useful=fox evaluation purposes?

i -

3. Are questions that lead to sumﬁaries of,what'the children have

found out so far us:f u17 . . S . K

When would they be useful?
What dangers do these guestions carry?
~ Could these'dangers be avoided?

’

ERIC o

Aruitoxt provided by Eic:



_— . - 307 - _

~ 4. What doeg the teacher do w1th questlons based on the past, hlstorlc'
events, popular bellefs, clalms of “w1tnesses°". e.g.-' : ) . . }

\ - - Mr. G. says his-grandmother saw tiny dwarfs IR e

\ ‘ ' - Mr. W: says he Saw a snake that a certain woman had given ﬁ ', N
| : _:birth to. . . A - ‘ i
. \ _ T - Miss-H's grandfather himself heaxrd the voices of the fores% :
" \ spizits. : o co - I s ‘
| _ ' . . , - ] ; )
: + How do we bring the past w thin scientific reasoning? ' \\J
. How do we deal with such he) oblems° h' ) .. fl . ’ f'“\m
' e What is the evldence? _ : ;
- - .\ Is the available evidence Lully reliable? ' - ‘.

- \.

How could we check on the evldence’

B

Is the clalm consonant w1tﬁ all that we know alveady ‘about the 1
phenomenon7

+ 5. MWhat. constltutes a valld aniwer° T
' ‘What constttutes a fertlle nswer orx'question? b ' - cN
What constitutes a sufficient or adequate explanation for a child? ; - -

S
a

-

Paper 2."Teacher Training ideas on Developing Questioning

o

" L Towards the end of 1969 th%re was a general feellng among the
l

tutors in the Department of Sc1ence Educatlon, College of Natlonal

Educatlon Morogoro, that the se Pnd year students were not yet very
skllled in the art of asklng and Landllng questrons That lS, what

.- e = ot eemreeee

klnds of questlons are approerlate to ask chlldren and when. should
they be asked? The best kind of &uestlon is one that Can be answered
‘ ‘

bj the cnlldren by using the materrals w;th whlch they are wolklng

T "We knew that the student teachers had been 1nvolved in New Sc1ence for

. E . . l
(Y {
almost two years and their tutors had trled to use the. rlght form of ]
\ s
. o e . - L . ‘ _
e . < %9 ‘ . : . e

[ERJ!:u _ oo i
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questioning during this time, In spite of this, the students’ standard”
. R ' .

of queétioning was not entirely satisfactory, although a few of them ., =~ - )
. - N Y " FEN -, . -
were quite good at it. As was seen du;lng the students' practice

4 -

teachlng out51de the college 1nd durlng mlcro~t°achlng within the col~ -,

lege, most of the students needed to improve their»wayégf askiﬁg and
. ~ o 3 v ’
stimulating questiohs. Our job is not to prepare just a few students

but to prepare as many-as possible. In order to solve this problem, ~

: . the -author decided to involve' the etudents in:

S

a) gquestioning exexcises,
' b) classifying their own questions,
c) ‘assessment of their own questionihg, . PR ' : °

d) testlno)thelr own improvement after pa551ng through :
’ a), b) and c)‘ _ , .

- N . . - ~

To do thls eflectlvely, a. 51tuatlon rlcn in: many dlfferent possl—

\‘ L . _ . . ,

v ollltles was to bL chosen ~ a very open-ended 51tuatlon It should be
\ - . . . N - i

‘ presented to studehts in such a way thet they-all know whet is required

\1 of them. - Seelng pOSSlbllltles in a ‘given 51tuatlon and asklng ques-.

_\ tions that@W1ll stimulate further learrxng was the desired goal To.
N ! .

v . . .
\ r

i satlsfy Lhese needs,'"burnlng candles" was the tOPlC chosen and pre-

\sehted to the students.- R L b

e The students did thie_exercise_for fifty minutes. Their ménuscriptg

be:é\:ollected ahd evaluated by the author. When it seemed neceésery,_

-
' B e

L

hthese;manuscripts were also evaluated by two other tutors.

After going through the students' manusScripts, we made a few ihf

“

teresting Findings about_oureelyee as tutors as well as,about the.students.!.

[ERJ!:‘ e o S ;.
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. N ' Cs : B : ,:
/ : . 1

.. (ana) what was considered pr1hc1pa11y a means of ceaching about

questioning turned out to be an excellent way of ~assessing. the students f'

. LI .
Lo P . - v .
- Questioning_ N , . B : i N

. .the author wanted to'teach»about the art of gquestions in' the

way. he tries to teach gbout New Science ~'experimentation, discovery, o .
re-thinking and personal involvement.‘~1kxu is'not possible without ‘ N

% . T x . e . »

'open- endedness, which is always accompanieu by unexpected things .o n

Sy R .

'In thie case, the»unexpected thing was our discovery of a waY\in which

¢

s,

we might assess our studentu.' Nevextheless, the art of’ questioning w 5

LAY

". L G . ~ a . - ‘l_
effectiveiy dealt “with as’ well Briefly,'this.is’the;Way the;author

wentfhbout it; ' o S , > S o N

: _ N SN i ‘
- Group A: “ "po ndﬁseé" questions, or "What will happcn if
. ) .

. Group B: "why quest1ons, which if broken into smaller "dp and

Usee“ P rts, could: be answered by using the materials- . N

°

2
g
a1
o
<
’.
o}
1]

qroup C: “Wny" qugstions whose immediate answers can be round ST Lo s

-~ " . “r.

2N - ‘on the sPot, but which lead. to more questlons that

cahnot’ beL%nswered‘directly u51nq the materials pro- -. I .
VldCd T b g : o e o ’
o b . S o

- v . \ . . . . - i I PO H

Gr?up Dt Questions whose,answers:requireudefinitions. R

; ‘e . A L . M

on the types of" questions drawn' from the students‘ nanuscripts The .
/ L
questions were written on the blackboard and” the s;udents were required

LR : Y

T

‘ L to answer, using the candles and the other\materials proVided 'ThEy

Aruitoxt provided by Eic:
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were told that they should try to answer at least one question from

O

each group. They worked hard on this and it was a good lesson for them.
- All the questions in Group A.ébuld"be answered directly by the
- students using the materials provided. (For eXample, "how long does -

o, it take to burn a candle oné,cm. long?") However, it was felt by thei

students that under some circumstances, some‘"why“:questions like those

¢ R

in GrouplB could be put into Group A. During the class discussipn;
- students found out.that some "why" questions ... can be answered on the

wspot,uéingléhe matérials supplied, pfévided the -learner has previously

o ' " gathered eﬁough sﬁpporting evidence from his experiments. ... (With
some questions), they found out they could do nothing tb_ans&er the’

questioh“ugless they broke it'into parts. For example,,whét will hap-
. ' . ) i

pen if ... .
e . e . P CL _{\ . -;. @

- The students found out that no matter how they broke up the ques-.

. tions in Group C they would not be able to answer them on the spog by

using the. candle, )
“When they tried tofanswef'the questions in Group D, for example:
- Y N . . . *

"What is the origin of the candle?" or "What is & candle flame?", they
fourd it was-impOSsible to answer them byausing che materials supplied,
Sométhing outside the situation supplied was needed to answer such

! questions. They also agreed khat asking such quistions is similar to
L. = » - ' E . » . - .
asking for-definitions. However, good questions for primary school

‘scienée demand that it should be possible to answer each_quegtion by

“

"usiﬁg the situation and materialsg supplied.

352
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It was pointed out that all the qdestions_pﬁt on the blackboard
. ‘ o

. were drawn from the students' manuscripts. , They hedl been asked to ask

to use the situatibn provided- to test the "uitability'of aaquestiPn.

O : i /
They started testing the suitability of thkir own questions in t%eir

questiens that could ?F answered on the spot by using the materials’

or the situation supplied. The students were then asked which group

or groups of queSQions'eould be -answered on the spot using the situa-

tion snpplied. They were asked to arrange the groups of 'questions in

their order:of suitability. Nearly all the studentsﬂcame up»with one

. of these two orders: A, B, C, D, or A,'B,'D ’.  They all agreed that /"

¥
kX

/
. /.
D. They agreed that questions in either c or/D should not be asked /

!
i

the best questions were in A, and that the pOOfest were in either C ox/

N

. ‘ /

by any teacher in a New Science class. (Altéougl no rigid rule should
, . : , i

be made about this, the teacher should take %reat caution when ﬁsing

/ L ]

. . Lo I

It was found that students are able td discover good and bad ques-

i
{

.

such questions in the classroom.)

T

tioning if they are given the opportunity to do so. They learnt héw

/

. _ . B .
manuscripts. Then they modified those quesgtions. They did not/condemn

all the "why" questions. Some "why" questi ns asked under some/ special

conditions could be included~in;Group A (the\group recommendedfby the
. ) : FD ) ! ' ; -

students to have the best questions). These»YZhy" questions are the
. R ) /7

i

. / : :
ones thit sum up some experimental evidence, : ;

‘ 4

Men&ion should be made of the:fact‘that tﬁ% students were involved

in New SLience~up to-the last day of their stay in the qulege. "Their

activities were normal science activities only and the studeﬁts felt

-’ *
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'that they were doing their usual work. Ihereswas no examination panic.
There was no\need for this because there were no facts. to be tested.

Rather,:We Were\testing their ability to do science. Most of our stu-
. ° .
dents became confldent that they can do sc1ence, though of course some .

are better than ot hers .

3

Paper 3. ° Between the Question and'the~Answer* o .

What is a good question? Fﬂcognlzlng a 'wrong"_question is or.e
thing; how to ascertain the ‘right! uestion is quite ariother. A good
ing ; g . good |

and.healthY»question is one tp which there is an answer, bécause it is
a problem to which there is a solution. The right questionfis a stimu-
v _lating question which leads to a closer look, a new experiment, oxr a

' fresh_exerciSe; The right*question leads to where the answer can be

found: - in the real objects and events under study, where the solutlon

'isvhidden. The rlght questlon asks the chlldren to show rati .r than
to tell the answexr: h=y can gn and make sure for themselves.

Such questlons I would like to call 'Actlon Questions' because
, . ‘ . o
they stimulate productive‘activity. .There are actiocn questions of
3 . . P v

various sorts ..

“The flrst, and s1mp1est klnd of action quesc1ons are -the straight
. | . o> . A\
forward "Have you seen ...?" or»“Do-you notice ;,.? type of juestions.

. [ ]
Questions like "How many?", "How long?", "How often?", and their

; *Extract from "Betwcen the Question and the Answer" by J. Elstgeest
\ {in press):’
. . =
3D«
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llke are ﬁeasurinqhand countihg questions. The children can check and
mahe‘sure of theirﬁanswers themselves._ They’can ose hew Skllls}‘and
i‘feel content and confiaent. | -
The "What happEns if...,?" questions always'work, because they
: \ _ R .
can always be truthfully answered They entail slrple experimentation,_—

and never fall to prov1de a result These questlon are partlcularly

x

valuable 1n the beglnnlng of a new sc1ent1f1c study to explore the pro-
. . i

\

peltles of unfamlllar materlals, llylng or.non-living,'

-work, and of other eventful happenings.

]
\

~  "What happens if-yoﬁ place yoUr ant lion in damp sand?"

‘\ : - '"What happens if you plnch the ‘seec leaves off a young
A o
4 . \ :
o plant’" ‘ y : T
‘\ A ' - L . -
\{j - ."What happens if you turn your twig (cutting) upside down
Y in water?" :
y L . : . B
\— "What happens if you .spin a bowl full of sand?" * -« -

There ¥re mlllions of other good examples of "What happens'if L2
\ L . .
e questlons wh1ch have mllllons of" other answers~that can be readlly

- "found to the- satlsfactlon of the chlldren and their. teachers. These'

-questlons always show some form of a relafwonshlp, and grerrly add to
”the store of experience whlch youno chlldren requ1re. .;..

After suffrc1ent'activities prowoked bytthe type'of qoestions
.just described, children become ready for a new kina of'question: the o

5

-more"sophisticated "Can you find a wayato =..?" question. Thls will

i

! ' always set up a real problem solving situation to ‘which chlldren en-

thusiastically'respond, provided it makes sense to them. .

- 855
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I once asked a_class:of children: "Can you make your plant grow
sideways?“. Since;they had studied growing plants (which they" kept in

tins, pots, and other contraptions made of banana sheaths) only a short

‘time, I was just allittle_too hasty and anxious, and quite rightly got

. " . "o - . X . . T
the answer: No, we can't, So we patiently continued with” scores
of "What happens if ...?" experiments. Plants were placed in wet and

dry conditions, in dark and light corners, in boxes and in cupboards,

in collars of.white'and black paper,. upside down and right side left.

<

In otier words, the children made it difficult for the plants. But

~the plants never failed. to respond in one way or another. Slowly ‘the

2

'children began to realize that. there was a relationship between the

plant and its environment which they controlled "Noticing the ways in

which the'plants responded the children became aware that they could.

4

-control the growth of. plants in certain ways, because the" responses of

[

the plants were. shown by the way they grew. 'Tips-curved‘upWards, stems

. bent, plants grew tall and thin, or sometimes withered altogether.

When later the question "Can you find a way to make your plants

. Gxow 51deways°" reappeared there was not only a confident reaction,

there was a good variety of attempts, all sensible} all based on newly"

acquired experience, and all‘original. Some children laid their plant
on its side .and rolled a newspaper tube around the tin and the plant}

.

‘others manufactured'a stand to hold & horizontal tube into which they

pushed the top of their plant (this one  turned back!) .- One group en-

{

"closed their plant inside a box. with -a hole;.but they fixed aitubeﬂin‘

the hole and directed it toward the light of \the class window}‘ Some
. 3 _ ) ROEE

e
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leads to correetion, provided it is based on evidence.

- 315 -

just tied their plant sideways‘aiongba cross sticky'and added restrict-
ing 'strings as soon .as the growing tip curled upwards again.
It is obVious that "Can you find a way ...°"'type of . questions

must ke - preceded by satisfactory exploration of the material with

which the Chlldlen work The children need to investigate first what

the possibilities and lmpOSSlbllltleS are, and become familiar with

- o -
sSome of the properties of the objects under study.. N

Lastly, there is a category of questions ‘which we should. appro--

-ach with the greatest caution, for there is a serious danger of mis-

using'them, They are what I call "Reasoning Questions These, too,
may begin with "Why?" »prv"How?"‘and that is where the danger lies.

However, they are very important and‘Modern Science’ Education could

-

- not eliminate them without defying its own purpose. But«wevcan and
:must eliminate the "one right answer". Reasoning questions‘are

‘meant to make the children express freely what and how they think

a

about their observations and study. The discus51on, the dialogue, the

sharing of ideas, often help in recogniring relationships, and aid

understanding - It is essentlal that the children talk freely, for even

&
[

the most preposterous Statement can provoke argument and -argument

Y

The teacher must be very careful how he phrases these questions,
[ N '
and when to present them.' Children working with mosquito larvae for

1
o

the first time may be effectively put off from any further exploration,_
if they are pestered by a sudden ”Why do the larvae come to the surface

of the water?" On the othexr hand,lchildren.who have watched mosquito

- 357
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larvae erggle down time after time- whenever they were dlsturb@d by a
& :

-'wav1ng hand by a knock on the jar, by shaklng or stlrrlng the Water,.
”chlldren who have watched the larvaf come up again and again; dho have
1not1ced thelr tall tubes stlcklng out of the watexr; who have t;med hOW
long theyvstay under the water level who have tried to prevenc them
from,comlng.up by continuOu ly Shaklng or knocklng the jar; whe haVe"
_covered the top of the water with Snlppeus of paper or celloph@ne, and
.tave notlced the persistence of the larvae. to reach ‘the surfacé' only
‘\.- ) .,those chlldren can become 1nvolved in ‘a sensible argnment when asked-

o "Why ‘do you thlnk the larvae come to the surface of the waterﬁ” Those&

chlldren can express theJr thoughts wzth confiderce, "’ because\tney have“

somethlng to think and to talk about, because they can pxoduce relevant
‘\i ev;dence. And do not thlnk that ”because they want to breath" ls an
\ ‘obyrous anSWer.’ }t,ls not. Many water’ creatures never do it, ahd a
tall is not readlly ass;crated W1thibreathlng
\ ! . o . . B B )
o :_‘A ' \\;' There'are-a‘few more aspects to the whyfquestionn whicgware ' ‘
3 SN L A o _ T

- ) y . ' . . S .
‘usegq; to be considered here. We cannot avold-why—questlons, for

T

. 'children are great whytqnestioners.A We should not avold them, bQCauq
S L . X A . . . R
”Why?"'rs\the ultimate quest'of'éoience: What'we shonld‘avoid 1s;¢¢ﬂ“
' _fdsing the\children with both "Why'sn gndl"becauSesj,d ?arents.aé well , ﬁ
as chiidrenAhave‘come‘to regard teachers 'as encyclopaediac. “nls_ - '._ j

v

flatterlng att\tude, crroneous though rt is, tempts many a teach&r to
\ ! N\ ' . . .
oo answer'questlons he is asked. .o : o ) . . ‘

The truth is\that many,"why"'questions have not yet been

| : \ . “ 1
) answered. _No teacher\an the world 1s able to proVLde a ready gﬂswev '

ERIC
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“to alil the questlons asked by the- chlldren. There is nothlng wrong ¢
when the teacher honestly admlts that he does not knuw the answerbwnr
rThe reason mayvbe that he just does not know, or that the answer is,
\ ‘ unhnown to'everyhody. Both reasons are perfectly valuaole._

U ¢ " " -.. Science is the search.for, rather than the answer to WHY?

WHY? is the ultimate question, and, the reason for all scignce commit~

‘ted in the world. WHY? is the most elusive question. As.soon. as ve
'think-we are approaching the answexr, we are back in the desert, and a
new WHY? shimmers above the horizon, Mankind has not yet found a.single

final answer to_a single final WHY? Why things are the way they~are is

unanswerable. why things work the way they work aay be answerable,
B { . 1

,proV1ded the answer to "how" is found. ' So the search continues, and

\

v
'

it is into this searoh that we introduce our children. Their simple:

sc1enne, t0o, is'a living part of the 1nﬂessant quest toward "because")f

- -

and every new relatlonahlp that they can establish brings them nearexr
to the ultimate answex, but only by one step. . - FT- ) o .
fhese steos are essentlal. We~cannot jump, neither~should'we
. exPect,our:chiidren.to jump, "Jumplng to conclu51ons" has always been

ccndemned in scientific c1rc1es. Even aQult understanding of'"becaﬁse" ‘ ) 4

a depends on their own step by step progress through masses of experlences,
i A X -
together with thelr ablllty to correlate these ex' ~riences. Many of us

¥

have understood thlngs that we were supposed to have "learnt" at '-"hool, R Lk

1

only years afte: we Wére set free to” educate ourselves.

A good question is more important than'itsfanswqr. “Not only -

ERIC

Aruitoxt provided by Eic:



- 318 ~

bizcause science sits betweén ‘the question and its answer; a good
‘question often. leads to communication between the teacher and the

‘children. Communication is a vital aspect of the process of science.
‘ -

However, communication means -dialogue. It can take various shapes, ..
. i . . T .. - .

but it never takes the shape of a teacher dictating summaries, noxr of ' |

o -

) bt ..4 —— ._3} . - o
a child chant;ng-obedlent.hnswers,
. Workshest 4 S ' ; e '_ -
- Learning how to ask good questions of nature is one skill.

.Asking éhildﬁgn-good‘ques£;ons ;eéﬁéres dif?érent £ééﬁniqgés?-
.éefexamine“the quéstions asked when your cféss'was‘working withj

i éahales; Try to decide which questidnsnwould.be.good”qﬁesﬁiqns tév'

ésklchildren; why dgyyou thinkﬁthéfgﬁhe qUééﬁ;ons you ha§e:seiected

are‘good:ones to ask? Yéu migbt havé sé&éral reésqns.. The onix reql

test of'éourse_is‘foiésk‘chiidfenbaﬁd find out from theVWQY'they'?eact' oo O
.whether or not the questions rééliy éréigood. This éouid‘bé/dohg by

workiné‘with a class of child?gn,J.Howeﬁer,vthiQ i's not éiways thé
.#““;;;g way to ;xamine and improve o;e's questioning skill;. -it is

 possihle to work with very small groups of children .and analyse

what is happening' in éfgater‘depth--

’

. B. Activities with children

)

1. . . B * K
- - Select_any suitable topic from the school science syllabus

e.g. soil,nplants, insects. =
'~ pesigh a problem on which yur pupils can work. -
. . - b g

‘ - PupilS'éhould record their informatiou.

ERIC
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Suggested ways of handling the.questrens

5_Question 3: Tf the puplls have studied air then they mlght understand

- 319 - l: ‘\ . B

[}

- Hold a discussion:following their investigation and note -
down as many kinds of'questiOns which they ask as you can.

< Give tﬁe plplls a. chance to think of - ways’ of seeklng solutlons
1
to thelr problems and, 1f they are unable to do " so, make the

4

necessary su;gestlons for-further investlgations yourself.

Example - o e,
Chdldren have‘been-working on dif}erentakinds oftsoi;. Here

. . . o ° . . o
'Harewsohe of the queSt?DﬁS they as#: ’ h ‘

1 . How rhany'different kinds of, $<>3il,.are.there?"

2,fjﬂ ﬁhy-doeslsandy seil allqw water'té ﬁass thrpughqfaster thanj

) ‘red soil? . . - o ‘
déi ‘%hy are there hqphles'Whenlwater.is‘added to s0il?

4, ’.Why dees.water mix with‘soil:hdt not with eooking eil?

5. h_?hy do weNhaVe'soils of different celburs?'

o

-

Question '1: It .may not be meaningful for you ‘to tell children that .|

'we'haye clay, loam and sandy soils. Instead you could assign childrzf

to collect as many different kinds of'soils as they.can.

4

- Question 2 Speaklng of partlcle slze plght be d start. However,“

o

you should let the chlldren flhd out Wthh kind of s011 (e g. the anes

il v

S “fed in Questlon 1 above) retalns more’ water than the other -
which retarns least/most (and thus‘whichVallows'most/least amount of..

water to pass through it). _
e

1

'that there 1s air in the‘s01l HOWever, it would‘be a good idea for

g6t o



O

ERIC

Aruitoxt provided by Eic:

for, as the idea of 1mmlsc1b111ty is ‘not ea511y comorehen51ble to them.

( . . - 4 )
. Question 5: Again this is a difficult one for the‘childfen to find'

.solutions'to; In fact it is impossible for them to design an experi-

to look at their environment more critically.

/ - | L 520 - .

by the usual way as contalned in text books

Questlon 4: Thlsyis a diffiCUlt“one for children to find a solution = |

:1'\

¢

However, tnej mlght think of 1nvest1gat1ng what other lquIdS be51de5'

v

water m;xlw1th soil.

e

ment to find out why the different colours. However, as’ they carry *

out the ‘suggested further activity in Question 1, 'they could at least
- 0 : : o

i

dollect a variety of differently coloured’soils.

It is of gredt 1mportance for ch;ldren to apprec1ate the lﬁm;t—

atlons to and extent of their abllltles to "dlSCOVBI . However,

.eyery necessary help and encouragement to search for solutions to their .

problems, ‘should. be given to the pupils. Through constant: investi-

gation and asking of questions followedvby'furtﬁer’investigatioh, it

is hoped that the pupils will acquire among other skills, the ability

.

/.

R v

ey,
.
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.ichapter 4: 'Keeg ing Records

- .récords. Very'often,.too;ueven when they have reached the stage

If you have already done student (or practice) teachlng, you - -

!
5

'probably have come-achS' s1tuatlons ip Wthh puplls should have
1

, nF

| . )
kept records of thelr observatlons but d1d not." For Var;ous reasons,

chrldren very often W1ll;not keep records. ione\reasog'(aS'you'

l
t
|

learned in the section called Relatlng w1th Chlldren)'ls that they

|
. ¢ ?
1ave not yet reabhed a stage where/tbey reallse they should keep .

. . - v
:n they see the necessity for making recordsi_théy cannot ‘make
| records.

zt several places in this H andbook, your attentlon has bten

by an. a ult. Take another look, at them to see .how conplete they were

. 5

. I
and how well they conveyed tbeJr message to/you; Now take another.

|
.

|
{

look in the same Sectlonxat‘the place in Chaoter 4 descrlblng a tsn>

4 '\

year old Yho rebuked hlmSelf for not rememberlng the 1nten51ty of

the light and note how he SOlVed hls prublbms. In Sectlon IV you also

i
\ “ '

can see reqfrds of observatlons mad'= by puplls and by thenr teachers
about/thelr art1V1t1es { . W

°

In wedtlon Iz yPJ read examples of Lecords of ob crvatlons made

- | .
by teacher tra1n1ng collegewstudents during thelr observatlons of

i
I

‘various ohenomena,.e g. the solar eclipseg ‘and the behavlour of rubber

bands Recorusg of ‘the behaV1our of liquids and those on relatlons

. . _ e .
and functlons were made in 'Section- III. ’All_of these’reccrds were

[ ! '

\ . ) [
A .
! |

¢

.

\ “ - 30

,,.'/
3
s
&

0
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different ih fiavour: ] P

on . ) ] (

. ;1) the adult recorded the conversations word for word; ‘ "o

|
ii) }tne ten-year old kept in his pocket- those items he

.
3

}needed agaln to produce llght, L ' -
idd) ‘the teacher at Juba beach kept a wrltten record of her,
¢hildren's a thltlES whenever they visited the'?each

. ' .
<« iv) the puplls kept records of thelr observatJons whenever .

’rthey visited ‘the Juba beach,<they kept at least tWo types

“of- Aecords tan yoa name them? N .

'v) the students record on the solar ecllpse also employs ot
dlfferent methods for different purposes. Try to iden- 4

tlfy the diffeérent technlques and some of the purposes

-

o i . )

;o ’ : .they serve,‘,y_ o

Vi) - with. regard to relatlons and functlons, addltlonal types ' e
. of ‘records wsre kept and they led to spec1al types of

- ' understandlng of observatlohs It was also in thlS . jﬂ v

" ‘Section that. you made plctorlal records other than " .

o phbtographS.QE.d¥§W1ngs-

'These records.were kept'for various‘reasons. \;EE\ten-year old . o
. / P . ‘
‘ at Awg Omama wanted to have an accurate recoxd Wlth which to make a
k.comparison.‘ You could_list sdme of the/reasons for the recordw.' f_. '
| [

’ -~

o  described in i), 111),.1V), V), and v1) ‘above. e -

By now you have notlced that there\are different ways of -
keeplng records. CQnsiderfone teacher s re¢ord on one lesson when
his pupils had been learning about blood'circulatioh:, S T S

[ B N o e

7*T, What to you know about the heart7 : o <

1

p. It pumpv blood

i

N .
i . - X . : .

*There wera fifteen pupils in this group

v ‘ ‘ o ‘w.-_v . . : B .. 5364:

Q S ‘ o L : I . y : wL
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L |
{ . . ..‘ - ) R ) . oo .
B - P, It beats It beats hard%; ‘when you are afrald ’ o s
- T.- How fast.does 1t°beat°' ' '

B There was a Hiscussion at thlS p01nt on how - one can'count thﬁ

;3 pulse, rate, where’ to~feel Lt, and whlch flngers to use. The

puplls worked in pairs wi each member of a palr counting the

'paltner s pulse rate.- After they counted the pulsn rates; I

c : asked. them to give taelr results and I- wrote. them on the

eblackboard this way: - R J;‘ S _'yy’. /
v”{ ) ;*.- o _Eﬁi} Rate 'h, Pupll Rate ‘ ' ngiil‘ggzg .
| R I }6 L1207l (L) dosa
’ (2)“ 60 SN ) T C(12) 7 76 B
. 3. e (8 76 an o1
- _7; o _"(er; h 78 * ] | ”"4f9) o820 (ig) - aq";.; K ;
) L A ©(10) 69 . .(15) . 66 . ‘

. M N . . ’ {
[ *I contlnued ' o v \
I : 'W T’ Now, what can you say about the pulse rate° : v ik
co Vo . . |- . ’ T
k P-,ﬂxhey are dlfferent P . o

K

T But: what can you say about the pulse rate of all of you? - s
' : : P:frEveryone has a different pulse rate. "_ ,.' yz X
- ? L Pan you say what ¢he hlghest pulse rate is? " w}_ﬁ
' | P. . 120.' , o . o : ;' : .
'Tn"What ‘else can.you say about the pulse rates? T
‘P' The lowest is 60 : ' '
%)f" P%.'Can we use the average?* - o o ""ﬁ
" - T, Yesﬁ what 'is the average pnlse rate for all of you’ - gy
Txe puplls calculated the average. "Then T asked them-
Does .the. pulse rate ever change There was a long dls-
v : cussion Wthh ended w1th the puplls deciding to run a |
~ ldl;tanCe and then. countlng thelr pulse rates 1mmed1ate1y . A ﬂu
aftter the run. ' ' ' o
L e '\-In subsequent lessons the teacher allowed the pupils to run

" . . - . .
e . . v

—— 2 . co

“u

’Puplls had learned about averages in their mathﬂmatlcs less ons.
) 3Q§CJ,
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o

the d1stance and to notice that the pulse rates of most of them -

changed. They also had opportunities to find out 1f the pulse rate

would contlnue.to'increase when one runs a very long distance. They
I

experlmented over dlstances of 40 yards, 60 yards, and lOO yards, and

kept records of their pulse rates

{ Then they went ori. to examine a
| .

sheep's heart as well as photographs of the human heart.

. \ :

To return to the numbers wr:tten on the blackboard by ‘the.

teacher and to the pupils' comments on,them, notice that they do

-

) appear very different.,'Do you get any nore-informatlon by arranging
them from the largest to the lowest? ! . ’

o The following graphs are three ways of describing the pulse ..

rates'of the fifteen pupils (see next three pages €or graphs). - Each _d

of them gives you a pictorial account of the pupils' pulse rates.

g

- When you lock at each of them, what-striﬁes'you immediately?""As‘you -
o N o

study them further, try to answer the followlng questlons using each~

Bl ~

graph:ugi . '_H,- :' ‘ “. o -
| a)fIIn‘which one}is‘it.easiest to see the.lowest'and the -
- . ,, S _ P
b) \Inmwhlchione is itfeaslest to see‘the ‘ulse rate'shared
by the largest nunber.of pupils? | o L ) '_..sx

Al

N c) - Whlch one shows the average pulse rate for thlS group
v ‘-T o ‘; i'of-pupils most easily? ST s
g oL e ! C J
R R oA Whlch graph shows mOst readlly the pulSe ﬂate below whlch

exactly half the puplls fall° T o

i; J_.,,g o ,1_ ’ , . . i},ﬁ,.
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Vo .
e) Which of these graphs would you use if you wanted to
see very'quickly the number {(or numbers) which,wopld be

_ representatlve of most pulse rates in this qroup of . . - A‘

N\

<" pupils? L . _- A
There might be other‘éuestions you can answer usingwthese
Y ‘ graphs and some might_heaeasier to answer using one graph and others’
. : . T v ) B .
might not'beveasy to answer evenlwhen you use all three graphs. ¥du
might have questfons ahout the graphs themselves: What are the dif-
ferences among them? What ‘are the simfiarities? Axe there other
types of graphs that can make'itfeasier to find:answers to yo.ur‘cA;ues-l~

.

tions?«_How does ohe learn to make a graph7 Your tutor might help

you to. flnd out more about graphing if.you- ask for hlS guldance
In this chapter your attention has been drawn to various ways

Lo - of making records of observations. Some ways are useful in some in-

stancesyand other ways are suitable for other;types of observations;

Very’ often, the type of ‘record -to’ be made depends on one's alm and

! i : ' oor
! i

i l

alsolon tk type of 1nformat10n to ie gathered.« Youjmay'wish to'

e ' 1mprove your own - Sklll in maklng re ords so that yoF can later gulde . ) .
I ... - Jour pupils most ofltably For yﬂur practlce, a number of sugges~ .
B ‘ ' ] S o °

o

‘ tions are made. . T : ' ; e T

. R :
. i

Voo . o . i

Worksheet 1.

eo

. . . N ' S {
WHen you next go to tbe mar“at make note, of ity area, the S
: b IR R B oy
L LA
number of people, the number of glrls, the numben of boys Yoa»can go C
[ .

o a to thL market twice in a day to make txese observatlons andlyou should

.also go ‘on different days. Record your observatlons in various ways to

ERIC . .

v " . . v . . P . N - . \



i reveal the following: ’ ' .
. i) - the arrangement of stalls in the market;
. Ciiy the'different'commodities sold at»the market;

iii) the_average number of people VlSltlng the market at

- Ry

_one'tlme in a day,-_ e
oo iv) the averaoe numbe r of\boys”ena»girletet the market.at
.. one time in a day}
S V) che-averege nurber of boyslend girls. at the.merket'on

Saturdays and the_ave:age number on any week day;

vi) the most popular day at the;market;

vii) the least popular day.

LN
e

Worksheet 2 : ’ o ‘  S
When yon visit the grains sectionl of the market, note the

’different.types'eold (e!é maize) . "?on‘mey’select onetor more of
them‘and findvdgt’if all the seeds ere'élikes .cen you tell %n.what'
',waye.they'ere different? now mfny of. eachltype are rnNeach eample
- Qou.heve? ooteln ten sempleq and record rnfor;atlon on themmln é

{

.\\._different a‘y L AU . o\
_ o j o ) ' | |

In addltlon to, or‘instead of, dolng the act1v1t1es descrxbed

a

fab ve,’ you can. dec1de to -do others Wthh are. of more 1nterest to you.

They, too, wxll glve you practlce in maklng meanlngful reports

R -,‘u , Whlle it-is - very 1mportant and 1nteres+1ng t? make racoxds of
.o N 9: . .

'one'; observatlons, it is more 1vpor,ant tha“ the Chlld ¢hould feel

. , "the need to make them. Children's ledrnlnq and enthus1asm can be
- IR | ‘37‘* RN

J
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</ disturbed seriously if, while carrying out investigatiqns that are of
great ‘interest to them without keeping records, the teacher forces
* , : . :

‘them to make records. When they see the need for keeping records,

I3

children are usually willing to repeat éxciting investigations.
~ ¢
. N . ‘ 3
Finally, what you learned about the children's limitaticns in

Section V and under "Queétionihg Techniques and Skills" applies also
“to the teaching.of children to 'keep records.
. ' .\\ : . )
’ THESE ARE WAYS THAT SOME PUPILS AND TEACHERS HAVE KEPT RECORDS

|

Z

b
-

t

€ a3 TR RO PSR L SATBLL

oF

A

o T
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. [ k Y
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| tried Yo por sand, clay
<>ﬂo.\k n B TUBES

n Sand waker can r_"t‘se.‘ L(Lp*\l&"j ﬁ}’"buﬂ

and in clay U cannot vise veryquikly i rises slowly:
and in’ chalk water also ¥ises verj Stowly :
v § :
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. SECTINN VI ) .

:; . : Sdmmagz . ,lkv . | /.

V ﬁhile Sacticn Vv treated some of the philosophical issues
conngctedlwith tﬁe}natuie offchildren.and their deve;opment,'this

- . 2 section has given some practical "suggestions about howVEBAQZEpare

& . ) L ‘

for the classroom and how to préceed when in”the claséroom." Both

a clear uﬁderstanding of the derlylng pr1nc1p1es of Chlld develop- ’
ment and a knowledge ef how te& apply those prlnC1ples 1n a practlcal
way to a real classroom 51tuatlon are neCeSsary in order to give

. _. | -children the best p0551b1e sc1ence educatlon. s ’ \\\\.
- Methods of evaluating what is happening to children through
.their sqience-ekgijignces h;ve BEEH"Qiscqésed. Thé basic aim of

““such evaluatibn techniques is to help the teacher_deqide How to

~ : improve continuously the science lessons in his or her classroom.

o i ) 1 °
i cfi ’ VY J
/ ’ /! ; P
: ' ! |
[ i i |
| | |
R \ ,
. .
! . ) N . ,
N y R
i , .
* 4 ) ) . .
\ ? - . : . e
¥ : . N £ _ ‘ :
; o , 376 -
& ’ \ : ) , N
i *a o . ] . D
g T L
T T e T > . by . ' .
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"~/ To make use of APSP units in.the pre-service training of teaéﬁers, tutors |
pf/trainiﬁg colleges will require some background material to amplﬂfy certain »
aspects. of some units and to extend the possibilities of others. /Sbme of ‘these
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: . . ‘ /
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' cating what other organizations have done in this respect. ,The other three areas
' . refer specifically to the APSP units classifying . them into,giological, earth and
oo PhYSicalksciencefériented units, : ' ;o ' : :
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Section B

APSP_UNITS

€,

Biological Sciences

Ask the Ant Lion

Buds and Twigs

Chicks in the Classrcom
Exploring the Local Community
Juba Beach

Hosquitoes ,

Qurselves

. Plants in the Classroom

Seeds
Small Animals™>™ T B
Tilapia
REFERENCES.
1. Barker, P. Life in the-quar;um; Bell, 1960. .
2; | Bennet, D;P. and HUmphrieé, D.A. Introductidn to Fieid Biofogy, Arnoldgrt.j
1965.. . : ’ S '
3. Cole, ﬁ.H;A. The‘Végététion of SierravLeone, N.U.C. Préss, University'
of Sierra Leone, 1968. : : :
4. 'Dale, Ay Observations and Experiments in.Natural"Histo;y, Heinémanﬁ,‘l96oi
5. Daﬁlish; E.F.‘ Name Lhié insecﬁ, Denﬁ. 19527'
O, Ene; J.C. Inéecgs ahdiMan in West Africa;vlbadéﬁ University Press, 1963.:-
?. Handler. Biolggy ;hd the Future.df gég,'Macmillqn, London &'N.Y.f, |
"8.  Kalmus, H. Simpler. Expérimgﬁts with Insects, Heiﬁe&ann; 1948,
9. Popgam,vE}j.' Some Aspects of Life in.Freshwatgr,.Héineménn” 196i )
10. Shanés; iﬁP.' Simple Science and”Natﬁre Study, ngord U;ivérsity fress;.
. : v .
11. Shaw, M. & Fisﬁef, J. Animals as~FriEnds.énd How to Keep Themn. Qﬁnt,‘1952.
"12. Stephenson, E.M. The Naturalisé'én-thé Seashore, Black, 1951;
| 13. Street, P. $hell Life on the Seashore, Faber & Faber, '1961. .
14. Walters, E.M.P. Animals Life in the Tropics, Allen & Unwin, 1964.
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Section C

APSP UNITS

- 10.

Earth Sciences

Exploring the Local Community

Exploring Nature

The Moon Watchers

A Stlentlflc Look at Soil

Star Books: Stars Over Africa

' " Strangers in the Sky

Using the Sky
How the Sky Looks

REFERENCES . . _ ~

1. Barker, R.S. fhe étudy Book ef the Land. Bodley Head, 1960
.2: Beaa, G. Springtime of the Stari, Abelard\éehumm, 1961
3. C@therall; E.A. and Holt, P.N. WOtking with the Weather,‘Baiiey_Brdstv1964.
4.  Dana, E.S. & Hurlbut, C.S. Minerals and How to Study Them. 1949. |
5. bury, G.H. The Face-of the Earrh ~Penguin, 1959_T |
6. .Evané, I.O. Diecovering the Heavens, HutchinsOn v1958. \
7. Hood, P. How the Earth is Made, waord Unlver51ty Press, 1954.
‘8. vaendeq, MW Looklno at the Stars, Phoenlx, 1957.
Perry}’G.A.‘ Young Investlgator S Book of Soils, Blandford %?65 :
Russell, E.J.. Lessons. on 8011 (Slmple experlments on 5011),«C0111ns .
Paperback : :
11. Russe}l,ugtJi The WOrld 'of the Soil, Colllns Paperback 1961. -
12. Sawfer,‘J:S. \ThL WBys of the Weather Black, 1957.
13. Shapley, H. (Bd) Source Book in Astronomy; 1900-1950, Howard 0.0.P. 1960 ‘?*-Lk
14. Wilkins, J.P. ihe Moen, tuller, 1960 | o | ‘ '47
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Section D -

- Physical Sciences

APSP UNITS

Arts and Crafts -
Balancing and Weighing
Charging Solids
Chima ¥Makes a Clock .
Colours, Water and Paper ’
Cammon Substgnces Around the Home
:;bonstructlon :
" Construction with Grass
Cooking
Copper Activities
Dryv-Sand )
Estimating Numbers 2
Friction . -
"Inks and Papers .
Liquids : ) ' o l
-Making Paints '
Making Things Look Bigger
Making a Magnifier _ _
Making a Microscope C
Measuring Time - Parts I and IT. S . .
Pendulums : T o o '
Playground. Equipment ' U
; ‘Powders , i
Printing o " -,
Sinking and Floatlng ' :
¢lools for the Classroom
Torch Batterles and’ Bulbs
Water
Wet Sand
Woodwork

~ REFERENCES

o

1. Beelef, N.F. and Brandley, Fﬁ%,?fExgariments with Electricity, Murrary, 1961 .-

2. . Beeler, N.F. and Brandley, F.H}.“Exéeriments with‘a;MicrOScope,‘Fabef‘& ,
\ -Faber, 1958" B . : o

\ o ‘ ~ . ¢ -

3. Bulman, A.D. Model Making for Young Physicists, Murrary, 1963

4. "Codper,,B;K.' Electr1c1ty at, WOrk Weldenfeld and NlColson 1964.
! . .
5. ‘ Dobinson, C.H.” Wctals and Men (1n Science 0on the March Serles) Longmans
1962 : :

6. Foid, L.A. Chemical Magic, Routledge, 1961..
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The Technigue of Craft Teacher, Ltg.

Metalwo:k).

G. Harrap & Co.

3. Heys, H.L. »Cﬁemistry Experiments at'ﬁome for Boys and Girls, Har¥ap, 1959.
9. Morrison, wa;f Crystals, Diamonds and Transistors, Penguin, 1966 -
= S . .
15. Naylor, A.H. Time and Clocks, Bodley Head, 1959.
i1, -Newbury, N.¥. Focue on Metale} Heinemann;-l965.
12. Saunde%s, H.N. Beginning Science, Nelson
3. Shirley, A.F. gggalwork (Techniques for School ﬁorkshops), Hulton
' Educ. Publ. ’ ' '
la ﬁstreet,fa.v& Alexender, W. - Metals iﬁ the Service of Man, ?enguin, 1962.
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VILLAGE  TECHNOLOGY -

-
.

NG THE' LOCAL COMMUNITY:

EXPLORI

BUSH' ROPE
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