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ABSTRACT .+ . . \
\

AN EXAMINATION OF THE GRADE TWO STEM SCIENCE .PROGRAM

s . ™~

’ ’ Linda Coles

The purpose of this séydy was.‘'to .critically examine the STEM
Science Prografl in Grade Two so as to determine the extent to which the

learning activities contained in the program provide a good match for

Grade Two nhlldrén
A rnvlgu of' tiha litenture Teyealed that a prevailing theory ot

“child development is that of ‘Jean Pilget. One science ‘program in pltr.lc-
. S

: ular; the British setence 5/13 Progran, uséd Piaget's stages as the basis'
for its seléction 6f activities. P ’
It vas.estabiished that the Grade To population, a mjaqzy of

r by the, end of Grade® =

| B .
whom are 7 by December 31 and probably 7% or o

i Two, are either at the 1. stage, or a 1'stage
0 A v
i between'preoperational and, concrete operational thought, or the early con-
xS crete operational ‘stage. . : .
. y i e

Activities from the Grade Two STEM Science Program were enumera-
Rendon sampling was then carried out'to select

ted and foind tb be 270,
Bach of these activities

125 percent (68) of these activities for analysis.
was ‘examined in terms -of whlt is requlxed of the child, lnd this in I\I!n.
F | vas analyzed in light o the capabilities of the pre-nperntion-l. elrly
~

- ;cpncre:e operations cm;d. In this manneiitvas possible to label an

activity as being suitable of unsuitable for children at the Grade Two

level. * s




+ crete and formal stages of than.for . -
S

those at the pmpnmml and early concrete operations stages and vere, :
lhemfu\z, \msuttabde for moge Grads Two chiliren, Based on these Find- g

y uh and for the provlllvn

m.-, nw-am.uon. ve!ﬁ made for further

of supp1e-=nmy or nlnmce programs for cude Tvo suwg. L
$ ', ; “ 3 " »
= .
1 g E a < .
“ g ” : AL L
2
¥ -
P Py 4 g 2
: 4 5
3 N /\ > 4
5 7 ‘
g >
- . P Sa
/ N i .
. b 5 & 5
2 HE ' b
Ll T ¢
N




L - ' : s
N ¥
- i Ny ¥ E s K@
B bt ‘" ACKNOWLEDGEMENTS y e R e 4
L S Lo N T oA 4
B bt The.- rese.l:ch:z wishes o :hm& those whose efforts helped .

o 5 el tounsis completion of this study, . Special r.lu’nkq axe due to thie ~

Y ; . »
Provineial ional Leive ctee of 'the ! of Ed\lcntiun g = e
and the 1d Teachers' Association fox gunung tlonal - . ¥ 53 !

) 1é-ve. ; Tha researcher is equ:inlly gmtefur to her supervisor, .

. .. Dr. Rosanne’ m_-c.nn, whos

p:ohnlonli sildincs: anid moral &:ﬂ't . P

.. 'were.go cruciql 6 the cam)letion nf the thasi!. [Finally,

rauga\'cher Acknwledges with sincére thn\kl "the constant sup ‘ott “of ..

. aol
® f-mﬂy memhers,, including a sgqciu uncle, Baxter Coles, and her . o
& 75 yonderful parents, Marcia and‘Harris Colesi =~ . _‘ W
. . s .
N 2 Y 13 : .
& T
E . ' - .
. ~ s >
i .
i ‘ o, ? 1iv. 4 » X




o s vy e
g )
| [ . ]
i ! o i
i
.y Lo R 4, G d ; 4
B - . ‘TABLE OF CONTENTS s
B f C . -
CHAPTER . . Page
L 1 . INTRODUCTION ....
. * . ‘" Statément of the Problem . Lol
- PurpSse of the Study P48
. @ s Need for the: Study - v, 8
! . Limitations . . 6
N g : 3 L
: - I . ' REVIEW OF ELEVANT LITERATURE . ey
3 - Introduction . 7: .
i - RS -« Definitions.of y 7 *
. *' - The Developmental Psychology of Plaget FLI
e The Concept of Matching 23
. . Matching in Science 26 .
.1 METHODOLOGY ... 33
K Methodology for Sample Selection and Analysis ... 33
. oncrete
. Operations and Bornal Qperations Stages ....... 36
o3 e ’ *
. I - ANALYSIS'OF SAMPLE GF ACTIVITIES FROM GRADE TWO stan
[ . SCIENCE BROGRAN .y.viivieres
ol E © INEROdUCELDN vevererreresiseneesbesheees .5
o - Analysis of Activities from Unit: LIVING THINGS .. - 54 -
i = : . Analysis of Activities from Unit: SPACE . 73
b . & ' Analysis of Activities from Unit: TDME . 82
. | Analysis of Activities from Unit: ENERGY 95
5 . Aualyata.of etiricten fhoul DACE: MATIIL 110
| : Analysip of Activities from Unit: PLANTS
i 5 S IN RELATIONSHIP WITH SPACE, rmz . ENERGY *
. - AND MATTER  vvuevevsernsssneesnsnsarsenansnsess 125
2 v 5 4 Higes . i
R J . v SUMMARY AND RECOMMENDATIONS . Sl 133
1 : 133
| 137
(] 8
[ R !
i [ 140 . .
i » . Y «
h N v
\ s
i g g o
| : : oo
x N e o N
—_— - e



TABLE 1

TABLE 2

TABLE 3

TABLE 4

TABLE 5

TABLE 6

TABLE 7

\ ~ .
\ 3 LIST OF TABLES .

A 9
§umbary of Findings for
—
\‘ 5 %
Summary \ofjindh\gs for

Summary of\ Findings for

\Summaty of >\1m‘llng¢ for

Summary: of Findings for

fo oo ]

lJInl;_m\ Living Things v......

' Page

72

| S s

Unit on Space

fmi: on Time ......

Uatt on Eue:gy

Lnit On MAtter .ui.see.eenees

Summary. of Pindin[! for Unit on Plants and Aninals

* in Relation tp Space; ) Tine, Energy and Matter

81

94

‘132

Summary of Finding(a for [the Total Sample of Activities 139




A * e
o R . ] R 5
° 2 5 CHAPTER I " o B
. o
° INTRODUCTION - - |
. \ J
13 . Statement of " the Problem . , ./
g | X |
. s > * In primary classrooms throughout Newfoundland and uh:i—mo: there
" 1
hanlgenerllly been one program used in the teaching ofl Bitence. / n‘ =
- the STEM Science Program — "Space; Time, Energy, Mattds" (Rockcastle,
» _Salmn,, s:hma:,- McKnight, 1977). Nevertheless, somefchonlé

desburdes other than STEHj which have been used. to sup{nmen: thetr r 4
. i
ottance progran.’ " . ot b

Since 'STEM has been and still is the mm{y\scdme programs
llL\the pximary schools of the pt\wlnce, it is important that this basis
~ " be ?n excepr.iknlly good one :hut mgeta theyneeds” of (he :hildxen fnr *

/ wt it ig m:endedf It beu&n netessary then to ex.lmine mu program in

‘. the nm of ’uau thesiy of child development. In examin!ng STEM, one
must \-nk if the program is suitable if terms of ‘the development and abil-
1ties)of the primary school child.” The question arises "What, should'be

the theoretical basis upon which a science program should be based?"

|
| The -theory upon which the selection of a program is based should

be a sound one which will take into the general i

‘of children and the specific capabilities which children possess at the

different stages along the continuum of their development. _. ' .

.| Mavarra (1955), in "The Development of Sedentific’ Concepts in a
| Young Ehud", indicated that there was a, qpm:exn for” the dzvelapment of

children. The fmlndatlona of modern child psychology, he notes, have




«
- . |
) v . L 2
“been’ -:mm:ea to wﬂhelm Preyer. Preyer was avare Gf the individugl
dxffetencu in children, bu: fal! that' the differences vere much more of -
: ' tine and degree than of the order in witich steps are taken. . He contends %
-

tﬁat the sp!cxfu: steps that are taken are the same ig all individuals.
,

A’similar concern fnr the stages of development and individual

A r
dlfiermcu is ).nh:tent m Dewey s. bnu: :hml "hagm where -the chxld
is'y

"tecognue l.mh.\u.

diferences”, hid Mscek g:bL:h ‘within the F - |

|

AV s ina‘iudun",(seamn 1975, ol 13D, - . o
!

) In ‘the pu% o decades there has been. mhn emphasis on Bpply-

ing Plaget s theory of child development in science curriculum develop-

went. , This fias been Feflected in.texts prepnred for children. Tn the
“ British Sclpols, Coum:xl é.ume to Sciel\ce 5/13 Program (1972) reference

is made to the fact that Piaget's stages of development are adhered to.

Ennever et. al. ‘state in one-booklet of this series, With Objectives in

4, "Since we follow quitelclosely Fiaget's ideas about development,’

our' stages 1, 2 .n'd 3 have similar. properties to Piaget's stages
(p. 10).

Another prominent science progran which is widely used in

prisary school¥"and is'based on nlpectu of anggt's dzvelnpmentn! theory

i SCIS (Science Curriculun Improvement Study) .

@ ., Piaet has fad extensive Lnfluence on educators' views .of fow

youbg ehildren lesrn pcxe?c?meeie1d:. 1976 p. 135). ¥1ne potencul

application of Piaget's theory ¢an be sgen in many. aspects of science
| .

learning, and teaching becsuse Pisget explicitly outlines the character=

hncs of children at the various 'levels of development .and avidum:e has

been accumulated in luppm‘n of .'those stages. Thus, Berger (1974) can &

Jean Piaget is genernlly . foremost child opatiots
, ' ‘fﬁ" nythis century" (p. 77).

vrite,

., L P
-~ - " »
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1 PayeiBlogists and educators alike (e: &, flunz, 1961 Fluvell,
1953, Alay, 1966) have fom\d ‘that Pﬁge: s r.heory, which is 1ncte‘luly

uupported by empirical

ﬂssesslng a dﬁud's mental® development, “general, and his ability to

conprehend and utuize nbstrnct concepss;; in pax:icular (Goldsphmld

“and’ nenrler, 1968, p- h)

Tding to, Piagetiap thaory, ms! pupry childrel},are in-a

very early stage of deva Topachs name],y Pt ': 1
p:.tmary some childrew are. also’ m:n the concrete operational stage

—Beard (1969) 'refers to'thé stageg of. development 'of the primry—axadv'

child uh'en she w ertod TIA extends from about eightden months to

about . seven yé.zs, and 1; a' e<opernt£nnul pericd e 1s ag.m sub-

divided ir'\to two stade sne first, extending uncu _about four yeurs/ .

r.hey cau the pre= crmcep:ull utag ; the second i che “ntuitive stage.

Peund 118 extenda roughly frmn seven.yéars to addlescence and” 15 r.he

period’ of copcrete operationsW (p. ‘5). : v & r y

. i ki 3
Pligel haliev:! thl: chlld!en !{ I’.hese stages will be capable :

of pextommg certain tognitiva tasks im: _not or.he!!. This 1§ particu-

lazly erge of cmu:epr.ull developmem: in science..” A good sc1=nce prugtan 2

should be such that it can be Dastered with intereat by the average child’

in these stages, There must be the right mixtul‘e ni the fam:u.inr and’ the.,

fovel, the rlgl\t mateh to he. particular stage of leazning of the ent1d.

Accordinig to Harien (1977) "The riotion. df Imatching' 1s' .

;o . . - ;
centtal to our ‘ideas about helping.children to makeprogress” (p: 7).
"The keynote to ‘matchifig 1s;.. finding the Fight challenge for a'child, '

the size of sfep 'that, he ‘can take by using but' also extending existing
a ; S :

1dence, hay serve as a conceptual -framevotk for




L
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kn Mc‘hards, 1980, p.-60). "

% phuo‘in ;msoundund 1€ seemed worthwhile Yo ‘examine s progan

" outlined in the texrs

ddeas. .There 1s as much a mismatch 1¢ this sIep a oo il lzuding

‘o botedum. as uym 18 4F 1t83.200 lnrge, ieadtng to Fallive (Harlen §

g\ s:muu.«’m'lz-) cnntends ﬂm u the 1um§r has the appmpr:»

vnulrl faculta:e posittve %rucnl !Smnarer }\ythemore, he points E

" for a’succauliul uclncnm of eaCh uak. we would then test to gee. 1t a

child bad acquired zm.s Teveliof reladnlng L1fa

macch'’ exu:s. the

prpbuhility of task anlu(ion s g:u:ar ‘than 1 the zuk‘s sul-tlon

!équirpu a highel‘ lgvel of operntiﬂn zhan the child vossesus" (p.

Tn belng a’ good match for a ﬁhlld ammung to the Plagethn

mrlel, a s:iem:e progran shoula 1rpmlve tha chtld as mich as possible’

irpm an 1nternctionist 2 point oj e, - It should Conpp{se acuvicms L

 that gxu ot v\wmn difficult ‘nor :oa _simple, but rather, wul help -

the ehild and add to.his development by st ching'. hin.s i
! . .
Glven the widespread acceptance of the Piagetian model lnd the \

fact: thiar there 15 only one science program deulm\lted for pmury

Wit i tn BE lslwztaining to wh-: sxtent the particular

Provide a developnental match with the level of

the =hlldran for wlwn 1

was, intended. B : .

" he far as ma writer reuurch could. deterﬂine, s'tm sciencg

has not praylously besn exsminied-in this context:
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\Puipose ‘of ‘the Study . LA, d

e
The main purpose ot this Ftudi; vas to critfcally exanine the

STEM Sciénce Program n Grade Twowso as to determine to vha( extent the
learrling acuvnxes prwided in the ))ragram constitute :a-match between.

aunvn:ms and the develo:mentul level of the learner, " as_suggested by

Puge:lan theory. . sl oot

Such an exmma;mn uould help to deterntne the, snitability of
the pxeuenr. pm@um. In terms of this exnmi.na:ion-, suggestinns were to’
be made for a supplementary or a modified program. 4

5 = s %

Need for the smxz . R
Uhen the’ STEH Science Progtn‘m was zdopted for. the' Newfoundland
schools, it wag HoE accepted on the bum of uha:her 5 Dok there was a =

match between the activities in.STEM Science and the de’velopmen:ll stages

of the child. It.appeared thut the ptngl‘m waa recnmanded by the Pro-

vinicial Setence  Curriculum i with Epe:iflc for pro-
gedm selectlnn. The adnpzlan of the progran, by the ‘dizbctor for the
province, wvas. mn bnaed sal=1y on the dzvelcpmenr.al Lheory of Jenn >
‘Plaget. - L ,'
. . gince tn llevfoundllnd achéols 1¢ ds policy to have o’ comop
sclence pr{gzm, that progran should be comprised o, nctivlziesluhich
would be a-gbod -match for the target pqpulltlon. A good science pl‘agrnm
stiquld be s\lq:h that' i¢ can be mastered vith interest by the lverlse chia,
uurxen (1980) qonrunds ghat 4F the material 1 oo fnmum- or

enef learning skiila _too casy, -:Mldr:n um become inattentive and bored.
o :
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- a priats leaming

Limitations 4

If joo great maturityets demanded of them,\they fall-back on half

fornulae’and bacome only to give the reply-the
. . - »

ere is xenlly no subs!

tedacher desire

ute in a'child's schiooling for the

They m’ i £ if chil-

dren are to grow mnllecmnlly and be\ufu £rom &lutruct.inm
.

P i s ) T o
Only activittes from the printed page vere exemined in terss of

suitability as nppnud to observing children carrying out these

-uivuig-. Thia nay or may not ‘haye retlegted ‘elassrdon prucl’.xce. .

was exammed uml thh mly ‘or, may not h‘lva‘ bun rvresent-twe of the !

. tot’ul program, despxt‘apprnpnlte umpung proceduup. &




CHAPTER 11// L. T

S, G s | . REVIEW OF RELEVANT LITERATURE

c
Introduction '

. o ° \ S i
£ < Given'the vast amount of literature that‘has been written

' .- by Plaget and by oe'ne'zs nbm}’: his ental theory, any 1
0
By e review can be' "at best a reptelen:ltive aexecnon,
According to Pulaeki QQED), Piaget has been yublishing pro-

llficnlly aver since -he' was el.even, and it has becqme u mommen:al task

— fep %3 il keep u . m. ptod\lc:inn : ue s the ‘author of ‘at least "

1ny

bnaks (Pulnski 1980, ‘p. xiv). Plavell (1968) says that Piaget had

it Vi wiccen Bore than 150 journal articles in a period of“fore than 40 yenrs

Cnnsequently, this nhapter will dedl.only With his recurring them

those aspects of. his u'zitinga Hhich are most ralevanr_ u\d which relur_e

s . to this study. - e : ol
N ] o

In :hu sec;ian those terms which Piaget freqnem:ly uses will

7 .
be defined' fis ot bt a chlld" ¢ of il be

1. Co the heiit seages it vhich' Plaget:§
! ¢ 1

will be looked at; and there will be S examination:of soné of the.
. \ . research related, to :he :nplc- - .

Defini\unn of Terms Fre uentl Used by Piaget

Thinking that is removed or dlam\gnged fromthe \,

g ABSTRACT THINKING
, conc.rete, chprscteriled by the ability to. form’,
V

puu Ahatl‘lctiﬂni lnd to rausen an ‘a puraly veﬂul

level (Goninl\, 1972. P. ux)..




ACCOMMODATION

ADAPTATTON

qA\ségxx-uilou

CONCRETE OPERATIONS

The process of reaching out and adjusting to new
und‘ changing conditions in the enviromment, so that .
pre-extsting paccetns of ‘behavior are modified to
c6pe withi neir Information ox feedback from L

éxternal situations (Pulaski, 1980, p. 231).

A mode of that izes

all forms and levels of life. .It consists of the

dual.processes of assimilation and*accommodation,

vihich'go on continiously (Pulaski, 1980, p. . 231).

The process of taking in from the emviromment all . \

forms of; stimulation and information, which dre

then organized and integrated into the organisn's v
existing forms or structures, thus creating new

.

structures (Pulaski, 1980, p. 231).

with t exisung .

dbjects, and include ordering, serial nnngemn:a,

and classfncatinn, as vell as mathematical pro-

cesses (Puisski, 1980, p. 234). oS

that objects or quantities remain

constant in quantity despite changes in their

< appearance, (e.g., one cup of milk is the,same

amount whather “poured into a tall, thin glass or
a vide, shallow bovl (Pilaski, 1980, p. 232).
The behavior (hnf. lnfomn us thul: (uncuonins has

seetrred m.vul 1968, p. ‘18,




|
i-

DECENTRATION

EQUILTIBRATION

FUNCTION

nmucntf

The y and’

aspect of 1
activity, by means Of which érrors or distortions

of are

focuses
first upon the most compelling aspect of a stimulus

to the of others; or focus-

ing on aspects and them

into the total percept, leads to modified and more
E ~ - 5

accurate perception (Pulaski, 1980, p. 232).

The dynamic, co }s\?uuunly self-regulating process

of balancing the changes brought aboyt by constant
assinilation and accoimodation in order to arrive
at a "steady state” or equilibrium. -It is /the
organizing factor underlying all biological and

3 B}
intellectual development,(Pulaski, 1980, p. 233).

Use of logical propositions and hypothetical

" reasoning. It is typically based én. theoretical

constructs rather than concrete gxperience (Pulaski,

1980, p. 234). o

The intellect.s endeavour.

relate the old and the

new me?nlngfully (Flavell,. 1968, p. 18).
The type of reasoning in which & pevaon derivei a
generalization from particular instances or

experiences (Gorman, 1972, p. 113).




INTUITIVE

10

OPERATIONS

REVERSIBILITY

SCHEMATA

SCHEMA

1c of the 1 child betveen
" four and seven. It is based on immediate percep-
tion but through trial and ‘error may lead to .

correct conclusions (Pulaski, 1980, p. 234). -

The interiorized activities of the mind, as oppos

to the sensori-motor or physical activities of the -

+ body. Characterized by logical thought processes

that are orga and can

be generalized (Pulaskt, 1980, p. 234).

A tic of logical ions 'that permits
the ind to reverse its activity and go backwird in
thought in"6rder to coordinate previously observed

with presgnt (e.g., 1f 2

and 2 make 4, then 4 less.2 leaves 2 once more)
"(Pulaski, 1980, p. 235). ‘
Cognitive structutés which refer to a class of
‘aimilar action sequences that are strond, bounded

totalities in which the elements of behavior are

_tightly fnterrelated (Flavell, 1968, »| 18)%

An engemble of sensori-motor. elements mutually
dependent or unable to function withoyt each other

. 7
(Piaget, 1952, p. 244).

on ‘recefved through
physical exploration and sensory gefimulation; also

to. the earliest developmental peribd (Pulaski,

’
R s




{ . 1980, p. 236).
(sometines spelled as sensory-motor)

STAGES Levels of zed by
. \ dlffeuﬂtluud, more cn-pux, and more hmly

integrated pattermis of nmuqx oF bebavior. i

| - . .. Usually stic of certain cfy ical age i

- rdnges (Pulaski, 1980, p. 236%

|
a  w :

STRUCTURE An ordered, nterrelatéd system of knowledge or |

4 nuumna (Gorman, 1972, p. m) B o
| : % swboLic  * The use of syshols to repressnt external reality .
| . REPRESENTATION * «
! (Pu1qk1,31980. p. 236).
- B ' '
The Devel 1 of Piaget -
’ Piaget that certain underjje all learni

whether in .}iple organisms or in husan beings. The two essential pro-
cesges dre on the one hand, sdaptation to the environment and, 6n the
other, o:ganu;;_xon of: experfence by means of action, memory, percept-
lons, or other kinds of mental activities (Beard, 1969, ¥ 2
According to Renner and Stafford (1979), Piaget refers to \_
organizations and adaptation along vith assimilation and sceomodation \_—&
b8 the runccm;;l inv-zt;n:u of intelligence. Thus regardless of the
age of the learner the process remains the same. It will always pessh
with assimilation and lead to organization and -A-pintxon.
Although mental structures are also part of Piaget's sadel of !
.meuuenca. they are not invariant,,they dre constansly changi.ng‘ o

i
i It is possible that these changes begin the instant we are born and
‘ R v ¢
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v L @ s . " ~
/_‘cnpcﬁ\ug throughout our whole 1ives. Whenever a child is asked to learn

something, hé.1is Teally being asked to transform the inputs from his -
environment into his own “mental ‘struétures .

Children must have mxsmum opport\mi:ies to assimilate theif.)

‘e,.vuumnen: 1h order .to develop increasingly cmnplex mental szrucmres\A

and content. .Piaget's work on coricept fnrmm:ion indlcates that in

order for a concept to be comprehended a mental stru must_aluays be: .’
present (Raven and Calvey, 1977). 5 g 3
Piaget ﬂBs.A) describes four factors which, 'he believes,

explain’the development from one structure to another:

£ don which is a of embryo-
s genesis,’ ®
the.role of experience or the effects of the .
* physical environment on the structure.of g

intelligence .
3..social transmission in the broad sense (lin- . .
istic tiansmission, education, and.s0.on),

and;;

equilibration
t (pp. 176-186). -
' The fourth factor, equilibration, is a fundamental one in
terms of matching. It can mean the coordination of the other three
factozs, and to nchuve?qumbmum i is notYsufficient to, tella

¢hild Uhy. A teacher would: o better to create Biruations where strac-

tures can be discovered and the child can correct his own schemas.

' Through progressive assinilations and mam‘mmmn'a o

equilibration p!m:eeds throughout ‘the :hlld'n devglnpment mu:l equil-

ibrium is li:hleved at lnnrcuaingly hlghe! 1ave15 X .
Shulman (1970) suggests that Piget mees the’child as-a




developing organism passing through biologically determined cogaitive 4

stages.
" hecording to ¥ater (1965), u‘u: implies. two different ‘assump-
, tioms which expllm lhl.l evolution:
- 1. The 1 and, {nterre: of
. g objects, space, causality, and time presuse

a priori the existence-of definite pittzm
of Xnt:llectull development

~

The intelleet organizes, its own structure by
“virtue'of its experience with objects, space,
cuuuluy, and time, and the xn:erreluionshi’p
of these .nvmnmm realities (p. 94).

. ° Plaget argues thlt ‘st each stage children do not copy vhat they

encaunter but actively construct reality out of their experiences with

_the The realities by children gre, in a sense,
2 series of progressive approximations to adult Feality ... and prior to
adolescence, children lack I:hg mental abilities ‘n ‘think, reason, judge,

and make decisions in the vay that adults do u.u\m. 1981, p. 97).

Piue( s theory of stages of human :muua development

£ + dren. - It helps us become avare of how they perceive the world around

them at different agy

N

an art-

As Good. (1977) writes, "Stages have been developed
ifical means t; communicate some very complex findings on children's
thinking" (p. 139). .’

.Pugat'- four main stages of cognitive development are generally

¥ g described: o

2 1. Sensori-Motor Period (First two years

2. Pre-operational Period (Two to ren years)

x

- enables us to gain a better understanding of what we can expect from chil-




Period of - Concrete Oyaxa[ions (Seven to
twelve years)

.
—
w

\ |

. Period of Formal Operacidns (Twelve years to ¥

. dulthoo
e \ .

-
=

F: It 1s Plaget's belief that the order ¢ these stages of devel-

1 opuent 1a constant but the ge at vhich a stage 1s realized cannot be
i " . absolutely fixed, for it xs relative :\l the enviroment which may

encourage, inpede or eyen prevent its appearance. (Beard, 1969).

4 «Nadelnan (1982) cghcurs with Beard in saying that the norms in
a-Plagetian description are merely rough guidelines for when'things’
usually happen, for ‘the theory makes no ‘\‘élai:m that abilities emerge at
specific ages. Keseﬂ}'c.h reveals that there is wide variability #n the
speed with which children develop. | .

. * Acgording o Good (1977), some children might develop a par-

ticular cognitive ability before the typical age range but the order of

this development seems to:be invariant, at leaft in the'general sense.
: |

He contends that there séems to be a logical or preferred sequence in _

the development toward logical or formal operatiomal thinking. This

3 e
development consists of four distinct stages.
?

The first 3nd fourth stages of development (sensori-motor and

the formal 1 arenot as {cant for this
study as are the second and third (pre.—ope‘:rA:ionll and concrete oper—
» ational),stages because it is reasonable ul-alu)m that most children

N ] . . at the grade two level would be operating within the limits of the
's second and third stages. ar

The latest statistick vhich could be obtained from the

Department of Education regarding the percentage of grade two students
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who would be seven yéars old in the province was obtained from the
. Statistical Supplement tq the Annual Report of the Department of Educa—

tion for the-school year ending June 30, 1973. For that year 61.7% of

the total number of grade two students in the province were seven -

{ years old, However, upon checking with a number of schools™in the 1
St. John's area it was discovered that the percemtage of grade two stu-
dentswho are seven years old is much higher * ranging from 75% in

o are, ax ; "

inner-city schools to 96%.in some other schools.

/ . Sinceé seven-year-olds are generally in the preoperaticnal

i
|
1
!
| andfor concrete operations stages, these two stages will be described ' ‘\
in greater detail. The sensori-motor and the formal operations stages }
. will be looked at, however, -so that in cases where thé activities in N
the Grade Two' STEM Suien‘ce’\oak appear to be more suitable for these e
ievels, they can be i'dencihe\d as such, v
The first stage is referred to as the sensori-motor stage
and is ‘generally considered to last for.the first two years of life.
According to Pulaski (1980), this period can be subdivided into six
suh—-nges. During sub-stage 1 the child has no awareness of self as
such or of the distinction betveen self and the outer world, , Then
comes the second sub-stage where the child begins to dﬁina‘ the
limits of his own body through accidental discoveries, It is during
 sub-stage three that the child learnn to adapt familiay ey 6.
situations and his interest becomes focused more on the world around
tim, Intentional heh-vio} begins to emerge. during sub-stage four. i
Theoughout sub-stage £1v the.child s able to follow

visible displacements of an object being hfdden, The final sub-stage
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of the sensori-motor period marks the transition from sensori-motor to
Tepresentational activity. The child shows purpose, iatention, and

the beginnings of deductive reasoning, along with a primitive under-

? standing of .p.cg,da;iag, and *causality (vulasks, 1980, pp. 214-215).

The pu—ﬁfi—'mml stage 1o the second of Plaget's four
stages of developient and 1s most often chserved in children imn o e
to seven years of age (Pulaski, 1980).

.. According to Plaget (1964) it 1¢ during this perdod that the
child acquires the begimings of language, of symbolic function,
and therefore of thought or representaion.

Pilaski (1980) contends that.vhile the child manages quite
reslistically {n the physical world, his thinklsg Ls sttll zmentric
Gt by a sense of n.;u omnipotence. o that” al1
natural objects are alive and have feelings and intentfon because he
does. Pulu‘;u:.l reasoning appears duxin. this-stage of development,
and it is based on perceptual appesrances (e.g., half a cup of milk
which £ills a small glass is more. chan half a cup which doess't €411 8
large glass). Trial and error may lead to an intuitive dsacovidy of
cotrect relationships, but the child is unable to' take into sccount more
then one attribute at a tine (e.g., blue beads cannot at the same time
be'vooden beads) . Langusge 15 wed 1n an egocentric wy, reflecting
the child's Limited experience  (Puldski, 1980, p. 216).

According to lavatelll (1970), the pre-operational stage can -

be described as hiving these characteristica:

Yo B

<

1. The child’is perceptually oriented; he makes
Judgesents in terms of how things look to him.




|
|
|

2. The chi’ld centers on one variable only, usually’
. the varisble that stands out visually.: He. lacks
the ability to coordinate variables.
3. The child has difficylty in realizing that an’
_object can possess more than one property, and
thus can belong to several classes at the. same

Y ime.

 (op- 29-33)
% e L

Flavel (1963) ravon ‘thinking of pteoperunonnl thought. a5,

thought vhich bears g impress of its uensonﬂno:or origing, that. 5, *

s saturated with sensori‘motor adherences. His thining is based on Lo

the' £act that the child at this stage is exr.rmly ccncteu, his think-

ing is slow.and static, and he is relavively u..wéi.u:ed nd unconcerned

vith proof or logical justification. In general, the thild is unaware

of the effect of lis comunications on'others.’ .‘f ‘.
According to Lovell (1966), there o' great increase in cl\a

power of reversibility of thinking fron seven years of ‘age onwards.. Chil-

 dren..camot “Learn from mere observations. From about .evun\’nu of ag
the child increasingly develops new.and more cmhplu:lr.ed sctiemas. e
becomes aware af the nequencu of action in his mnd and he can see the -*
part played by himself in ordering his :xpenence. s it becomes possible

for .the child to bmld the- concepts of class, setatin, uiber, yeight,

time etc. However, it is only.concepis thas can be dérived: Fron ‘contibe

with first-hand reality that can by

laboratéd by him. Fnr'exmﬁxe,

the average seven-year-old does not appear to understand that' the

[
amount of quantity of matter stays the same regardless of any chungn

in ‘shape or; position. Thu concept of comervn:mn of lubltlnce

an important one, Em: the mind can cmly dul uff:::r.wely ui:h a lump

i
3
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of plasticene, a glass of water, or a collection oF shells, if they

remain permanent in amount and independent of the rearrahgement of their -* . ‘i

individualeparts. . . .

Space can 5:11]. be :1ed tp motor acts for :hildren at ueven .

years of age

it cum,Se a conciete space and has not been sufficiently -

Internaiized for it to be subjacted to hental uperntioﬁn. e ;mms, K
therefore, inflekible, m the mind (Lévell, 1966). T A
Some concepts, accordlx\a tu vaell (1966), are nttained ‘by
the time a child is sevm\ years qild begause of the mexe fact Df every— ™
lay expe\'iem:es Conventinnll time words used 1n the Calenda! lnd the
cxguntzaticn of tha veek sye vall usdszatood by the average sevenyear- ¢
old and some lEvEn-yell—nld! can understand hutiz:lltal and vettlcnl i
becauss 6 their experiences vith horizontal and vertical in everyday
life. ’ o L& E G
§ Both the pre—operltlnnal stage and ths stage n(cuncuu .

utillze vt thought., éiuwaver P].nvall (1969) w1

recngnizt-i the .uffefénne between these two u €2 when e dnscxihes *

the~concrete' operational child as one who bzh&}les in & vgrriety of 4"

tasks as though an vere’ fi

ing in equilibriun ‘or. in balance' with a didcrininative, .c:amnd_ll:ory s
mechanism. ' . ’ " ¥ s

4,3 According to Pulaski (1980) n\eu,u a’ very' gud«ul trans- a

ition into the pariod of concrete oyeuuonu. The child in this stage

)
can’'think logleally about things he Has experienced; and mnxpummhem
symbolically, as in arithmetic aper.mm;. Nei ok avoy i BRELERRET -~

conservations. For example, he récognizes that a cup nf:mﬂk'il the




i -5. Tautology: an'operation related to logiral
. classifications. «Here Tepetitions of a propos= .

e 3

ever,. )|e s unahle (D dccomphah these opemtionm Plavell 41968)

} relatively sp e
. i i ttuccuung nnﬂ ergmxzmg setivity. is

8 oriented, towards evncgece fhings and events in ;hr«
L itmediaté, pregent. e ‘1%, some muvement towards.

1 the nonprésent but'if.is “of linited scope and con-

. . . + sists mostly"of -sitiple, genéralizatigns gf existing' - .

outset and then t; ry- i %
P o p})anbxlxtxu :eally 4o orcirin the present data. -

o

The conorete-operationdl chxld has, £o. vanquish :he

vénicus physical properties’of objects and event

becaute his cogmtwe mlcrumentq are maufiiuencly

: “formal", and di

@ : g  ffon the subject m::er ‘they hesx upon, to permit's
iy ree, 11

A » . 3. The’ various concre;e-opehz nal systems, (n.
. : e +''.  the logical groupings) do not interlock ro Enm a
A . siple,; integrated system, 8 system-by which thé .
& " s .child can readily pass: from ‘ofe sub=structure to
. .. |, another in.the couljlsfof ‘singlesproblem. y His
.+ ’various cognitive
e . 8 i 'the unified ghol§ hecessary fo mandB% certain com- . -
Vhy B ot . & ,plax tasks. . y

(pp. 203~ 204)

[ p> tenlxty in the r.umuwn from prn—o\zennona to l:om:rer.a npurltxunu,

Y moves another step in Adolelcence with the rev!ruLm role, betweed -

tructures £ail fo.cembine into &
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same amount, whether seen in a tall, narrow glass or a short, wide dne.
An extrenely important development is that he'is row able to think

backwards and forvards in time) that is,he has acquired reversibility

s of thought, ! :

s : Copeland (1974) writes that the concreté operations,stage

.‘,} ) o 'mrks_:he heg{nn{ng of logico-nithematical thought and the child g
o) etatumnl" m I\u Chmlung‘ At this stage ‘the logxcal' -thought is |

e Ram ¥ tised i pare on the phyuul manipulation of'cbjects. The child 4 I

i & . ohtaxns )deu from, actmnu on "such concrete nb;uu as water. Bnd clay. ?

i " =) Puget (1964) indicates 'that nany of the operatmns at

thu vl are mthem:m'l in pature.  These opern:g.\ms ‘include, . 5

.lccordmg to Puget (1964); those of classification, ordering, the.

T W suraneton of se daes of snbit, npanul “and tampotal Dpenr_wns. :
and -all the fur ions of tory Loglesyt classes and :
. " ). relations of ¥y Cies, of el Loty Ve

glemenury shysics (. 3, .

i § e, . {Vum‘. and Sulhvln (1976) a_ line, ‘fxv: upel:lfu: operulmna of

the ‘concrete opera:mns stage’

1. Oombmucwuz an. upetn:mn in phich two classes
. : may be combined into ore cmprehennva clnui =/
. that embraces them both. - 4

o

2 ) . humhuuy_ every “logical or mathematical

operation is reversible in that ‘there. is an o
s oppusité operation that.cancels it (for exlm'pk

* 4 3 plus.4 equals 7. can be reversed to 7 minus. 4.

Alloclltlvltz an apenrion combming»nvern .
s without regard to grouping’ (fof example,
s b) plus c equals a plus (b plus c).). °

operatian. that can bé nullified hy
t in.th its nppoute\(fnr exampl
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5 5 4 y
now has the potential to'imagine all that might be there - both the very

obvious and the very subtle, 'in, what Piaget (1964) refers to as the

formal or hypothetxcu—deductlve nﬁage, ’

e In describing ‘fornal thdught’, Flavell (1968). gives the'

4 . folloulng urphed chnrac:erntu:i of t.hat stage of devetnpmen

NS oy cognu’.xve strategy uhu:h fries to etermine
ruluy uu'.hxn the cnl\lext bE pn!libxllty is i
11y chair . .

. cter. The adolescent moyes boldly through
i . ~the Tealm of .the hypotheti basic -
a . X ' - orientation fowards the real the possible ‘
PP B . leads him.nafurally and enﬂy to’ reasoning
e . of “the -general  form, ic
h * 2. Fornal thirking'is. :bnva all propositional
2 . thinkxnz. The inporl:nnc entules vh)ch the
o I tes in.his are no
. * «  longer the ray xealu:y data themselves but
N .« B [ assu—nona or statements - propogitions - - which
£ "contain'" these data. The adolescent takes the
résults of concrete operations, casts them in
the form of propositions, @nd then proceeds to
operate further upon’ them’ ¥ o

‘3. \The ddolegeedit ‘systematically, isoTates’ all the
indiyidual variables plus all pdssible combinations
. Kl of these variables. He subjects the variables to a
( combinatorfal -analysis, a method which guarantees
., X that the possible will be exhnustlvely inventoried.

Y ) . . 2 * (pp. 205-206)

\

Any ptopon‘.:ioni mage by a child in the :om- operations:
g . . lr.age become part of the child's cognxtive structire. 'This paptic- *

L ulag, structure is baged on the chill

past expeuencea From, this

. e the, child can make hypul:hesel :hu do not cnrrenpxmd to any pu:ic-
. Jular exper.i‘en:e‘ LI h 27 o

o 3 Accurdmg to mump- (1969) the. ndulelcent (unlike the

c!uld in the cnnc:ﬂtu operations uga) begml vith the posaible and.

then checks various possibilities against mémorial /r’el;:mnnuons

!
I
i
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of past experiences, and eventually against sensory feedback EPsg the

concrete mani ions' that are by his (p. 103).

A major dtep forvard in the stige of formal operations is
made when the child can syzpumen:" the reversible operations of negation
by that of reciprocity which entails the neutralization of a fagtor
rather than its negation (i.e., holding its effect conitant in some
way while a second factor is bexng varied), (Flavell; 1968, p. 209).

For example the child is using mg reciprocal operation when he takes
rods of different metals but of the.same'length (here the length is
neutralized) in order to study the effect of the kild of metal, and:
fods of the same metal but with different LRt Uity the aEfeEETGE
the lel\sth.

Formal thought is_, for Piaget, not so much' this or that
specific behavior as it is a gendralized orientation, sometimes
axpTisHinand someriugs dmplicit, ‘eowsts problem solving: an orieatation_
towards organizing data (combinatorial analysis), towards isolation and
control of variables, towards the hypothetical, and tovards logical !

211). -

jun‘gﬁc.cian and proof (Flavell, 1968,
Some adults never fully achieve this last and highest stage
ud .

such thinking as prevails

of intellectual development, but

in the formal stage is istic of scientists and

bresearchers who work with atoms, quarks, and nuclear fission (Pulaski,

1980). . i ] .
The two most relevant stages of development for this study are
the pre-operational ‘and theearly concrete operations stages because the

majority of grade two students in the schools of Newfoundland ate seven
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years_old and studies which have focused on the age-stage relationship

(i.e. Piaget's stages) indicate that most seven-year-olds are operating .

.at this level of development. n

Having an undergtanding of what these developmental stages ”,’
i
entail, in terms of specific capabilities of the child, one is better
equipped to examine the concept of matching. For it is in’this process

of ml::t:hing that the child's level of development must be given serious

consideration.

The Concept of Matching Y

"Learning is a continuous process from pirth.

The teacher's task is to provide an environment

and which are ly chall-

enging for children and yet not so difficult as

to be outside their reach. There has to be'the

right mixture of the familiar and the novel, the
= right match to the stage of learning the child

Hiag iresched:® [Para. 533 (CACE, 1967)]

This quote from the Plowdgn Report aptly describes Jooe aa
been a major concern of ediditors £or many years, matching the curric-
ulum content to the Shild's level of development. According to
Strauss' (1972) if the learner possesses the appropriate intornal capa-
bilities, it is possible to provide that match by creating external
conditions which'would facilitate positive vertical transfef..

Good (1977) contends that only the most superficial, fragile
kind of knowledge can be gained when the gap is so wide between vhat is
to be learned and the mental structures available for the job (p. 162).
The whole idea behind matching is to narrow that gap by finding out

what children can do and then using this information as a basis for

I




e Ty

1

providing appropriate experiences relating :L skill and concept

- Al
development. .

Educators such as Renner and Stafford (1979) ‘say that to
truly taplesent the learning cycle, children must explore concepts at
their intellectual level by being exposed to actions and activities .

that have been constructed on the basis that a particular theary is

true and the real basic is school activities that build méntal structures

which will allow more and lll)’rl assimilation Il; children um;g through the
schools. In this respect, writes Good (1977), the nature of the curric-
ulun and how the: student i ﬂ;:rm:luced to 1t should be based on an
understanding of the students. & . %"

Strauss’ (1972) refers to this when he says that we must first:
ascertain the level of reasoning required for a task and then test to
see 1if the child has acquired that level of reasoning. If it exists,
the probability of task solution is greater than if the task's solution
requires a higher levol of operation than the child possesses.

Experiences do not simply happen to the ghild; rather, they
must alvays be assinilated, vhich means that they can be effective
only if they are not too Far beyond the child's current level (Nadelman,
1982, p. 206). +A particular mental structurs must be present in order
for a concept to be comprehended. §

T6 follow through with the Plagetian Model, reference must be
made, again to that factor which, according to Plaget, contributes to
intellectual growth (along with ‘matuzation, _.auue.n.nmm, and

experience) and which is unique to Piaget's theory — that of




“equilibration”. An understanding of -this process is crucial to the
whole idea of matching. -
Equilibration refers to a process by which a developing child
seeks greater balance at successively higher levels as new learnings
are reconciled with the old. A child encountering something new to
him actively works at relating it to something he knows.' As’the new
stimulus in turn becomes familiar to him he reaches a new level of
equilibriun, This equilibriun resilts from the intersction of aciomsor
-dation and assimildtion. According to Nadelman (1982),'Piaget argues
that the child is most motivated to act upon events that .are slightly
different frop those that he haé encountered before. Sich events
then create a state of disequilibrionia the comnibiverbyutamss/Puvehor
ORALEIVA & CELOR YA s, Al GATVIBAL 4 FOIECEAAE & I
more advanced level (p. 207). . : )
Labinowicz (L980) suggests that Piaget's theory can provide
teachers with valuable guidelines for the selectitn of activities that
are within the intellectual capabilities of individual children (p. 165)

and, consequently, help ensure a 'match'.’

Educators seem to agree that "appropriate” learning exper—
iendes should be provided for children regardless of their grade level.

In order to have a match, as Lavatelli (1970) points out, "There must
be la‘und theory for intelligent selection, otherwise structured activities
could degenerate into busy work"(p. 24).. The next sej :ion’uil'l deal

with matching in one area, of the’ curriculum, namély sajence. .
B




MAll of the effort to develops scientific literacy -
is lost ... if students do not encounter content
. concepts thdt are on their intellectual level."

(Renner and StaEford, 1979, p. 300)

Classroom teachers are faced daily with decisions about just
this sort of concern — what kind of éxperiences and activities should
b@ provide f?r chi_ldren to meet them on their own intellegbual ‘level.

In making such decisions it is importa;ﬂ: to try to suggest
those experiences and activities which match as far as'is possible the
chglézgn'-‘ abilities and il tgpaent, wnd EhieyELve Fiea i Yast: chubise
of learning (Harlen, Darwin gty 1974, . 14). )

© 7" A sirvey of primary education in England done by M
Inspectors of Schools had as one of its aims an attempt to quantify the

'degree of match' in various subject areas. The results of the survey

revealed a striking pattern. The order of success in matching varied

‘little, with reading, mathematics, writing and physical education being
consistently near the top of the scale while at the bottom consistently
was science, with geography and history, art and craft not far“ahead.

(Primary

England, A Survey by HM Inspéctbrs of Schodls,-1978,

bp. 81-82). BT : -
A similar survey carried out i Scotland revealed that in 25%

of the classfpons science was'more of less neglected and certainly-

would ot be regularly taught as wéuld reading and mathematics which

were vieved as i subjects (Léarning and Teaching in Primary 4

and Plfiml‘ry 7, A Report by HM of Schools in Scotland, 1980).
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* The low priority given to the teaching of science in Scotland
made it impossible for the Inspectors carrying out the survey to deter-
mine the extent to which the learning materials represented a good
match Eﬂr/the‘c/hjldran concitnud. Findings such as these raise two |
ﬁuel[icnux (1) Why does science tend to be at the.bottom of the scale
in terms of ceaching time devoted to it? and, (2) Hhy does it tend to
he at the bottom of the scale with respect to matching?

Hi.th reference to the latter, Harlen, Darwin and Murphy (1977)
“coutend that lesmning in dcience, as in any other mb;u_: area; is most
Likely when activities are matched to a child's way of thinking but also
challenge that way of thinking; and they g‘.m' these as factors which
might well ;:e associated with this order, of descending success in
matching:

1. The order of success in matching is also the

order of descending 'importance' of subjects
as seen in most people's eyes.

~

2. It is a reflection of what is i.porunt in
initial training progrgmme: 'eachers cannot N
s be expécted to teach subjects »-u if their
ion in these subjects has been .
insufficient.

3. A third factor might ‘'welltbe teachers' own
background knowledge. In science we have a
situation of pupils huving no’ adequate s ience
experience in the primary being deterred [
by academic science courses in the secondary 2
school and leaving with a dislike of the subject, .
some to become teachers who perpetuate these con-
ditions.




ot e graian] {rahonid by vertledls thetfs; anchiney prsentation
,

% .
\
4. A fourth factor relates to the kind of materials
which teachers have to help them. At the top end
of the matching ratings we find reading and
mathematics, for which ready worked out teaching
schemes and materials abound. Materials can mever 7
replace the sensitive interaction of teachers with \
pupils which is necessary for matching, but they at '
least provide the essential resources. M s

(pp. 57-58)
/

i Leading from these four basic factors is the problem of
curriculun content. According.to Reuner and Stafford (1979), many
science textbooks written for elementary schbol science.iptroduce

very abstract concepts, such

the atom: Such concépts are chosen.
_because of adult appeal, but they are of no value to children in the

1 and concrete

Dietz and Sunal in Seefeldt (1976) point out that according to Piaget,

primary-age children are.in a ional stage of devel

.
Many science concepts and principles are so abstract that only those +
students who have arrived at a fornal operational level can understand
thep. It ia'recomended that as®ience instruction progresses through-
should build upon concepts already formed.

While noting that the nature of child development has impor-
tant iglplications for work with children in science, Jacobson, Bergman
and Abby (1980) outline a suggested hierarchy of skills to be developed:

1. Children should leatn to identify and describe

the physical characteristics of what they are &
. perceiving . i .

~

."Children ought.to be awarejof the,sense or_senses )
they are using as they exshine an object. -

1 stages of thought (p. 151). . /
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w

Children should be encouraged to recogaize sim-
ilaritigs and anong objects

4. Young children should also begin to develop the
ability to order materials along some continuum.

~5. Materials may be sorted or cl.
to various crite:

sified according -

As children .nconpluhfiinple sorting, they should
move on to more complex typel of classification.

. (p. 78)

-

j I v'l'hay further contend that in all science teaching there should prevail

an open-endedness, and lcxeru:e lnsom lhollld not have concluuonl in.
i tlis saciss, sk Eiaze vitl not beiforkher sexploribivh of e particulss
subject.

From such theories of cognitive development as that of Piaget,
too, are derived implications for teaching as outlined by Gage and
Berliner (1979): o

1. The cducur.or needs to make a special lffntl to put

himself in‘the child's place
and problems in the way the child

~

Children, particularly in the preschool and early
elementary school years, learn.especially well from
working with concrete objects, materials and
phenomena,

w

Theories of sequences of development also lead us to
believe that instruction should begin with a "messing -
\ ’ around” stage. Children need always to learn the
. near at hand before they venture out to rn things
s further fron their om experience. (9. 155-156)

Three distinctive characteristics of children's thinking are

outlined by Good (1977) as being:

N »; 1. Animism - attributing

as the sun, moom, trees

consciousness to such things
stones, air and the like.
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*2. Artificialism - denotes the child's tendency to
. believe that things-are made fof man's benefit.

3. Magic - used to characterize explanations where man
caused things to happen, that is, movement of clouds,

movement of sun, and. the like.
. o (e 9)

’

With specific cefsrents’ 5/ the teaching of sclence, Good further
points out thit teachrers helping children learn science should :akm
consideration the following points: there are wide variations in develop-
ment levels among children in most classrooms and thus, equally wide

variations in their 1izing abilities; ¢ 1 learning is

tied to e T . pri;nrily as a result of 'a child's
internalizing his ‘or her own actions on objects; direct, verbal instruc-
tion has 1ittle effect in facilitating advancements of developmental
levels and, thus, the, ql;ili.r.y of children to conceptualize problems
beyoid their current developmental abilities; and finally, science is an
attenpt to make more sense out Of one's environment by mnxpulanng
poRkithg SENNSE SELFHTSAELEE & .ufucuny level codbistent with one's
‘conceptual abilities (p. 220). e

i The ‘uthors of ‘the Science 5/13 program, Ennever et. al.,
(1972) used Piaget's theory as a basis fqr the development of activities
for their program. One of their major concerns for the program was

that learning experiences be matched with the particular.stages of

developmerit (p. 15). They contend that’ éxperiences nn{( ideally be

not only well suited to 4 child's point of mental dwelu}u\ent' but also
ones which are. mte’zesung and real to him.” Thus it is Jmportant for
a teacher to have some idea of the stage of development of each child
in relation to any specific. topic or set of problemss and to be wble to




find suggestions, if necessary, for suifable activities (p. 15).

It can be seen then, that many educators feel that a 'match'

Vbetween curriculum and children's capabilities is essentia] for learn-

ing across the curriculum, With respect to the science *curriculum in
7

fastEbe therk 1s a concurrence of opinion that an understanding of
Ghild develophent 1§ cructal to planning curriculun content and process,
and that there 13 a need for the match in science, which seems to have
been neglected, .

. The literntt;r_e‘éxamined sippotte the clath stated earligk.
Piaget's experimental w‘n’rk‘xndvzhe comprehénsive theary which hag resul-
ted represents a major advance in our understanding of how children L
learn and develop. ‘THis theory is particularly relevag® to science
teaching, because it deals vith the capnbilitieu of children at different
lavels b perfomm cencain, logiedl opefurions hich ake; directiy raiaeed

to some of the processes of science, and ginally. the process ofrequil-

. ibration, uniquely Piaget's, is central to the idéa of matching. In

fact, Piaget has delcribed’ the development of science comeeptsthrough’
P

four discrete stages: the stage, the

stage, ‘the concrete stage and the)f,eml operations stage.

When a teacher truly understands the developmental stages of,
children he will be'able to dsk himself the following questions about
a child and an ackmy, to' explore the 1ikelihood of a match or
mismatch: 2

1. Does the child have the ideas and abilities
¥ ’
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which are necEssary prerequisites for tackling the
fctivity? g ’

Does the activity provide ﬂpport\mil:y for the child . *
to develop existing ideas. further, without demanding
too large a change in ways of thinking?

3.

Are the experiences available to the child in a form
whic‘h is luitlble for him? )

4. Krd the organieation, socisl g:oupin; ‘and uthet con-
. ~ditions of working, suitable? .

. " 5. What approach by the teacher will be of most help to
hind .

J (Harlen, Darvin nd Murphy; 1977, p. 160 i £




W

gy s

CHAPTER III T oy

' METHODOLOGY .. <

“Methodology for Sample Selection and Analysis .

& In order to have a match batween ‘the stages o development

‘and the activities of ‘the STEA sclence progran,’ the acﬁvi:iea should *

require the speclfig. up.bm:icf ot chese stages and Leveis o cogni~

N "
s tive development:’ © N s J

Plaget identifies fout basic stagss in the dw;xnpment of

mental structures. In order to examine'the Activities in the STEM

science program in the light of Plaget's stages, it 45 necessar

\ focus syeclflcally on the cheracts(latics of the different stages, uhich

[ are significan: for this purticulur study. The preupentinnal and g:on—

. uetg operations Etages are aminad 15 some detail in terms of L‘heit i

k¢ s made to the ubjectlvu. Eor Tk

thede stages, of /the science 5/13 Progran.) : TR L e

The children who™ use the gn«xu two STEM science p:egrm w111 "

be seven years old gemerally. A smaller group of them will be'six or | . &

eight.years old but will still be at the preoperational stages in L

i .their thinking in general

A Lessor in terms of
tottes, didve, madiior he tormay bpazacions stage/anivetl (athse § oF,
| . Selence 5/13), Hoever, do that in cases where an activity requires,

" abilities of this stage it can b. Ldencified ‘as such. P
) The latest statistica available from the Provinclal Dépare- ' . .

ment of Education rayrdiu; the age of grade two children in-the province
* Jeame frthi the Statistical Supplement to the Annual Report of the Degurt-
. hent of Educdtion for the School Year Ending, Juid 30, 1973, This




" seven yéars nm by, Dgcmbet 31 1.972 The' mformaudn could lead one "+

“having pany grade’ twos turp iﬁvan« by, the ‘end cs the acudem;c yead

: Accordjng to Beard (1969), m pteqpetaticm@l ntage'ex:endi £rob approx-

¥ m:ely‘z to nlmut 7 or. ‘8 yearsi’ :‘he cummee operau.ona stage extends

- v .+ from abaut 7 or* a to about 115 _years and “the formal ope:auons suge

% extends. Etom about 14 ro abit 14 or 15 years. R

For the putpose of this study the sp cxfm ;mmms character=,

dsfic of these three sr.ages ¢ taken from a combination of Copaland

(1974), Beard (1969), snd Scum:e sns. (1972 “The last named source

\
used Piaget's stages as the huns‘for its breakdown into stages.

xmevm.- et. al.;- (1971) in With Ob]er:txval in Hmd (Guxde,(o

T T Ragn .:.p extends and b\nl\du upon the one before
3 LT and then forms' the necessary foundation for the
B J - rext: atage‘ i i

s,




_to carry’out the activity,

! .
through them varies betueen individuals.

3. Age is no guide to stages for a particular child.
It is only when referring to the average of a
large number of children that Stage can be roughly
related to age."
(p. 10)
..
In order to carry out,this ‘study, activities from the Grade

two STEM Scierice Program (Teachers' Edition) were enumerated and the *
total number found 'to be 270. The distribution of activities into cata-
fories was found to be: Space=23, Time“4l, Bnergy-39, Mn::er-k? Living
Things-74, Planté and Animals in Relation to Space, Tlme Energy and
Matter-38. Random u;mphng by use of a table of random numbers from

Glass and Stanley's Statistical in Education and Psycholog

(1970), was used to select 25% of these'activities for analysis.

Each activity for the sample is examined as follows:

7 (l)‘A description of the activity, according to theext, is given,

(2) then follows a discu

ion of vhat is required of the child in order

and finally (3) an examination of these
réquiremerits, in terms of the abilities chané:erisc‘ic of the stages,

is: undernken n‘d -the nct'bh:y is rated as nuuble (i.e. a good

-mau-.h) ar uqsuxtablB (x.e. noz a gond match) .

. After al} dctxvxtxal Iuva been exmnll\ed in this manner, it

is possible-to discuss the ovetl". sux:lbxh.ty of r.he text for Grade

M students, and to ake c;t(iln recomendgﬁom with respect to the

preun: pmgrlm.




The characteristics of the three more relevant stages for
this study (preoperational, cbnerete and formal) are given here in
outline form. To overcome redundancy, which is inevitable when quoting
from three sources, an attempt is made to omit repetitions of character—

istics so that they do not appear more than once. V)

s of th ional, Goncrete

and Formal ngm ons. szag 5

A. ional Stage (2-7 or 2 years)

1. the ability to represent oge thing by another
increases speed and range in thinking, partic—
ularly as language develops; but because
language is acquired slowly and does mot
immediately tgke the place of action, thinking
remains to a considerable degree tied to the
children's actions

(Beard, 1969, p. 39)

-
2. the reasoning of young children ... moves from
particular to particulars without generalization
and §ithout logical rigour. Piaget calls such
ing shoy that
there is development in thinking within the o
stage, but that transduction is typical of
reasoning in children until operational hinking
is achieved
v (Beard, 1969, p. 46)

3. in this stage children uncoucmusly extend
their own immediate point of view to all pnmue B
points of view. This characteristic of their .
thinking Piaget terms realism. It is seen when
they suppose that other people see the same view
of a model as they do

(Beard, 1969, p. 47).

4. it i a result of realism that children
explnm events in the world by artifictalism,
Children constantly assert that events in the
world are caused by people

‘ it (Beard, 1969, p. 47).
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/
4/ /
/
children attribute chagicteristics of life to
objects ... and suppose that all objects are
alive and can feel

(Beard, 1969, p. 48)

the child's ideas of causality and Yorce are
based on his own physicel or:psychic activicy

(Beard, 1963, p. "48)

early in this stage all but the gimplest enatial
relations are, found difficule.

© (Beard, 1969, p. 49)

in the i t tage (vhich extends from about
4} to abo s) there is a development ulu:h

‘enables children to begin to give reasons for

their beliefs and actions and to form some con-
cepts, but their thinking is still not operational) .
In the absence of mental représentation their
thinking is dominated by immediate perceptions, and
suffers fron the variability typical of perception.
Thus, although it is possible with practice to co-
ordinate a number of perceptions of the same

object by a form of perceptual activity, it is

not possible to achieve the stability and
reversibility of conceptual thinking which derives
fron mental operations

(Beard, 1969, p. 57-58)
.

children make no effort to stick to one opinion or
anysiven mibjace (Beard, 1969, p. 58)

there is a lack of direction in children's thinking
(Beard, 1969, p. 58)

thinking remains,egocentric i
[ m> (Beard, 1969, p. 59)

oy

they are unable to compensate tvo relations, or to
make even the simplest relations between relations
: (Beard, 1969, p. 59)

children begin to imitate reality
(Beard, 1969, p. 61)
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at the later ages, during this stage, children give
more artificialist explanations and fewer animistic
or magical ones they cease to believe that their
own activity has the pover to mske objects move...
but shiff the centre of force to the objects -
believing that they move of their own accord or,
alternatively, that they choose to obey man or God

(Beard, 1969, p. 63)

they are unable to hold in mind more than one rela-
tion at a time. They judge one group of objects

more numerous than another simply because it covers

more space, disregarding the number although they

nay pl’evmualy have matched the objects in two equal

linds. They are incapable of reversing the movement

of the objects to 'see' them in two equal lines

gl (Beard, 1969, p. 65)

conservation of quantities is not -understood.

Piaget 'found ‘that children he tested understood con-
servation of number and substance at about six, of
weight and area at about eight, but of volume not
until about ten yeses (Beard, 1969, p. 67)

children at this stage have no real conception of
measurepent: = (Beakd, 1969, p. 67)

making series of all kinds presents difficulties to
children in this stage because they can compare only
two elements at a time (Beard, 1969, p. 58)

the relation'of a whole with itg parts, or a class
with sub-classes presents difficulties

(Beard, 1969, p. 69).

the child's con’cepnon of space, though closely
tied to his actions, enables him to take account of
proximity, separation, order and contxnu).zy, con~
sequently, the parts of the body are drawn in
correct order, for example (Beard, 1969, p. 70)

the formation of mental images, or other representation-
of shapes, results from the absti on of properties
of shapes during a child's handling of objects. ‘A

lack of adequate mental representation is evident in

copying brder (Beard, 1969, p. 71)
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projective properties of shape, such as shadows
and sections, or the Euclidean properties of angles,
parallels, similarities, and so on are rarely under-
stood by, young children

(Beard, 1969, p. 72)

it 15 a stage of representation or symbolishn. Words
are being ised to reptesent things. The child begins
t or of the phys-
Seal vorld in vhich he lives

(Beard, 1969, p.. 26)

they build up appreciation of relationships within a-
shape, through memories of exploration of it

(Beard, 1969, p. 71) e

from a developmental standpoint, children are able to .
learn multiplication at the same time that they are
able to-learn addition, approximately 7 years of age

- (Copeland, 1974, p. 45)

around five or six, children make the classification
by shape or color or both. Classifying by, size is
somewhat more difficult

(Copeland, 1974, p. 54).

activities for rational counting are appropriate prior
to the concrete operational stage
(Copeland, 1974)

from six and one-half to nine years of age, children
have an intuitive idea that time and velocity are
inversely proportional but it is mot until eight and
one-half to nine years that they are able to coordinate
durations with the order of et

N (Cupelnnd *tom, Ppp.  168-169)

in the first part of the preoperational period there
is semilogic of one-way mappings
(Copeland, 1974, p. 26)

children have not reached the stage of reversibility of
thought necessary for the conservation of mumber con-
cept involved in such problems as ; 3 plus 2 equals 5,
3 plus equals 5, [ plus (] equals 5

! * (Copeland, 1974, P 75)
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but chiefly the transition between the two (Ennever et.

according to Copeland (1974) until the reversibility
of thought is achieved (from whole to parts to whole
again) the logic of inclusion and addition of classes
as operations cannot be learned

the reversibility involved in multiplication and
dioision is impossible for many children .below. the
operational level of nppruximlely/ﬂeven years of age

. . (Copéland,. 1974, p. 142)

" logical justification is at a very imperfect stage

up to the age of 7 or 8 and there must be a
transitional period of leariving before deduction can

bé;handled properly (Copeland; 1974, p. 128)
to teach a line segment as a set nE points in px‘imaty

grades is to teach without meani
(Copeland 1974, p. 162)

The developmental stage 1, as set forth in Science 5/13,

some preoperational and some early concrete operational thought,

The following are somie of the’ characteristics for that stage, taken from

A
With Objectives in Mind, (of the Science 5/13 program):

35.

willingness to handle Ho:h 1iving and non-living ,

enjoyment in using all the senses for exploring
and discrininating

% deuite to u..a out things for: oneself

avareness that there are various vays of testing
out ideas and making observations

. interest in comparing and classifying Uving or non-

1living things

in with

. willingness to vait and to keep records in order to

observe change 1:\ things

4
avareness of changes which take place as time passes

al., 1972, p. 10).



recognition of common shapes - square, circle, triangle
recognition of regularity in patterns

- P
‘ability to group things consistently accotding to
chosen orsgiven criteria

awareness of change of living things and non-living
materials

recognition of the action of force

ability to group livimg and non-living things by
observable attributes

ability to distinguish regularity in‘events and motion

appreciation that things which are different may have
features in common

ability to predict the effect of certain changes
through observation of similar changes

formation of the notions of the horizontal and the
Vertical

development of concepts of conservation of length and

. substance

avareness of the meaning of speed and of its relation
to distance coveres d

ability to find answers to simple problems by inves-
tigation

ability to make comparisons in terms 6f one property
or variable

avareness that more than one variable may be involved
in a particular change

ability to discriminate betweenL?lfhren: materials

ability to use displayed reference material for ident-
ifylng living and non-living things

svareness of sources of heat, light and electricity

appreciation that ability to move or cause hovement
requires energy




B. Concrete

)
ability to use books for supplementing ideas or infor-
mation

ability to record events in their sequences

ability to use representational symbols for recording
infornatiop on charts or block graphs

Sbility to tabulate information and use tables

ability td record impressions by making models, paint-
ing or drawing

awareness of causeeffect relationships
awareness of seasonal changes in living things

awareness that the apparent size, shape and relation-
ships of things depend on the position of the observer

Stage (7-11% years)

70.

I~

physical actions begin to be 'internalited' as mental
actions or 'operations (Beard, 1969, p. 76)

egocentricity decreases substantially and geniine
co-operation with others replaces isolated play
or play 'in the company of others' which is char-
apteristic of the earlier periods

(Beard, 1969, p. 77)

they (the children) can classify, or make series,
in two Or more ways simultaneously
(Beard, 1969, p. 77)

there is a further diminution in the number of
symbolic games
. (Beard, 1969, p. 83)

‘ limitations in verbal' reagoning appear to be char-

acteristic of this petio

1. children consider one statement at &
time', when required to use verbal
instead of obj

(Beard, 1969, p. 85)
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78.

=
g

=

(3 43
2. they see only a sjecial case without apprecia-
ting the nked to express a general law
(Beard, 1969, p. 85)
3. they fail to see a hidden meaning but assimil-

ate some familiar item to an experience which
they already understand or to superficial

Sinilecicy (Beard, 1969, p. 87) ‘

IS

. they experdence difficulty with providing a
meandngful definition (n...i 1969, p. 87)

m\dentlnddg of mpnlngicnl concepts 1s completed and
o such a: and sections
ard gradually eiean

(Beard, 1969, p. 88)

children begin to use some Euclidean concepts:
measures of length, area and angles can be applied
intelligently. Properties such as numbers of sides
or angles, or parallel sides of a figure can be
observed correctly
(Beard, 1969, p. 88) . =

in measuring, children of this period learn first to
use a large intermediary object and only later use a
smaller object as unit

(Beard, 1969, p. 91)

they cannot use scales or balances
(Beatd, 1969, p. 92)

. they fail to realize that volume or capacity is

conserved vhen a quantity of sand or liquid is
transferred from one container to another

(Bund. 1969, p. 92)

they do not adequately understand the concept of welght
© (Beard, 1969, p. 92)

this stage mrkl the beginning of 'Iogicomlthemuul .
thought. The child {s said to be."operational" in 8
his thinking. THe necessary logical-thaught is based
in part on the physical manipulation of objects

(Beard, 1974, p. 26)
the cdncept at conservation or invariance is a basic
characteristic of this stage ,

(Beard; 1973; p: 27)




83.

84.

86.

87.

88.

89.

90.

92

operations at the concrete level include, according to
Piaget, those of putting objects together to forn a-

class, separating a collection into subclasses, order—
ing elements in some vay, ordering events in time, and

eg o (Beard, 1974, p. 29)

2
the necessary concepts of change of position, conser—
vation, and an extemal reference system as a prelude
to measurement do not appear for miny children until

age iseven oxieight (Copeland, 1974, p. 259)

beginning at the concrete level, children are intro-
duced to place value (Copelnd, 1974)

nmeasurement in its operational form (vith:'imediate
insight rather than by trial and etror)™ is .mc achieved
until eight or eight and one-half years of

(Copeland, i P. 269)
telling time requires an intellectual construGtion not *
usdB1ly found in children until nine or ten years of age

(Copeland, 1974, p. 177)

while the adult realizes that instruments used to tell
time can mpve at different speeds to measurt The same
time, the preoperational child canmot and will not
until nine or ten years of age

(Copeland, 1974, p. 179)

the child does not understand the inclision relation
(Copeland , 1974, p. 59)
the child can classify by some property, such as color

or shape. He is partially successful but does not
realize that there is a hierarchy of classification

(Copeland, 1974, p. 55)
the. ability ty seriate or order, such as from smallest
to largest, of to count at the operational level,

that is, with true undedgfanding of the “inclusion
relations involved, develops usually at seven to eight

"“"‘,"f L my L (Copeland, 19743 p. B0)

some children will have understanding of time at eight

to nine years'of age. Others will not be ready for
true understanding’ of time at ten years of age

(Copeland, 1974} p. 176) .




. at this stage childfen begin to use words that express

» mathematical relations between two objects,| such as
"more" or ‘"less", "taller" or "shorter", "heavier" or

"lighter"

(Copeland, 1974, p. 188)

9%. the child is beconing more aware of the r latinhs that
exist between separate events

! ” (Copeland, 1974, v 2\05)

.95,

children are not ready to work at the abs ract 1;ve1
They are very much a part of the physical world

N (Copeland, 1974, p. ms)

The developmental stage 2, as set fnrthll Sclence 5/13;
represents the stage of concrete operationgl I:huughl\\ and lt‘ is the main
way n(‘ thinking for this stage (Emever et. al., 1972, p. 10). The
fellavlng are smnel of the‘characteristics for that stage, taken from
With Objectives in Mind, (of the Science 5/13 program):

96. willingness to observe objectively

97. willingness to exanine crltically the results of
| thein own and others' worl

9. preference for putting ideas to test before accept=
ng or rejecting them

99. enjoyient in devaxopmg acthods for problems o
s testing idea

100. awareness of fnternal sgructure in living and n&n—
living things |

ability to construct and use keys for identification

101.
162.

recognition of sinilar and congruent shapes
103. avareness of symaetry in shapes and structures !
104, ability o classify living things and nnn—livinp

materials in azmunc vays
105. ability to v ze ob_‘]:cts £rom differens unJles ’

and the shepe of cross-sections




106.

107.

113;

114,

120.
121,

122,

123.-

- "
ability to frame questions likely to be answered

appreciation of measurement ef division into regular
parts and repeated comparisons with a unit

can be made i

igtion that i
by usef an intermediary

development of concepts of conservation of weight,
area and volume

understanding of the speed, time, distance relation

through investigations

4 .
ability to investigate variables and to discover
effective omes

- appreciation of the need to control variables and use

controls in investigations
~

ability to choose and use either arbitrary or standard
units of measurément as appropriat@=—

ability to use 1 models for iny

problems or relationships

knowledge of sources and simple p(opertxea of comon
forms of energy

knowledge of ways to investigate and measure properties
of living things and non-living materials

skill in devising and constructing simple apparatus

ability to select relevint mfurmuon £rom books or
1

other reference materia

ability to use non-representational symbols mpxm,
charts, etc.

ability to use histograms and other simple grlplu.cnl
forns . for_commnicating data

ability to comstruct models as
observations

ans_of recording

avareness of uqu:'u:u o

avarenes, Of uzruc:uu
of living things
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he can operaté with the form of an arg.@u and
1gnore its empirical content
(Gopeland, 1974, p. 30)

13

=3

"132. he c#n’use ‘the pro‘cedums of‘ﬂxe logicfan or
scientist - a hypothetic-dedictive procedure that no
longer ties his thoughts to existing.reality

. . (Copeland; 1974, p. 30)

133. at this stage it is possible to establish any rela- *
tiona between classes bringing together elements. singly,
13 twos, thges sud oo om.

“(copeland, 1974, p. 31)

134. during this stage the child is able to establish true con-

ventional . reference systemd that enable him tocompare
and

(Cnpelﬂnd 19%, p. zm o

135. the child 1o gt ‘the abstract level 4
. . (Copelandd 1974, p. 285)
136. c_hudren‘dxscover mc "volume" ignot just the interior
by

object such as a
brick Whut l:hnr. spu:e exists in its own right whether
ogappied by the brick or not occupied by.the brick

(Copeland, 1974; p. 302)

3\.

@ition from concrete ny:ntional to formal opers

+Thel developmental stage 3, as set forth in Science 5/1

represents the\ty,
tional thought. . Formal thought is characterized by n\:nxties not

previuualy possible, u)\ich derive from the power to think nhout what,

u ‘abstract Aml not anly vhat 18 -:m.l (Ennwer et. al., 1972, p. 11). .

The following are some of the nhatnl:urinzicu (ot that 'stage, . taken
from With: Dhjectlval' in Mind, (of the Sl:ience 5/13 program)
137, recogni:mn of the need to uundnxdua measurements. 'y,

138, wilungnm to extand methods used in science activities
to other Eielda of experience




+124. awareness of the chlngas in the physical environment
. *brought about by man's activity

125. appreciation of the relatmnshxps of parts and wholes

126. appreciation-of. hw the. férm and s:ructure of materials
relate to their function and- pnpernes

127, recognition of the role of c«hnnce m mkmg medsurements
and experxmntu

c. Foma} Stage (11] - 14 or 15 ynn) 3
128, *

1297

130,

cnopencmn “with others. is nppurant at r.hxs smge. Con-
Bive mk:.ig

many v
& hew flexibility . .

1..The udoleucem‘. can nccep: nnumptmm: for the
sake of argument.

2. He.miffgsya succession of hypotheses which he
expresses 1n!propuaxtiml and proceeds to 0
test them. A [

3. He begins to look for.genetal properties “hich -
enable hin. to givé ‘exhaustive definitions; to v
state; general Jlavs and ta seé comon meanings
in proverbs or gther verbal material.,

IS

He can gg beyond; the tangible, fiatca and '
familiar"in spatial conceptBvto conceive. the

infinitely large or infinitely gmall, and to * L

invent xmgin-q system:

5. He becomes conse of his own' thinking,

reflecting on it to provMe Togical J\Istlflcatlnn
for judgements He hakes. % <

6. e develop! an ability to deal with a wide .
. ie#y of complex Telations sdch'as propor-
tions i:y and correlation: -

4 wE (Beard, 1969, pp. 98=99)

some mi ‘eptions relating to volyme
appear- to persist into ldolucen:mmﬂg a. \nnmmn ™

mumber of cMlldvey (Beard, 1969, p. 107). " _ - ,

ll\a chm can now, reason or hyyotheuhe with nynboh qr
ideas rather than needing objects in the phy world

a8 a basip for his thinking \ (Copbland, 1974, p. 30) -
i ! e

e




139. appreciation that classification criteria are arbitrary

140. ability to distinguish observations which are relevant
* to, the solution of a problem from those which are not

3 .
. ability to estimate the order of magnitude of physical
quantitiésy

-
=
b1

142, familiarfey with'relationships involving velocity,
distance, time, acceleration

143, ability to separate, exclude or combine variables in
approaching-problems .
_ ¢ 144, ability fo formulate b not upon

direct observation

145.. ability to extend reasoning beyond the actual td the
possible . : .

1

N

6. ability to distinguish a logically sound proof from
otliers less 0

147. ability'to begln to identify the csséntial steps in

approaching a problem scientifically

148. ability to design expellmen[s with effective con[rnls
for testing hypotheses

* 149, ability to construct acale models for ipvestigation and
" &0 spptectase Saplicakions of changing the scale: .

150 knwledge thet chemhl change results from mrerutiun
”

151. "knouledge .that energy aan be stored and converted in
various was

153, kngWledge that properties of matter can be explained
by’ ref:tence to its particular nature

L153. knwledg: of certain properties of heat, light, sound,
electrical, mechdnical and chemical energy

154, ability to apply relevaht knovledge without -help of
contextual cues )

155. ‘ability to select the graphical forn'most appropriate to
the lnfo;mzlon bamg recorded

7" 156, ability.to use analogies to explain scientific idess and
theorfes -




157. recognition that the ratio of volume to surface area
1s significant

158. recognition that emergy has many forms and is conserved
when 1t is changed from one form to another

159° ability to draw from observations conclusions that are
unbiased by preconception

160. willingness to accept factual evidence despite perceptual
contradictions

\
161, avareness that unstated_assumptions can affect conclusions
ravn from argument or experimental results

The identification of the of the nal

- "
- concrete 1 and formal stages of An this
manner ,, serves tQ facilitate the examination and analysis of the |
activities s‘eleckmmm the Grade Two STEM Science Program. This fé done

with the assumptions that (1) most grade two children are seven year olds,

and (2) most seven-year-olds are in the ‘later stages of pre-operational

thinking, the

“stage from p:

1
3

to

£

or

the early stage of concrete thought, such as is given in developmental

' $tage 1 of the Science 5/13 Program.

>~




CHAPTER IV s G %
Y
ANALYSIS OF -SAMPLE OF ACTIVITIES FROM X
GRADE TWO_STEM SCIENCE PROGRAM '

Introduction R

This chapter gives an analysis of each activity contained in
the selected danple faga the Gradg Two STEM Science Program. The pro-
cedure for analyzing these activities, as outlined in Chapter III, is
as follows: ’

1. a description of the activity
2. an outline of the intellectual demands in.h;rent_\

in each activity, and

3. 'an analysis of the actjvity according to Piaget's

Stages. &
4 . 1
N It will be recalled, that the pre-operational stage extends
from approximately age 2 to about 7 or '8, the cenué'u operations btage
from about. age 7 or 8 to about age 11} years, and the formal operations
stage £rom about age 114 to about ‘age 14. These thiee geagasiof devalops
ment correspond approximately to stages 1, 2 and 3 of the Science 5/13
Program. . .

o A Grade Two child who is 7.years old will generally h“
’

passed through the p 1:stage of

(or Stage 1 of
the Science 5/13 Program) but will generally not have completely attained
the col\}‘z‘en operations stage (or Stage 2 of ns the Science 5/13 l:rognm).
Normally, Grade To children will® be in a transitional stage between

51
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pre-operational and concrete operations (or between Stage 1 and Stage 2
of the Science 5/13 Program). A child in this traseitional stags can ot
be considered to be at the stage of development which wifl enable him to
handle adequately activities which are deemed suitable -for children at

_the concrete operations stage (age 7 or 8 to age 1% or Stage 2 of the
Science 5/13 Program), and pgreicularly if such activities demand
abilities beyond the cacly part of concrete operations. This point is
reinforced by Honstead writl’ng in Frost (1968) who claims that "When
the child reaches the dge of approximately nine to twelve, he'moves from
idtuitive thought into the final phase, that of the At.ui.nmenl of :
concrete operations” (p. 139). It can be inferred from this that the
average child belov nine years of age will not have completely attained
the concrete operations level of development. ’ )

_ It vill be further recalled that most Grade Two children are
seven years of age. Bearing in mind the level of difficulty of certain
activities and the range of abilities of seven-year-olds, some of whom
might well be in the early concrete operations stage for the pirpose of

l‘ctlvity analysis, two categories are established: .

1. Activities which clearly require functioning at the advanced stage

of concrete operations ot beyond will be categorized as;unsuitable

for the Grade Twq child. §
“ . »
2. which reluire at the p or .

early concrete operations s m“uu be categorized as suitable

for the Grade Two child.
= .

The activities are analyzed according to units in the text,

£rom which they vere randomly selected, there being six units in all.
° .



[ The page of the Grade Two STEM Science Textbook (Teachers' Edition)
~ . y
from which each activity is selected is noted. ALl activities are

numbered consecutively. In the analysis of each activity reference is

o . made to characteristics listed in Chapter III with the relevant number

i 2 of the’ characteristic and page location.
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Analysis of Actiyities from Unit: ISUANG THINGS

1. ACTIVITY (p. 6)

Have the children look at'the 36 séeds shown on the page. Ask:
"Are any of the seeds alike in some way?" '"Which seeds?" As the
children suggest the numbers of seeds that are alike, list their
responses gn the board.. Encourage the children to suggest titles for
each list bf seeds. Examples: "ROUND"; "BROWN"; “SMALL"; "LARGE".
After'the lists are completed, ask: VAre all the seeds alike?" and
"What is_different about the seeds?" (size, shape, color) .

-

INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to do this activity, the child is expected to “bsvrve
and examide the seeds. Using the information he receives from these
observations, the child is then to classify and compate the seeds.
The whole activity is based on the child's ability to perceive, look
for differences and similarities and, in doing so, to classify.

ANALYSTS ACCORDING TO PIAGET'S STAGES

According to Copeland (1974), at around five or six, children
make the classification by shape or color or both (Characteristic
# 26, p. 39).. Also, ome of the characteristics of the Science 5/13
Program for Stage 1 is given as being: ability to group living and
non-living things by observable attritubes (Characteristic # 48, p. 41).
Since the child s being asked to group by observable attributes such
as color, size and shape, in this activity, then the activity can be
seen as appropriate for a child at the Grade Two level.

«
. This activity can be categorized as suitable.
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2. ACTIVITY (pp. 6-7)

Distribute an acorn, a wvalnut, and 5 assorted seeds to each
small group of children. Make sure each group has the same kinds of
seeds. Have the children place each seed on a piece of centimetre-
squared graph paper. Give each child 4 chance to draw around the
squares that one of the seeds covers up. After the children have
completed enclosing the squares, have them count the number of squares

covered by each seed. Then have each s:up tell the number of squares’

covered by each seed. Write each grou responses on the board.

2
INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to carry out this activity, the child is expected to
.compare the sizes of the seeds and nuts by counting the number of
centimetre-squares each covers. The comparisons to be made will he
based on one property or variable-size.

ANALYSIS ACCORDING TO PIAGET

The characteristics which vould seem to indicate that this
activity is appropriate‘for-a.child at the Grade Two level appear in
the list of characteristics for Stage 1 of the Science 5/13 Program:

1. ability to find answers to simple problems by ~
investigation (Characteristic # 55, p. 41)

2. ability to make comparisons in terms of one
property or variable (Characteristic # 56,
p. 41) <

3. ability to use representational symbols for -
on chas stic

¥ 64, p. 42)

4. ability to vacord impressions by making models,
painting qf draving (Characteristic # 66, p. 42)

Plating the seed or nut on the squared paper and then tracing

, around it would be activities that a child at the pre operational

1eve1 could handle, his has been
. His everyday experiences would ‘help hin have the capabilities
necelaury for this activity,

Ac:a:ding to Copeland (1974), activities for counting are

1ate prior to the 1 stage 1stic
# 27, p. 39) 80 the counting involved irgthis *ugcy could be
handled by a child at the pre-operationd] level Bf development
(i.e. Grade Tvo).

This activity can be categorized as suitsble.

<

»




. ACTIVITY  (p. 12)

The photographs on these pages show different foods: a bowl of
apples, oranges, and seeded grapes; a bowl of popcorn; a bowl of nuts;
a plate of unpitted olives and small gherkinpickles; a basket of rolls
with seeds; a tossed salad of cucumbers, tomatoes, and lettuce; a
fruit salad of strawberries, bananas, and seedless grapes; and a bowl
of dates, figs, and prunes. .

Help the children identify the seeds. Take the point that most
of these foods, with the exceptiofof the seedless grapes:and lettuce,
have seeds in them.

INTELLECTUAL DEMANDS OF THE Acrlvqf

This particular activity would be carried out at the beginning
of a lesson and after the children had had a previous activity where
they h-d been involved with tasting seeds and collecting other seeds

In order to carry out this activity the children would need fo
be able to.recall their previous experiences with seeds and also
able to appreciate that things which are different may have feafires
n commos

ANALYSIS ACCORDING TO PIAGET'S STAGES

In order to identify the foods with seeds in them, the child
will, according to Beard (1969), be forming a mel\tnl image vhlch
results from the of fro ring the
child's manipulation of them. . According to Beard (1969), a child is
able to do this at the p: 1 stage ¥ 2

p. 38).

N
The characteristics which would seem to fit this activity in
Science 5/13 appear in the list for Stage 1. Thege characteristics

»

1. ability to group things consistently according to
chosen or given criteria (Characteristic # 45, p. 41)

~

ability to group living and non-living things by
observable attributes (Characteristic f 48, p. 41)

w

. appreciation that things which are different may
have features in comon ({Characteristic # 50, p. 41)

4. ability to find ansvers to simple problems by invest-
dgation -(Characteristic # 55, p. 41)

It can be assumed that a child at the Grade Two level will be
able to handle this particular activity.

This activity can be categorized as suitable. ,




4. ACTIVITY  (p. 14)

The eight small pictures at the top of these pages show:
seeds, peanuts, popcorn, olive pits, sesame seeds, banana seeds,
cucumber seeds, and date pits.

orange

Help the children identify these pictures and then answer the
questions.

*Which can you eat?

*Why?
#*Which can't you eat?
*Why?
INTELLECTUAL DEMANDS OF THE ACTIVITY !

In ofder to carry out this activity wigh the teacher's guidance
the child must know that certain things are acceptable for eating in
his particular environment and some thihgs are not.

ANALYSIS ACCORDING TO PIAGET'S STAGES L4

Beard (1969) writes that in the intuitive 'stage, there is a
development which cﬁahles children to begin to give reasons for their
beliefs an. 1y, it should not be
too difficult for the child ot the pre-operational level to name the
things which can be eaten from this list and also to tell why.

The characteristics from Science 5/13 which would seem to suggest
that this activity is appropriate for a child at Stage 1 are:

A
. ability to group things consistently according' to

chosen or givemmcriteria (Characteristic # 5, p. 41)
2. ability to group living and non-living things by
tributes istic { 48, p. 41)
3. appreciation that things which are different may have
features in common (Characteristic # 51, p. 41)

It can be asiumed that \:his activity is appropriate fu! a child
at the Grade Two leve

This activity can be ¢ategorized as suitable.
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5. ACTIVITY (p. 17)

When you are sure that the children understand the bar graph on
page 17, distribute a copy to each child. Give each group the seed “
pods and fruits. (It probably would be easiest to cut apart these
items ahead of time.)

Have eacH group determine the number of seeds in each item.
Then have each child record that number on his or her own chart.
Tell the child to use a different color crayon for each item. -

INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to do this activity a child is expected to count
seeds and be able to record his count on a bar graph by using a
different colored crayon for each item. H

ANALYSIS ACCORDING TO PIAGET'S. STAGES
According to Copeland (1974), activities for rational counting .
are appropriate prior to the concrete operational stage (Character-
istic # 27, p. 39). Consequently, the part of the activity which
involves rational counting should not be too difficult for.a hild at
the Grade Two level.

Science 5/13 lists as one of 1:5 characteristics for Stage 1,
the ability to use 1 symbols for
on charts or block graphs (Characterastic § 64, p. 42). This would,
indicate that the recording which is involved for this particular
activity can be done by children at Stage 1 (in this case Grade Two).

This activity can be categorized as Suitable.
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« ACTIVITY (p. 17)

This page shows an apple tree that is loaded with apples. The
apples are being picked and put in baskets. Now that the children
have counted the seeds in a real apple, ask them to think about the Y
questions on the page: _ 4

#How many seeds in an apple?
*How many- apples on a tree?
#How many seeds on a whole tree? — /
k them if they can think of any reasoms why not all of these
seeds will become plants?
INTELLECTUAL wl_ws OF THE ACTIVITY .

In order to carry out this activity, the child is expected to
conceive of the number of apples on a tree,. the number of seeds in
one apple and finally the number of seeds on the wholéftree. A degree
of estimatiga and multiplication is involved liere and to think of the
reasons why some seeds will not become plants requires a level of
reasoning and logic.

ANALYSIS ACCORDING TO' PIAGET'S STAGES

Froma developmental standpoint, children are able to learn
multiplication at the same time that they are able to learn addition,
approximately seven years of age (Copeland, 1974, p. 145). So they
are able at the pre-operational stage, to multiply. However, for "
this activity, the child is not being asked to carry out the mu] .

y about the quantity that would resSlt

plication, but rather to thi:
if one were to multiply.

According to Copeland *(1974), children are mot ready at the
concrete operational stage to work at the abstract level (Character-
istic # 95, p. 45). This activity becomes very abstract when the
child reaches the stage in the.activity where-he has to rely on his , -
thoughts with respect to the quantity of seeds on the tree, for the
numbers involved become too cumbersome for the child at even the
concrete operational stage to deal with.

It can be assundd, then, that this mj;r.mcy would be too

", difficilt for a child at the Grade Two leve

“This activity can be categorized as unsuigable.
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7.

pre-operational child would be xgady for that part of the acitivity:

° develcpmenc and thus Grade Two.

ACTIVITY

(p. 18)

Bring a weed such as red-root pigwood, curly duck, or gnlden—

rod to élass. Try to get a weed that has many seeds. Divide the

class into small groups. Give each group a part of the weed. Have

the children count all the seeds tHey can find. You could bring

other weeds to class. Help the children to record the number of %
seeds in each veed to find out which veed produces the most seeds. N

INTELLECTUAL DEMANDS OF THE ACTIVITY -

This activity involves comparing sets of seeds by firat
counting the ‘Beeds in each different weed 4nd then recording the
number of seeds in each weed.

to Copeland (1974) agtivities for rational couiiting
are appropriaté prior to the
istic # 27, p. 39). Therefore, the counting involved in this
activity can be done by a child at the pre-operational stage of

 The Sctence 5/13 Progran gives as one of its characteristics,
the ability to make comparisons in terms of one‘varidble (Character’is-
tic # 56, p. 41). Since thischaracteristic is in Stage 1 of the
program, it wobld follow that a child at the pre-operational stage:
would be ready to do the necedsary’comparing which s involved in mu
activity. - H i

Finally, the ‘Science 5/13‘Program lists as one “of 1ts char-
acterfstics for Stage 1, that children acquire thé ability to record _
events (Characteristic # 63, p. 42). This would indicate that the

This activity can be categorized as suitable. &5
paaiaad
\ ’,
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8. ACTIVITY (p. 19)

Take the, children outdoors after dandelions have gone to seed:.
Each child, should have a toothpick and scissors. Help the childrei
cut off a dandelion stem néar its base and below the fruiting head,
Then have them pick off ome fruit apd ‘put it into the large end of
the hollow dandelion stalk, seed firsWJIf they have difficulty,
show them how to push the fruit into the stalk with a toothpick.)
Let them blow Yhe fruit up into the air,

s
mmsc}iu DBMANDS OF THE ACTIVI? ' i ‘.
* it « In order 0 carg out this® uctivity the child is expected t‘B
use an to lear ‘about wind eurrzn(‘

‘ANALYSis ACCORDING TO PIA‘G!T'S STAGES "

The Science 5/13 hngrpn lists the iolloﬂing chnnctsnilt(cn
for Stage 13
1. .recognition of the m,mr of force (Chaucteristic

K 4 47,.p. 41) A
ability to distingiish® :eguuﬁzy in events and

_ motion (Characteristic #49, p. 41) .
3. ability to find answers to.simple pmbl 8. by
', investigation (Characteristic # 55, p. 41)

~

4. appreciation that ability tomove or cause moves .
‘ment. requtzu u\ergy (cmp-c:eruuc #61, p‘ 41)

55 # 1 att
467, p., Az) 2

e ¢ also "3%," “for this partic-
ulu activity, indicating :hu (h« activ: can’ be carried put by the
- average Grade Two. child.| . X

B This .cuﬁcy e

be categorized as suitable. @
v ¥ D
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. ACT!VXTY (p. 22) *.

" Suppose all the saeds from a plant scatter, but they don't
get planted, eaten or smashed. Are they still alive?
. * . S

INTELLECTUAL- DEMANDS OF THE ACTIVITY

This -activity requires the child co do, lbs:ruct :hl.nkxng and
reasoning. L d

ANAL‘{SIS ACCORDING .TO PIAGET'S STAGES

" since there is a lack of dn’ectlon in children's thlnkmg
the pre-operational stage (Beard, 1969, p. 58), the child at’ thi 2 s 4
level may experience. dlfflculty with the renwnmg involved .unless .
he has some prior knwledge about the l\lb)ect.. .

Accordlng to. Copelarid (1974) the. child_ .at the coricrete
operational stage’ is becoming more aware of the relations that g
. 45), but ¢
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10. ACTIVITY' (p. 24)

Have.the childrer follow the directions on page 25: "Plant
the'samk number of seedsin cups A and. B. Put one where it is cold,
like winter. Put the other one where it is warm, like summer
Water them for two weeks. Now compare. What happened to the seeds?"

The children should work in small groups. Each group should
plant two seeds in each cup, Label the cups "A" and "B". Have
them place cup A in a freezer and cup B.under a box. Put cup B in®
the warmest part of the classroom. Water the plants for two weeks.
Ask the~children to make a prediction about what will happen to the
seeds in each cup.

INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to do this activity, the child 15 expected to pradict
what will happen to the seeds in the different enviromments over.a
two-veek period. At the end Of the two-week period, the child is _
expected to infer, from what' has happened, that a seed needs watmth
as well 4s moisture in order to germinate.’

ANALYSIS ACCORDING TO PIAGET'S STAGES - . .
According to Beard (1969), childrem in thy rly stage of con-

crete operations see only a special|case withodt apPrediating the
- need 'to express a genmeral law (Chnmcter(nti # 74, p/43).

However, Science 5/13 lists as sme o

for Stage 2 (Piaget's concrete (operational

1.- knowledge of ‘sources and simple pfoperties of common
forms of energy (Characteristic # 115, p. 46)

the-chracteristics
age):

2. avareness of séquences of change in natural phenomena
(Characteristic f 122, p. 4

3. avareness of structuré-function relationships'in®parts
of living things _(Chanc:u_h:ic #.123, p. 46)

These characteristics indicate that it is possible for a child
at the concrete operational stage to carry out this activity. For if
a child 1s expected to have knowledge of sources and properties of
forms of energy nnd an awareness of sequenc®s of &\:?ge in n-mrll

of.

Faxta ot Tiving Chings? ehn L¢ ehouLd Solioe chat hedin cbie o make
ebout natural based on what he observes over a -
two-week period and also make predictions about what will happen in
the two differgnt environments before it reflly occurs. One can
une, then, that this activity vould not|be a good mtch for a
'child at the Gtude Two level. -

This luivitywun be categorized a

~ L
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11. ACTIVITY' (p. 25)

Seeds such as grains, grasses and corn do not split as do
lina beans. Instead, they are of one piece, and the esbryo has to
force its vay out of the seed. Have the class plant some of these
seeds. Then dig one up each day to see how the embryo of these
seeds manages to sprout.

INTELLECTUAL DEMANDS OF THE ACTIVITY :

order to carry out this activity children have to classify
and infer following observation.
¥l & .
ANALYSTS ACCORDING TO_PIAGET'S STAGES %
According to Beard (1969), there is a development in the pre-
operational stage which enables children to begin to give reasons
for their beliefs, and during this perind their thinking is dominated
by their perceptions (Characteristic- f B, p. 37). At later ages,
during this stage, children give more artificialist explanations and
fever magical ones (Characteristic #14, p. 38). With this level of
reasoning a child at the pre-operational.stage should be able to see,
5 through observation, that the embryo of thése seeds manages to .sprout.

© -+ some of the characteristics from Science 5/13 for Stage 1
which would seem to fit this activity are: .

1. ability to predict the effect of certain chang
through observation of similar r.lun.u (Cluxlcl:er—
- istic # 51, p. 41) —

2. ability to find answvers to-simple problems by
tavestigation (Characteristic § 55, 5 41)

3. avared wire. then oM variable may be, .
1nvolved reiculpr change (chme:m.nc N
¢ 57, p. 4L

te for a child

can be assumed that this activity is appripr:
of the Grade oo Serel,

This activity can be categorized as suitable.
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12. ACTIVITY (p. 26) ‘\

~

ey

The four pictures on the left side of this page show: a banana}
sliced on cereal, an orange cut in half to expose some seeds, a
pear cut in half.and a strawberry.

* Have the children identify these fruits and then answer the
questions.

*ihich of these seeds do people ear?
*Which do they throw aui .

Have the children name some other fruits and vegetables that
could be put in these two categories.

4

INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to carry out this acti¥ity, the child needs ngly‘ to
have had the. experience of eating ctung:s. pears, bananas and
strawberries.

In order fo recall other Erutts and vegetables which would
fit into these ‘two categories, a child needs to have had Experience
eating or seeing othtr fruits and vegetables.

ANALYSIS ACCORDING TO PIAGET'S STAGES

J The developmental level required for a child to deal adequately
with this. activity would come from his everyday experiences with eat-
ing and seeing others eat. Based on their experiences there.could .be
variations in answers.for this particular activity. Some children
may have been lled to believe that ﬂ;_];%”eed- are not to be eaten
while others Wiil believe that they 8hould be eaten because some
very important food value cones from apple seeds.

' characteristics from Science ! 5113 ‘which vould seem. to suggm,
that this activity is appropriate for a child at Stage 1 are
1. ability to gropp things consistently,according t
chosen or given criteria (Characteristic #45, o &1
+ 2. ability to group living and non-living things by
obserVable attributes. (Characteristic 748, ep. 41)
3. appreciation that things that sre differént may.have
eatures in common (Characteristic #50, p. 41) -~ -

The activity is appropriate for a child at the GrAda Two level.

This lct!vil:y can be clngcrh.ed as guitable.

e
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The pictures on the left side of this page show six fruits or
pods that have been cut open. The three arrows point to different
parts of the fruit or pod in each picture. However,in each case,
only one arrow points to the seed. The children are asked to pick
which arrow, "A", "B", or "C", points to the seed in each
numbered draving. Have the chudren identify the pictures and then
choose the arrows that point to the seeds in each.

1

i
INTELLECTUAL DEMANDS OF THE ACTIVITY

" In order to do this activity the :{ua is expected to be able
to classify by naming the arrows which indicate seeds in each
picture. Only one characteristic is involved in the classification
performed. . B %

v <
ANALYS&S ACCORDING TO PIAGET'S STAGES & .
ANALYSAS ACCORDING 10 PLAGET'S STAGES,

According to Copeland (1974) children begin to classify around
five or six years of age (Characteristic #26, p. 39). Since the
child is required to classify by naming all the seeds in these
pictures, one can assume that it will be possible for a child at the

1 stage of d to carry out this activity.
The characteristics and specific function and location of seeds
will have been known'by the child at this stage because of ths daily
experiences he will have had up to this point.

The Science 5/13%Program gives as ome of its characteristics for

Stage 1, che ability to group living and non-living things by
#48, p. 41). This, too,

" would Lndl:nte that the child at Stage 1 (the pre-operational stage)
would have very little diffi, in doing ths activity.

This activity can becategorized as suitable.
3
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.« ACTIVITY (p. 35)

For this activity each small group of children should be given:
1 apple or potato, 1 empty oatmeal box, 1 piece ofscheesecloth,
1 eyedropper, 1 dull-edged knife, a magnifying glass, 10 mealworn
larvae, 1 bottle colored nail polish, 100k.catmeal, 1 paper towel,
1 scissors, 5 :oozhpuu and some water. R

Show the children hqw to cut out the center of the oatmealslid.
The cheesecloth should be placed between the 1id and the top of the
box. 3

Put about 10 mealworm larvae and 25g of oatmeal flakes into the
box. Put a crumpled paper towel and @ slice of apple or potato on
top of the oatmeal. Molsten the towel by using an eyedropper. The
tovel will give the mealworms some dark crevices in which to hide,
the oatmeal will be used as food, and the apple owpotato slice will

provide moisture and aschange of diet.’ From time to time, put ina
fzeshly crumpled .towel, another apple slice, and some more oatmeal.
The children will be able to observe the development of mealworms
from larvae to adults.

INTELLECTUAL ‘DEMANDS OF THE ACTIVITY

In order to carry out “Fiis activity the child is expected to
be able to observe the larvae as they develop into.pupae and finally
into: adults. Children are expected merely to observe the changes
as they occur. ° .

ANALYSIS ACCORDING TO PIAGET'S STAGES

According to Beard (1969 thinking remains to a considefable
degree tied to the children's actions during the pre-operational
stage  (Characteristic #1, p. 36). The chdracteéristics for Stage 1
Science 5/13 indicate that children at this stage have a willinguess
to wait and to keep records in‘order to observe change in things
_Eharacteristic #41, p. 40). One can assume, then, that the average
child at the pre-operational stage of development will be able to
handle this activity bécause the child is nblewinl something
concrete develop.

This actblu.y can be categorized as suitable.
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‘child is

ACTIVITY (p. 36)

Let the children examine a mealworm lasva with a magnifying
glass. Ask them to describe-what it looks like and/how it moves-

Encourage the children to be curious and find out as’ much us
they can. Have them agree on a description of a "larva".

INTELLECTUAL DEMANDS OF THE ACTIVITY

This activity requlrss that the child observe and then based
on his own P of the
larva. B

ANALYSTS ACCORDING TO PIAGET'S STAGES

* According to Benrd (1969), the thinking of the pre—operatiaual
by #8,

p. 37). Since the ema 1s being asked to describe the larva in
terns of his own perception of it, the activity is appropriate for a
child at the p; r 1 stage of .

This activity can be categorized as suitable.




" . 69
16. ACTIVITY (p..41) 5 s
might vant to begin this lesson by having the class make a

chart showing animals that they remember seeing last summer.
le

EXample:  oeme Where Found - Stage Food

Summer Winter Summer Winter Summer Winter

robin
pigeon
housefly
Nt ~oney bee

Put the chart where it is readily avaflable. You may vant to
have the children illustrate the chart. Keep the chart throughout the
winter months. It can be a running account of what the children learn
through observation, reading, and accounts from other people.

Birds

INTELLECTUAL DEMANDS OF THE ACTIVITY

This activity requires that the child record specific information
as it becomes available. However, before the chart is made the child
1s ‘expected to recall prior experiences with animals.

v
ANALYSTS ACCORDING TO PIAGET'S STAGES

Science 5/13 lists as some of the charcteristics for Stage 1:
v ;

- =

. avareness of changes which take place as time passes
(Characteristic #42, )

2. ability to group living things by observable attributes
‘" (Characteristic #48, 3 41)
3. ability -to use books for supplementing ideas or Anfor-
mation (Characteristic #62, p. 42)
4. ability to tabulate information and se tables (Char-
acteristic #65, p. 42)
5. awareness of seasonal :hangeu in 1iving things '(Char-
5 acteristic #68, p. 42) 0 3

~ Since a child is expected to possess these’abilities: at:Stage 1
(Plager’s pre-operatiohal stage), chen it vould follov that the
ould b

activity, of 8.
for a ghild at the p stage of
W s o §
- “ This activity can'be categorized as sui i




17. ACTIVITY (p. 42)

Cut open some galls so the children can see what is inside
them. You also might want to put a whole gall in a cage. If you
1.do, you will need: a litre-size milk carton and the leg from an old
pair of pantyhose. Cut a large window in one side of the carton
and draw the stocking over the vhole carton. Stuff the open end
of the stocking into the open end of the milk carton. Let the

. children .observe the adult insects when they emerge.
.

—INTELLECTUAL DEMANDS OF THE ACTIVITY — — ~—

In carrying out this activity children are simply expected to
observe the insect parasites as ghey emerge from the gall.

. . ; T
'ANALYSIS ACCORDING TO PIAGET'S STAGES

The children will have something concrete to deal with in
this activity so they can rely on their
According .to Beard (1969), the child' at the pre-operational stage
-engages in operational thinking which 16 dominated by immediate
perceptions (Characteristic #8, p. 37). This level of thinking
is sufficient for carrying out this activity. Consequently, a child
at the pre-operational stage would be able to deal adequately with
the observation which is necessary in the activity.

This activity can be categorized as suitable.

~
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18. ACTIVITY (p. 43)

If you live in an area where it snoys during winter, take the
classoutdoors when there is'snow on the ground. Have them lofite
possible hibernating places, such as under tree bark, under leaves,
in the 5011 next to the sidewalk, in the soil next to the building,
and under stones.

Have the children place thermometers in or under some of these
places. Then have them check the thermometers after a while. What
is the warmest plage they can find? Have them compare the -temper-
atures of these places to the outdoor,K air temperature. What 1is the
difference in temperatures? = A

INTELLECTUAL DEMANDS OF THE ACTIVITY

* In order to dp this activity the child is expected to read the
thermometer in placés which will have different temperatures. Then
he will need to obtain the outdoor air .temperature. Using this
information he is to compare the temperatures by finding the
differences. The'whole activity is based on the child's nbuity to
perceivé, observe and then to' compare by subtraction.

ANALYSIS ACCORDING T0 PIAGET'S STAGES

According to Copeland (1974), when a child is in the concrete
operations stage he is becoming more aware of (the relations that
exist between separate events (Characteristic #94, p. 45). In this

activity the child is-expected to see a relationship between the —

differences in tempergtures and the particular locations of the
hibernating places and the outdoor air.

These characteristics from Stage 2 :of the Seience 5/13 Program seemto
suggest¥that the activity is appropriate for chiddren at-that-stage
rather than Stage.1:

1. kniovledge of sources and ‘simpleproperties of common
forus of energy (Characteristic f115, p. 46) .
i )
2. appreciation that comparisons can he made by use of an
*:emdzm (Characteristic #107, p. 46) -

4. knovledge of ways to meaaure properties of non-living
5 mtlr‘hla (Characteristic #1116, p. 46)

It can be assumed that the child at me later cwncrefE opera-
tions stage will be better able to deal with this particular
sctivity than one”who s in the p:q-ops:atlullll stag:

& )'l'hxs activity can be categor!zed as ypsuitable.




*_

7
N = &
~
The analyses, of the sample Of activities for the wnit on i i
Living Things indicated that of the 18 activities analyzed, 14 were il g
found to be sultable and 4 wsuitable. (Table 1).
' % ;
. - TABLE 1 §
Sumary of Findings for Unit an Living Things'
Unit: Livimg Things - ” :
: Findings ) .
Activity Number — .
: Suitable Unsuitable
1 X " -
2 X T
3 X .
0 L 3 ;
5 X
B K G X
T X
8
-9 . «f X 8
0. X
1 3 %
12, L. )
13, X N
T X
; = = - - .
~—«é‘ = - '
17 X A
18 g ) P
- Total : 1 ) B
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19. ‘ACTIVITY (p: 48)' ¢ s

Have the chjldren lock at the bottom picture on page 48 where
a boy is measuring the length of anewspaper withhis pencil.. Have _
three or four chiildren use their ovm pencils to measure the’same
" oBject (the top of the desk, for examplé). Make sure that all the

children do not use new pencils; some of the pencils shoulg-be well 5.

used. Then ask: Why did you get different measurements? t would
v Y + ‘happen 1f all of us lgr-ad t6 st aside one pencil and use dnly this
to-measure? .

¥ F Y o i
> 4
ImLECTUAI. n‘bmms OF ;a_z .\guvm ‘e v .

In ordér to do- :hu lctivlty"wchlld must: bo able to use
-rbunry units - of measurements ar should Blso understand that,
measurément 1s division into te‘ulur parts. That is; & child vould
need conservation of length. o3

3 i 3 4
‘ . ¥ - % ’ .

‘7 ANALYSIS ACCORDING T0 PIMH‘"E smces - .
. ‘According £6' Copeland-(1974), the mecebsary concepts of change

& of position, conservation, and an external reference system as a
prelude to measure-do not sppear for many thildren until age seven or

. +.child in Grade“Two would be able to manage the measuring involved in
s . this activity, . .

. This activity can be c-:qorg:eu as suitable.

[ v G g (cn.m:-gx.uc & u, R. 44). This indicates that the average "
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20. ACTIVITY (p. 49) . . . S g_

Have students duplicate a particular shoe cutout. All shmlld B s
duplicate the same cutout. The original cutout should have . .
"standard!" written on it, Have the children use the ''shoe" X
standard to measure some¥common items at home. .Have the students -
“draw pictures of the itemd feasured, and record their "shoe! s .
measyrements. Have students share their information in clags. <

INTELLEGTUAL nx'm.m)s OF THE ACTIVITY ) ¢ - 4

In oxder to carry out this accivicy with sufficient understand-
mg. ‘a child will need conservation of 1ength, for he is being .
asked to measure an object. ~
i * » i i

ANALYSTS ACCORDING T0 ?ygm S STAGES | . Nt _

] According: £o.one of the characteristics of Stagel of the .

Science 5/13 P:es m, hﬁdren at this stage will be ready for the . §

of length and ‘substance B

(Chatacl:erianc # 53, P u). Since conservation of length typically . *
occurs at' this stage, it tan be'assumed that this actlvlty will be

app!oprlste for.children opsm:mg at :m aget i o g
This activity can.be categorized ag suitable :
7 . )
' . o ”
g o 4, _.
< = (
@




2, ACTIVITY (p. 51) < o o

Have the children look at page 50: (a scientist measuring an
animal, a builder measuring the width of a door frame,and
tailor medswing the height of the hem ©f the dress). ' Say: Suppose
you wanted to measure spaller things, For example, you might want .
to-measuré the length of a crayon on your deskr Then you might

“want to use a ruler- shorter than a metre stick. ,Pass out centi-

. metre rulers or have the class look at the rulerg on pages 51 and
* 3Y

‘meagurements ' on the chart. .

52.— Centimetrt ers are commonly either 15 cm or 30 cm long.
Demonatrate how td-heasure objectsusing either actual centimetre g
rulers or the centimetre ruler on page 52. One end of the object
should ‘be aligned with the "zero" end of the ruler. Then display a
variety 'of small objects. Have the groups of children draw pictures
of the objects on a chart- like the one shown on theipage. Then have
the groups measure the length of the real objects and record their

P
& . P <

INTELLECTUAL DEMANDS OF THE ACTIVITY 4

In order to do this activity, children must be able o use
centimetre rulers to measure small objects and then know how to tab- *
ulate these measurements on'a chart. They must also have conserva-
tion oflength. :

ANALYSIS ACCDRDII!‘G TO _PIAGET'S STAGES

According to Copeland (1974} the necessary, concepts of thange '

" & position, copservation, and an external reference system as a

prelude to measurement\do not appear for many children yntil s
-seven or eight (Characteristic # 84, p. 44). This indicates nmt the
average child in Grade Two would be ready for'the part of the

activity which involves measuring. ,
. N L

One of the characteristics of Stage 1 of the Science 5/13 Program
indicatées that children at this level will hgve the ability to tabulate
information and use tables (CharactesRptic, ﬂ‘c » P+ 42). ' This suggests
that the part of the activity involving thbulating measurements would
be lppropriate for the Grade' Two child.

This activiy cap be cutagorlxe% as suitable.
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= \) which involves measurement would be appropriate for children in

22."seTVITY (p. 52) ’ q A

Have the children measure apd record the length and width of H
their science’ book. Each child might record his or her measurements . P
in centimetres on a large wall chart. Discuss with the children the {
extent of agreement and e accuracy of these measurements. Ask: Is
the book wider than it {s tall? What is the difference in centis
metres?

sas v .

INTELLECTUAL DEMANDS OF THE ACTIVITY ¥

Tn order to do thip aitivity the child is expetted to measure

» and‘record lengths and widths and then to find the differences in
lengths and widths by subtraction. To carry out.the measurements
invoived in this activity, a child would need conservation of
length. |

ANALYSISRACCORDING TO PIAGET'S STAGES

espect to the recording of measurements, it is possible

(e-opegational stage to perform this part of
the activity, as is Indicdted by one of the characteristics of Stage
1 of the Science 5/13 Progr ahility to tabulate inforpation and
.use tables (Characteristic ?65, ».

L Since subfraction is the lnverse of addition and addition is -
a concept that children are able to learn ‘at about'7 years of age
‘(Copeland, 1974) (Characteristic # 25, p, 39), then children at the
late pre-operational or early concrete operational gtages should,be
Teady for this p\ar: of the activity which involves dibtraction.

According to one of the characteristics of Stage .1 of t .
Science 5/13 Program, children at this stage will be ready fox the
. development of congepts.of conservation-of length and substance
(Characteristic # 53, p. 41). ' Therefore, the part of the activity

Grade Two: "

This activity can be.categorized as suitable.

: - 4 Y/ ' )
! . ’ | T
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\ 23, ACTIVITY (p. 54)° K '
g i Page 55 shows: a piece of string is put around atire, the

. string s cut and laid on she ground, and Finally thé length of the
[ 4 string is measured with a metre stick. Ask the children: vhat is
i i being measured? - Do you think the two measurements should ‘be the .
same? Ask whether anyone can suggest a wqy to measure the length oy
i © " the schoolyard usigg a bieyele.

i INTELLECTUAL DEWANDS OF THE' ACTIVITY % . ¢ i
%5 ! In order to carry out this activity a child is expeczed to go o
: from circular to linear and should, have con--

2 d E servation of length and should be able to use arbitrary or standard
{ units of measurement as appropriate. -

\In order to suggest ‘ways to measure the length of ghe.school-
yard using a bicycle, the child must also be able .to see the rela - g
tionship which exiabs becween the measuring of the tire and tha length
of the schoolyard in terms of the length of the tire.

g | s ;
¥ 2 . ANALYSTS ACCORDING TO PIAGET'S STAGES

-
A 2 According to Copeland (1974), measuremenf in its, operational
N form (i.e. *ch immediate insight rather than by trial and error)
i is not achilbed until eight or eight and one-Yalf years -of age
(Characteristic 86, p. 44). This would indi¢ate that this activity,
1 which involves moving from circular to umi measurement, would ot
H i be guitable for a child until he has reached the concrete operational
| - stage. In relation to measurement, the Science5/13 Program lists as
i characteristics of Stage.2 (the late concrete opeffjtions stage) the 4
2 4 * * following: (1) appreciation of measurement as divisién imto regular
! parts and repeated comparisons with a unit (Characteristic # 106, ~
p. 46), '(2) ability r.p choose and use either arbitrary or standard
units of riat tic # 113, p. 46),
. and (3) appreciation of the relationships of parts and wholes'
¢ % «  (characteristic f 125, p. 47)." This, toc, suggests that this partic-
i A ular ‘activity can be dealt withmore: ndeq\utely by the child at the
late concrete overations stage. (

Thie activity can be categorized as unsuitable. o [




« ACTIVITY (p. ﬁ

[ Have the children estimate how many bike wheel turns it will
tdke to cover a certain diStance. They can check- their. estimates
by putting a pilece of tape on the bicycle tire, then wheeling the
: 1 bicycle the particular distance. Count the mumber’ of times the
F * « . tape touches the ground. This tells the number of tyrns made by .
i the tire. -4 ¥ *

s

ki / INTELLECTUAL DEMANDS OF THE ACTIVITY
-

.

Tiis activity involves making estimates and then comparing

or checking,. through investigation, the estimate with the actual

distance. The concept of conservation of length is inherent in
this activity. ' “

’ ANALYSTS ACCORDING TO/PIAGET'S STAGES y \
S SR TR D o

- ‘+ According to Copeland (1974), measurement in its operational
form (i.e. with immediafe insight rather than by trial and error) ¥
' 15 not achieved until dight or eight and one-half years of age . 1
(Characteristic # 86, p. 44). This would indicate that this
activity, which involves moving from circular to linear measure-
ment, would not be suitable for a child until he'has reached the
. concrete operational stage. In relation to measurement, the Science
5/13 Program lists as characteristics of Stage 2 (the late concrete
operations stage) the following: (1) appreciation of measurement as
= . division into regular parts and repeated comparisons with a unit , - «
1 (Characteristic # 106, p. 46), (2) ability to choose and use either
! . @  erbitrary or standard units of measurements as appropriate, (Char-
acteristic # 113, p. 46), and (3) appreciation of the relationships
of parts and whdles (Characteristics, § 125, p. 47). This,. too,
X Buggests that this particular activity can be dealt with more
1 adequately by the chty at the late concrete operations stage.

a 3
- This ‘activity can be categorized as unsuitable. “
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25. ACTIVITY (p: 55) PE X
Ask the children to use some empty cans (from juice; fruit,

or vegetables) to measure distance; such as the width and lengah of

o their dess. Have them park the lip of each can and roll it one -

turn. They should measure. the distance of each turn in centimetres.

ﬂwc‘run DEMANDS OF THE ACTIVITY 2 "

Involved in-this activity is conservation of length of a com-
plicated fashion - going from circular to limear. This activity
. also involves addition skills because the student ‘is expected to

add the distances rolled in eath turn to obtain the total distance.™

o
ANALYSTS ACGORDING TO PIAGET'S STAGES - & T

o According to Copeland (1974), measurement in ité operational
form (i.e. with imediate insight rather than-bY trial and error)
is rlot achieved until eight or eight and one-hslf years of age

. (Characterisgic # 86, p.‘44). This would indfcate that this

activit; ich involves moving from circular to linear -measure-
ment, would not be ‘suitable for a child until:ht has reached the
concrete operational 'stage. 1In relation.to measurement, the Science
5/13 Prpgram lists as characteristics of Stage 2 (the late concrete
operations stage) the following: (1) appreciation of measurement as
division into regular parts and repeated comparisons with a unit
(Characteristic # 106, p: 46), (2) ability to choose and *use gither
arbitrary or standard units of measurements as appropriate, (Char-
‘acteristjc # 113, p. 46), and (3) appreciation of the relationships
of, 8 and wholes (Characteristic.# 125, p. 47). This, too,

suggests that this particular activity can be dealt with more ‘

adequately by the nhi?d at the late concrete operations stage.
This Acti}vlty can be cltu.lor!.zad as unsuitabl
. . ,
L .
. 5 ¥ e
{3 ke E —_




O TS ’Acuvm (. 56) g ’ i .

] For this aétivity you wul need: bn:mns, life savers, bottie
caps, paper clipsy other small objects, and centimetre rulergy

Ask the students to estimate which -objects will be about 1 cm.
| = "wldg ok, long. After they make their estinates, have them measure -

i
: "hrought to class,
k3

. Ty
m‘n:uscruu DEMANDS ‘OF THE ACTIVITY . *

!
. | This acti¥ty, involves making'estimates and i messuring the
g _objects to find their actual lengths.

~ o
~  ANALYSIS ACCORDING TO PIAGET'S STAGES

According to’Beard (1969), children in the concrete operations
stage begin to use some Euclidean concepts: measures of length, area
.and angles can be applied intelligently (Characteristic # 76, p. 43).

One of the characteristics of Stgge 1 of the Science 5/13
Progran which would seem to fit th ;n ity da enjaynent in
with ) e 40).,

. . ~0 . The which 1s involved
% . Iithis activity io appropriate for a child at the pre-operational,
. * early concrete operations/Stage .

d ‘ This activity can be categorized s suitable

sbjects .in the top photo on page 59 as vell as the objects you have ..

r
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& The analyses of the sample of activities for the uhit on
. Space indicated that of the 8 activities analyzed, 5 were found to be
suitable and 3 unsuitable.
% ; . Table 2 shows these results. . '
» -
‘o W% TABLE 2
‘ Summary of Findings for Unit on Space 2 &
.
Unit: Space
* . ' Findings
Activity Number
Suftable Unsuitable
19 X )
. 20 b3
o2 x /
22 X
23 . x
1 . X
. N
3 2 ik X
' Lo % - ¥ P
tal 5@ 3
¥ A .
. - »
pe w . 2 .
! H
w0 A v
. : - / ’
-t i T /




" Jongest Lt vould be n

Mheavier" or "lighter" (Character
t:

Analysis of Activities from Unit:, TIME
5 L v

ACTIVITY (p. 59) ,

Direct the children's attention to filmstrip 1 (a dripping
faucet).. Ask: (1) Is there anything in the pictures that tells
you how long it takes for each diip to happen? (2) Has anyome
seen or heard a faucef dtlpping? (3) Did it take a short time or
a long time between drips? It

* Nou have the childrea look at filmatrip 2 (a child eating).
Aski (1) What in the pictures tells you how long a time it is -
between the ahild's meals? (2) What unit of time does a clock
measure? (3) How many hours have passed between the first
picturé and the fourth picture? (l.) How many hours in a day?
(5) How many days have gone by?

Have the children look at ftlm.strip 3 (Mrr_hdny cakés with -
increasing numbers of candles on them). Ask: - (1) How long a time
between each picture? (2) How do you know?-

Then ask of the three iu‘u:ri
a short time? (2) Which take longer?

(1) Which events take only

Finally, explain that all chese events are regular because
they occur in a repeating pattern.

INTELLECTUAL DEMANDS OF THE ACTIVITY s e

1In order to carry out this activity a child must have some
concept of "short time" and "long time"; some concept of the
length of an hour and a day; ‘and some concept of the length of a
year. In order to'sequenca.the ‘time spans from shortest to
ary for a child to know how t’-.quenc‘e‘.

g .

ANALYSTIS ACCDRDIIIG T0 PIAGB’A"S STAGES ~ ~

Copeland says that at tha concrete operatiopal stage of
development children begin to use words that express mathematical
relations such as "more" or or "shorter",

dc #93, p..45). , Therefore,
@ dealt with by children af

the first part of the

<

< 4 ' . " R |
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According to Copeland (1§74), some children will have an *
! understanding of time at eight to nine years of age (Character-
istic # 92, p, 44). Therefore, it is reasonable to assume that
a child at the early concrete operational stage should be able
to vork through the.part of the activity which tequiten some con-
cept;of the length of an hour, a day, and’a year.

= The ability to sériate or order, ‘such as from smallest to
largest with true understanding of the inclusion relations
involved, develops usually at seven to eight years of age
(Copeland, 1974) (Characteristic # 91, p. 44). A child at the
early concrete operations stage would be able to do, the part of,
the activity which requires that he indicate the event which
takes the shortest.time and the one’ that takes the longest ‘time.

This activity can be categorized as suitable

. g0 & Sw -
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28. ACTIVITY (p. 60) =

3

' Call on children to tap out or act out the repetitive
pattern of the events pictured on page 60 (a.child swinging, a
man rocking, a police car with.siren, a clock ticking, people
clapping, a dog barking). Which events are regulai? Which are’

‘ mot? Have them support their idgntification of the events as
* regular or irregular in terms of a rule; "If the sounds or
steps in an event are equally spacad, the event 1is a. regularky
occurring one"
; »

.INTEU.BCTUAL DEMANDS OF THE ACTIVITY . g » .

In order to carry out this activity a éhild must be Jable to
recognize régularity in patterns after the terms “regular" and
"irregular" are explained by means of the given rile.

ANALYSIS ACCORDING TO PIAGET'S STAGES

. One of the characteristics of Stage 1 of the-Science 5/13 Pro-
gram is: recognition of regularity in patterns (Characteristic f# 44,
p. 41). "Since it is expected that a chi]d at: the pre-operational
stage will be able to recqgnize regularity in.patterns,.then this
activity s*d be 6uitable for.a child at the pre-operational
stage. . . . )

This activity can-be categorized as suitable.

~




29,

ACTIVITY (p, 62) - 4

Call on groups of children to use the room clock to time the
activities on page 62. You will need some rubber balls, some
Jump ropes, some cups, and water. Ask the childremwto find out
how many times they can do these activities in one mimute.

N - Wt X
INTELLECTUAL .DEMANDS OF THE ACTIVITY - =

'In order to do this activity a child must be able to determine
a minute by using a clock, He must watch the clock while at the
same time watching the particular activity that is going on,
whether it be drinking a glass of water or bowncing a ball.

g ) " ’

ANALYSIS ACCORDING TO PIAGET'S STAGES

.
According to Copeland (1974), whilehe adult realizes that
instruments used to tell time can move at différent speeds to
measure the same.time, the pre-operational child cannot and most
children will not until nine to ten years of age (Characteristic
788, p. 44). This would mean, that until a child reachés these
ages he may. have difficulties with timing these events using a

.clock. ' Consequently, it can be assumed that a child would not be

ready for this activity until the late foncrete opergtional stage,
which would be'approximately the Grade -Five level for.most -
children. . 3

This activity can be categorized as unsuitable. ,




i
i
|
|
i
|
|
i

30. ACTIVITY (p. 65) .

=
Have the children set up model pendulums as shown on page 65

(using a metal nut and a string and a book to hold the string).

Attach a small object to one end of a 90 cm length string

inside a book, leavipg 50 cm to hang.. When the book is placed on

a desk with ohe sid€ extending over the edge, the pendulum will ¥

swing free. .

Each ‘group will need a timer, and a person to start the
pendulum swinging. Have a child in each group start the pendulum.
Using the clock with a second hand, have the rest of ‘the group

. count the number of swings fn 10 seconds. Remind :h= class that
a swing 1s one complete back-and-forth motion.

Yow tell each group to shotten the string on theif pendulum
by pulling the string back through the book. How'many swings does
it make in 10 seconds? i s

Finally, have the children un.mn the stying to about 70 cm.
How many swings does the pendulum make in 10 seconds?

. INTELLECTUAL DEMANDS OF THE ACTIVITY ¢

For this activity there may be a need to control variables,
such as rate of walking around the room and parjicular paths chosen.
The child will also need to be quite capable with measurements in
order to vary the length of the ‘tlw to the activity more
meaningf

ANALYSTS ACCORDING, STAGES
- Since there may be a need to control certain variables fof
this activity, it may not be possible to make the activity
meaningful in this respect until late concrete operations stage
or early formal operations stage. Science 5/13
" the charactegistics of Stage 3 of the program the buuy to
separate, exclude or. combine variables in:approaching problems
(Characteristic.{ TM. P. 49). This would indicate that there
might be potentially serious difficulty h\hnunt in this tctlvir.y




87

In céras of messureméat, Copeland (1974) ‘says that the ability

. :o measure in its operational form (with immediate insight rather

e . .than by trial and error) is not -achieved until eight or eight and
“_one-half years of age (Characteristic # 86, p. 44). This part of .

the activity would be mn:lhle for a chud t- the concrete opera-

tions stage.

In conclusion, this activity vould be more suiteble for a
child at-the late concrete or early formal operations stages, and,
\  therefore, oo difficult for ti Grade Tvo child.




31w ACTIVITY (p. 67) % . L ke 4
s~ ¥

. ~actetistic # 111, p. 46): Not until'Stage 3 (

. Invite ‘the children to vary the string lengthof their
intervals at each 1en3:h.
B

INTBLLELTUAL DMNBS OF THE ACTIVITY"

‘i For this activity there may‘be a nnad to contxol vlri‘bles

such as rate of walking around ‘tfie room and particular paths chosen...
“ Control of variables requires quite advanted. formal- thought'
according to Plaget's' stages of development.

ANALYSIS ACCORDING T0 PIAGET'S STAGES Tl E 3
.

There may be a nded to’ control certaih variablés for this
activity. Com;eqnently, it may not be possible.to make. the 2
activity meaningful’for ‘stidents at'the pre-operational level.
One of the characteristics of Stage 2-of Sclence 5/13 is:: abilit
to investigate vlthblas and to didcover ‘effective ones. (CHar-

ormal’ operations)y
.does the child hlve the ‘ability to separate,’ exclude or.conibine:
49)

There 1is yolentlllly ricus difficulty in
for the child at the pre-operational stage.

entdn this adtivi

SR

This activily can be. atégofized as unsuil : LI X




. n. sy o6 . - o) e

.y ¥ ¥ 5 Set up two ome-hour activities. One activity could be'a
e < reading or math lébson. The other activity should be ene the
g . - children really-enjoy. (Perhaps you could geggpermission to
s X let then expand their noofi play time to_an hml:.) Time both .

activities with am"alarm clock or &n hour at tic timér. i,u

a ¥ -~ the children see | :hn time before. and lh:n' each attivity. Then

1A asks g e

s N /

tine pass more q\lick.ly ox ‘slokly or does it Just’

that .vay?

* INTELLECTUAL DEMANDS OF THE Amnﬂn

‘ In order 'to do thle u:mqvche child 1q expected to
. : . coordinate dur £ tize with order of events, in order to

deternine whethpy time passes more quickly,or mqre slowly for
different events §nd to determine whether oaé hour can be of
i different lengths,

- . Acl:onlin( to Copeland (1974), "1t 15 not wneil e_xgh: and one=
half to nine years that dren are able to-coordinate durations

of tlme with the order of events (Characteristic #28, p. 39). It

% can be assumed that thislactivityl] be more suitable for the

- child at the mur-n operational btage of develdpment. Also,

5, iuplllnd -(1974) says, that some children will have an understanding

eight z,: wde ygars of pge.’ Others will mot be ready
undes mnding \of ime ‘at ten ynu of.-.e (Characteristic

A}
{ con ANALYSTS ING TO PIAGET": s‘ru:ss
1
{




. T =m  INTELLECTUAL DEMANDS OF THE ACTIVITY" .
In order to.carry out this activity in a munlngful vay, a
;3 child'must have some concept of wha an hour is.
| L e i
e < N

ACTIVITY (p. b9) -,

~ Encourage childrenyto find néwspaper afid m'ug.uml; pletires
of events that Gan be tided in hours. . Have then display theix
pictures on a bulletid board. ]

we - x :
4 ANALYSTS ACCORDING TO PIAGET'S STAGES ~

e
The gollecting of pictures gives children an opporcurit:y\:q
~ % work with the concrete: and this .part of the ‘activity should hold .
interest for the child at the pre-operational level.

.. Hovevel, for children to evén ¢stimate the length ¢ of tine it
, takes for ‘a particulat event, it is necessary that they have some
concept of duration of time. According to Copeland (1974), it is o
“not until gight and one-half to fiine years that they are able to ‘
coordinate durations with the order of events (Characteristic #28,
. 39). Copeland (1974) says that telling time requires ai
intellectual construction not usually found in children until nine
or ten years of | sg. (Characteristic #87,-p. 44). Consequently,
. this activity would | bs\ore suitable for a child at the mid to late |
. concrete tage of and, , not % . i
suttable-£oy Grade z e S X i
i

S N
This activity can be categorizad as unsuitable.
G




|
|
i
|
|
i
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ACTIVITY (p: 76) )

Ask the ‘children to make their own clocks.
paper plates, pencils, two colors of oaktag for hands, brass g .

fasteners, sciagorn, snd cfejuns

Theyggwill need:

Show the children a model clock face th-l! you have wade, and t
demonstrate how they can make oe. Cut hands £rom colored oaktag, i

using one color for 'the minute and hour.hands, the other for the
“second hand. -(fake a few, patterns and.have the children trace them.) :

Plerce the center of fhe plate and one.end of each-hand with the .
sharp®end of a pencil.  “Attach the hands fo the plate with a brass i

fastener bo they rotate separately.

.using the diagram on page 76 as.a model.

) |

Have the children mark the hour nometulu on the clock face, ; <
‘ ]

i

1

|

|

INTELLECTUAL DEMANDS OF THE ACTIVITY - °

“In'order to carty out this activity, a child must be able to
follow onl directions in making a bodel of a.clock.:

ANALYSTS ACCORDING TO PIAGET'S STAGES

g ~ .
According to one of the characteristics of Stage I  fn Science- «

5/13 children at this stage will be able: to record impressions by

making models, painting or drawing (Characteristic § 66, p. 42).

The ability to gake models is essential foy working through this

activity. Thexrgfore, a child at the pre-operational stage (Stage 1)

will be ready to deal adequately with this particular activity.

_This activity can bé categorized as suitablé.




35. ACTVITE (p. 77) - .

Have the children ‘..kg sobe flash cards for tell!n; ﬂ.le
They will need: index urdl and llrkh‘ pens.

ve some children’ drn a clock, face on each eird, Each f: ce/
should show a different time. The cards can be'uspd for - u-p
telling games: %

mzwzmu nﬂﬁs OF THE ACTIVITY ! 3

m ordef. to carry out this -ctivl:y, ‘a child mast be able to -
make models of clocks, indicate ‘different tines using the short
\and, Long hands. |

ANM.YSIS ACCORDING TO PIAGET' S STAGES \

.

One of the characteristics of Stage 1 n the Sctence sln
Program {s the ability to.record impressions by making .models,
painting ‘or draving (Charactggistic # 66, p. 42). Therefore, the
mechanics involved in this particular activity would not be too
difficult for the child at the pl!—vpsrltlo\nl stage. Meaningful
indications of different times, howeve: d bé more easily
handled by a child at the concrete npanuc\ul stage because
according to Copeland (1974), telling time requires an intellectual
construction not usually found in children until nile or tem years
of age (Characteristic # 87, p. 44). Therefore, it can be assumed
that this activity vould be more suitable for a child at the later
concrete operations stage.

\
This activity can be categorized as unsuitable. l

K




Y : : : =
36. ACTIVITY (p. 78) v # . |

3 On a piece of paper, have the children draw arcs, or shade in
(Ex - pie‘séctions, that show how far the hour hand and the minute hand 8
. have moved for each pair of clock faces. Call on some children to

“ ' draw théde on the chalkboard as gscheck fof the u:. What are
g What

. some activities that take place 4t the times ind
\ activities do the children know that take place dt
. intervals shown

=y Kl

5 i
the time 5 ;
- INTELLECTUAL DEMANDS OF THE AGTTVITY © !

2 i,
. . 1In order to carry out this activity, a ¢hild must be able to .
identify the- shapes .of the sections which would: be indicated by
p the positions of the hands. They also must be familiar enough
\ . with tine intervals to'be able to suggest activities vhich would
g hnblcually occur at those specific times. - .

. ] . 1 R
ANALYSIS ACCORDING TO PIAGET'S STAGES i

& : . According to Beard (1969); children at the pre-dperational
stage have the ability to represent oné thing by another (Character-
istic # 1, p. 36). *At the concrete operations stage Beard (1969% -

! . writés, children begin to use some Euclidean concepls such at L

Y i | measures of sangles, whicli can; at this stage be applied intelligéntly %

| . (Characteristic #76, p. 43). The part of the activity which invdflves

_ ‘drawing the arcs and shading in pie sections can be done by children
i N \ at the early concrete operational stage. v
i ’
g e 5 According to Copeland (1971‘), some children will have an
. * understanding of time at eight to nine-years of age. Others will not
be ready for true understanding of time at ten years of age
(Characteristic # 92, p. 44). -The part of the activity which i
involves time intervals will be beyond the’ cafabilities of_ the pre-
\ : operational, early concrete operations child.

This activity can be categorized as unsuitable. - .
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. Analysis of Activities from Unit: 'ENERGY

* 37, ACTIVITY (p. 83) M ( . ) ' LR RS

Have the ¢hildr, imple-water wheels tfiat will turn *

. under a faucet. 'Let them'design and create their bwn, using

. ' /~ such things as corks, cans, gilk fartons, paper or plastic cups, . |
pieces of ‘aluminum pans,.rubber bands, nails and thumbtacks. + |\,

. In order th do what
1s eéxpected to be
motion.

the child 0
energy and -

s involved in|this activity,
of inferring th link betwed

e 3 . . . . \ T o
° : \ »
- * ANALYSIS v\ccolwmt: 0 PIAGET'S‘ STAGES £

« " one of the chanc:erum:s of Stage 1'in the Science 5/13 * .5,
Program states that children at this stage will have a recognition e

. of the action of force (Characteristic f.47, p, 41). * If a child,
.. at this stage can-recognize that force can cause action, them he - &
should be capable of dealing appropriately with this activiey.

2 i
: This activity can be.categorized as suitable.

-




i \ . 38, ACTIVITY (p. ss)
) . Take the children for a walk to look on work being done.
v . When somecne identifies a situation in which work is being done,
- o ask: ‘(1) Who or what is doing the wprk?
woy w¥ (2) How can you tell that work is bein‘ doné?
- (3) Where does the energy come from?
(4) Is this’ vutk useful?

b ' INTELLECTUAL DEMANDS op'm'Ac:uvxn

. This activity expects the chikd to'relate two abstract
" concepts - vork and emergy. - 3

/ 'ANALYSIS' ACCORDING To PIAGET'S STAGES L

According to Cnp,hnd (1974), children operating at the
formal operations stage will be at the abstract level in their
v o thinking (Characteristic #135, p. 48). This suggests that a child
at this level®will be.ready for the reasoning and understanding
i involved in establishing a link between work and enmergy.
. . .
1In this,particular activity, even though energy is expended,
no vork (in the phynll:ll sense) is done. This bécomes very
‘ misleading. :

This uqtivity can be’ categorized as unsuitable.
- '




et

R

3

k3

ACTIVITY  (p. 89) _

You may wish to brlng in 2nd demnun:e a "jgt—pn:pelled"

balloon, a wind-up clock, and a battery-operated toy, The chil-
dren could try operating these tiings. They can bring in and
show still other devices which store energy.

INTELLECTUAL DEMANDS' OF THE Acnvm

The concept of stored ene:l;y 15 an-abstract one which the'

child must understand on a very basic level in order to cafry out -

this'activity with sufficient understanding of which devices have

stored energy. The first ‘part of the activity iavolves observing™

cerr_aﬁx devices aparucmg. ! "

6 |

ANALYSTS' ACCORDING TO PIAGET'S STAGES - :
S S e e

One) of the characteristics of Sragé 1 dn the Science 5/13
Program states that children at this stage will have an apprecia-
tion that lhlllty to move or cause movement requlres ener; y -
(Characteristic #:61,%p. 41): 3

This auggeam that, this piruculn activity is app:opriue,‘
for a child at the Grade’ Two leve

by e Y
This activity can be c!r_e%orize(l,mi suitable.




40. ACTIVITY (p. 90) ' 4
- Each small group should have: one wind-up toy car, one box

of crayons, ome paper chart, and one metric. ruler. Have the children
* measure the distance traveled by their car each time. They may
- use metre sticks or metric tape measures. The distances chn be i
stated siuply in metres (e.g., 5 m) or in centimetres (e.g., 543 i
- em).*

ol . Each child in the group should have a respomsibility:’ cn . i
turn the key, to count the turns, ito measure the distance moved, "

< g " to:fecord the distance, etc. . .
1 oo |
| Let the children do this anr_ivlr.y at first j\lst iur fun, and “%
e later cumpnre un:oxdi of elch trial run. \ )

. Have the childxen predict how’ far the car wiu 8o -nfter its
spring has been given a certain number of turns, and then check

their'predictions. Ask: (1) How can you tell how much energy is K
stored? (2) How can you predict how far the car will move? * ' ) i

INTELLECTBYL DEMANDS OF THE ACTIVITY 8 »

; In oRer po-earry out this activity, a child is expected to
- be able to megsure the distances the car travels id either metres
o or cenﬁmetre? vhile being vare of the mumber of iy L2 takes
: for He needs £ length. Then
he must be able to compare the records of the te1al Tuns.
= . ! Based on Uhgir records they are to p:edic: How far the car
W11l go with a certain number of turns. Finally, he is’to ansver
questions about what he hag learned through these observations.

¢ - AIIALYSIS ACCORDING TO PIAGET'S STAGE:

IR 3 According to Copeland (1974), the ability to measure in its ©
: operational form (vith immediate insight rather than by trial and

error) is achieved by eight or eight and one-half years of age .
(Characteristic # 86, p. 44)." The part of the activity which
involves measuring can be handled by a child af the concrete
operations stage. : >
. .




.
F & 99
o= " According fo.one of the characteristics of Stage 1 of the s w
,Sclence 5/13 Program, children at this stdge will be ready for
! ?the development of the concept of conservation of length (Char-
acteristic # 53, p. 41).
This activity can be categorized as suitable. '
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“81. ACTIVITE (p. 92)

Have the children‘draw 4 spiral on stiff paper, cut it ourd
and hang 1t on ‘a thread above a heat source.. Then .have the chil-
dren compare the @otiom of the pinwheel and/or spiral with that of
?m-. Ask the children: How does heat make these

7

INTELLECTUAL DEMANDS OF.TEE ACTIVITY o
HLEALATIN, DT OF TOE AC LY, .

To do this activity the chilits axpecr.:d to make a spfral
following the instructions give). Then he {s to compare the.
sotions of the apiral, pindheelfy and candle chines and relate heat
o mu,un. *

’
the Science 5/13 Progfam is able to

# 121, p.. 46). \ Therefore, the _‘m.:mcum of the spiral can be
* done by a child at ;h.-: level

. Through simple ohummm a child at this stage will be able
t5 compare the motions. > .

% to oné of the chuuurnuu ck’ Stage 2 in the -
Science 5/13 Plogram, a ¢hild at this stage will ke ablé to deter-
mine how the heat makes thihgs move beefuse it states that :hullren
at this scage will have imowledge of the sources and &
properties df comon forms of energy (Characteristic # s, TR
- In ‘conclusion, this activity appears.to be more -yprupruu
}ﬁu operating at Stage 2 df the Science 5/13 Progr:

te concrete operations stage).

for a
(1.e.

This activity can-be categorized as unsuitable:

&nsuitable;




* INTELLECTURL, DEMANDS, OF THE ACTIVITY ‘,

| ANALYSTS ACCORDING TO PIAGET'S STAGES

. .
N o . \ 101
3 = B
42, ACTIVITY (p. 93) g o=t e
Have the children pop some popcorn.: hrplain to then that’in
the, kernels theré are tiny pockets of water which are tuzned'inr.a\ i
steam. The steam expands and bursts the kernels open. This i:
\whn\: makes  the kernels move about. &

Try to set hildran to relgte this ldea to stean engines,
A

Tn-this activity the children are expected. £o observe the -

., ‘popcorn popping and then. to infer .from
the steam engine works. Theymuat. Telate heat 'to energy to motion,

P e R e Y

a

According to-Beard (1969), the child at the concrete operations
stage is said to be operational in his thinking. The necessary .
Logical thought is bfbed fn part on the physical manipulation of
objects (Characteristic #81; p. 43). ,Copeland .(1974) writes that

- the child at this level 1s;becoming more aware of the Telations fhat .

exist between separate events (Charagteristic #94, p. 45): This
suggests that a child at the concrete operations, stage will be
capable of dealing with this activity vhich tnyolves meking .
inferences based on. observation,

Relatin'g h;.: to energy to, ma:{un, however, involves some véry
complex relations and. the reafoning hwnly!d would be on an nbstt.!:t

levet, i ,

According to Copeland (1974), children dperatfng at the formal® .

operations stage will be at the:abstract level.in their thinking ..
(Characteristic 135, p. 48): - The reasoning involved in felating .
heat to energy to motion. would be fore npproprilke for children.
at the fornal operations stage. . F

0}5 activity can be utegorlzsd as unsuigue.

- thi} observation how. .
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Kt 43% ACTIVITY Gp.” 54) S

- 3 I Each smeu group of chndren will need® one eye-dropper, one
Az .. squeeze bottle of £ood toloring, a hot plate for thé whole class,
s a agoking pan for the whole class, one plastic straw per group,
four alear plastic tumblers per group, and some water. P

.. “There are two parts to this-activity - one in which water is
moved by atirring, and -the other in whichs \{t'is moved by heating. ° « 20 5

3 . " In addition, in each part a comparablé_samplarof water has.. A |
5 ' nothing done with it. These pairs of situations - alike in all - P

F . ways rexn:epr. one - me fair tumparisons peuibfe. R !
| 1 W . . i
i 5 . ¢ i

* o . IMBLLZC[UAL Dmmis OF THE. ACTIVITY

- In mder to darry‘out this activity, the child, is expected
to relate motiop®causad by pushing directly on a substance to «
motdon .caised by fheating, In both.cases, the contept is to.be

i ¥ " . developed that heaf may cause pushes; and thus make things move.:

. p § . ** ANALYSIS ACCORDING TO PIAGET'S STAGES - L . £ . ]

4 In this activity children get' to work at-the Gorcrete levél .

. L& in’ the sense that there is something available for them to see
Fat : and manipulate. °According to Copeland (1974), ¢hildren at the
{ concrete operational stage are not.ready to work at the abstract s
: - level but are very much'd part of the physical world (Churacterlutic " " -
» . # 95, p. 45). .Cdpeland (1974) also writes that at the concrete “¢ o
I % ¥ operational stage the child:is becoming more aware of the relations, k
o : . that exfst between separate events' (Characteristic # 94, p. 45). .
o - o Tt this particular activity the events would be the,moving of the : ¥
i ' " water through stirring and the moving of the water: through heating. '

i o = T E The. Science' 5/13 characteristic which would Seem to fit this |
B ’ activity appears in.the list for Stage 2: Knowledge of sources and
+ . simple properties of comon forms of energy (Characteristic f 115,
p.. 46).

S
[ can be nsaumed ﬂlat thia activity would be suitablz for: L% &
children at the lgte t 1 stag of (or o
‘Stage 2 of [he ScZem:e 5/13 Program).. g

. This activlr.y can be clr.egnxizad nmunsuitnhle. o




PR

66 ACTIV!T‘{ (p. 95)

Have thd chxldxen vateh the hquxd move inside an ordinary
. “Place_the warm or cool place, or ™
i’ warn vater or ice water. Ask_ ke dhi195en how & thecasmster
works, They might also.cbsetve the movement of the pointer of a
dial%type thernometer if one is available.. Both kinds of ther-
 momegers depend on heat causing. things to movay

DlTZLléUAL DEMANDS OF THE ACTIVITY

In-drder to do this activity the child is expected to read

the :t.&momzer in a cool, pldce and a warm place and note the |

Using that i e 1! to
The: whole acnvuy is based on the

!
i infer how a’ thermometer works.

N . nlan.cmahl.p -

AALYSTS ACCORDING‘ 0 PIAGET'S STAGES -

< According to Gopeland (1974).a child in the concrete opera-
’ ’ ] tions stage is becoming more avare of the relations that ensc
- beween separdte e.vem:l (chu.ccensuc # 9%, p. 45).

the Science $/13 Progran appears in the list for Stage 1: R

Avnranan of cause - effect relltl%\lhlps
(Characteristic A 67, p. 42)

an-be assumed that the' child at 'the Grade Tmz level will
. cnmhlu ot handling thifggeciviey.
) o

This activity can be categorized a suitablel -

~ child's ability to perceive, obi8rve and infet a cause and effect . -

. . characteristic vhich-would ‘sees to £itsthis activity fn: -




]
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45. ACTIVITY (p.’ 96), 2 .
| Have the children draw pictures or make up stories to
+illustrate their ideas of how we get energy from the sun.

.

INTELRECTUAL DEMANDS OF THE ACTIVITY

In order to do this attivity, a child must have some contept
of energy and how energy from the sun makes plants grow and-how
plants are entan by peo‘p e. N K .

. - ' ~ .
ANALYSTS KCCUilDING TO PIAGET'S STAGES L .

“According to’Copeland (1974), the child 1# becoming more
avare of the relations that exist betueen separate events, at the
concrete operations level (Characteristic %5 e 43)

One.of the chsrncterisrlcs of Stage 2 in the’Science 5/13 v
Prograu states that a child at .this stage will have knowledge of
sources and sifiple properties of comfion forms of energy (Chu'actcr—
istic # 115,'p. 46). .

One con dssume, then, that this activity iy appropriate for
a child who iy operating at the late concrete operations stage or '
Stage 2 of the Science 5/13 ‘Program. .

This activity can be categorized as unsuitable.




fl
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. .
ACTIVITY (p.:97) % 2

Build &.small fire of branches and twigs outdoors. .Surround
it with rocks or build it inside a large can. Have the children o
roast some marshmallows or pop some popcorn over the fire. Have
them observe what is happening. Ask: (1) t makes the
marshmailows cook (or the popcorn move)? (2) Where does the heat
come from? (3) Where does the wood get its zn:ri)ﬂ

s~ : 3
INTELLECTUAL DEMANDS OF THE ACTIVITY
In this*activity the child is expected to trace the energy

link from the sun, to a plece of wood, to the heat the wood
produces whet it is burned. :

. \ . F
ANALYSTS ACCORDING TO PIAGET'S STAGES

. According to one of the objectives in Stage 1 of the Sclenca
'5/13 Program,a child At this atage should be veady for partlof
this activity. The objective states that at this stage there should
be an avareness of sources of heat, light and electricity | I
(churactpﬂsne #60, p. 41). This suggests that the part of [the :
activity which involves determining where the heat comes from would
be appropriate for a child at Stage l. |
|
The chain of inference involved in this activity fequires
formal thought and according to ome of the objectives for Stage
of the Science 5/13 Program, children at this stage of developmnt
will have the ability to use analogies to explain slentitic idess
and theories (Chntm:r.eris:lc 1156, p. 49).
According to~Copalg& (1974), children operating at the formal
operations 'stage will be ready for abstract thinking (Characteristic
1135, p. 48).

Since this level of thinking and reasoning is cgpgmlalsfor
this activity, it can be assumed that the activity is more
appropriate for a'child at the formal operations stage.

. This activity can be categorized as unsuitable.
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47. ACTIVITY (p. 98) .

This activity is to be done by small groups of children.

Each group will meed: 2 books, 1 can opemer, 3 large coffee cans,
1 jar of black paint, 1 paint-brush, 1 plece of construction paper,
1 jar of glue, 1 straight pin, 'l pair of gcissors, 1 roll of
masking tape, and 1 piece of thin wire (20 ¢m). Have the chdldren
read the text and look at the steps of th!: activity- on pagés 98-99.
Go through the stepn together. - (1) Get 3 painted cans) all
alike. (2) Cut out the bottoms of the cans, (3) Tape the cans
together end to Sl (4) Stand.the cans on two books in the sunshine.
(5) Get a piece of thin wire (such as twist wire for a plastic bag).
(6) Tape a pin to one gnd of the vire. (7) Tape the wire to the top
of the can,

é - ;

To make the pinwheel, fold altgrnating.corners to the center
of the paper, as shoyn on page 99. It may be helpful to make a
slight dent at the c’g\:er of the pinwheel with a penéil point.
This will keep the pinwheel from slipping off the pin point.

\ 5

Allow the children time to watch their sun motors work. After
they have had some time to'do this, ask: (1) How could you make
this motor turn on a cloudy day? Let the children test their ideass

W¢gnd perhaps even have a contest to see wiich ideas are best.
2 B s

INTELLECTUAL DEMANDS OF THE ACTIVITY

To do ,this activity the child is expected to make a model of

a sun motor by following the instructions available to him and the
teu'chex's guidance, Then aftér he sees how his model works, he is

expected to be able to infer how it could wnrk under different ‘
weather conditions.
s "

ANALYSIS ACCORDING TO PIAGET'S STAGES,

The construction of the model would hot be too difficult for
the child at the concrete operational stage. One of the character—
istis in Stage 2 of the Science 5/13 Program seems to suggest that
this is so is: skill in devising and constructing simple apparatus '
(Charactertftic # 117, p. Aa)




According to Copeland (1974), the child at the concrete
. + operational stage is becoming more aware of the relations that
J exist between separate events (Characteristic # 9, p. 45).
Therefore, it can be assumed that a child at this stage will be
e ¥ W able to see the relarionship that exists between the sun motor
and the sun and may also be able to make inferences about What
one would need on a ¢loudy day to give the same result.

However, some of the characteristics in Stage 3 (formal .
operations) of the Science 5/13 Program wiich might suggest that
the child is more ready for making fnferences at the formal opera-
tions stage are:. (1) ability to separate, exclude or combine
wariables in problems # 143, p. 49)
(2) ability to formulat upon direct: .
observation (Characteristic # 144, p. 1.9) -

This activity can be' categorized as uisuitable.
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48.

ACTIVITY (p. 99)

Have the children draw pictures that show how emergy from the
sun is used. These might depfct trees or other plants growing,
people or animals eating plants, wood being burned, water being
evaporated from a puddle or lake 4n sunshine, etc. Some children
might show recently developed ways of using energy from the sun
directly, as in solar-heated houses.

INTELLECTUAL DEMANDS 'OF THENACI'IVITY

In order to carry out this activity, a child must have .
acquired some concept of what emergy is, and what energy from the
sun can do. In this activity the c¢hild will need to take an -
abstract concept and then draw pictures representing how the
e‘lergy 18 used. ° B

o
ANALYSTS ACCORDING TO PIAGET'S STAGES

One of the characteristics of Stage 1 in the Science 5/13
Program states that children at this stage will have an avareness
of sources of heat, and 1light # 60,
p. 41). Since this actidicyglivolves the sun as a source of heat
and 1ight, then'it should be possible for a child at Stage 1 to
handle this aspect of the activity. t.

- The part of the activity which involves drawige pictures
should be suitable for children at Stage 1. A characteristic for
Stage 1 in the Science 5/13 Program which is an indication of this
ability is: ability to record impressions by making models, paint-
ing or drawing (Characteristic #,66, p. 42). .

In conclusion, this activity is appropriate for children at
Stage 1. :

This activity can be categorized a able,
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Energy Aridicated that of the 12 acmums analyZzed, 5 were found to

be suitable and 7 unauitable.

Table 4 shows these’results.
TABLE 4,

Summary of Findings for Unit on Energy

Unit:

Energy . S . /

- : Findings -
Activity Number ' - -
Suitable | Unsuitable
37 X
38. .
" X
40 x i
. ! —)
X S
=)
A
¥ -
X
Total 5

|
i
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Analysis of Activities from Unit: MATTER o5

49. ACTIVITY (p. 106)

™ ¥or this activity you will need: a large table divided into
three sections with masking tape; an assortment of objects that .
include solids, liquids and gases; three pieces of paper; and
some crayons. Label one piece of paper "SOLIDS", another "LIQUIDS"
and a third "GASES". Put each plece of paper on ome section of
the table. <

. Have each child select an object from the classroom and
bring it to the table. Let the children place their objects in the
correct section. ; .

INTELLECTUAL DEMANDS OF THE ACTIVITY °

s In order for a child to do this activity, he will need to
have established the concept of solids, 11quids and gases and be
able to classify objects as being solids, or contaiging liquids
or gases.

# 3
~
ANALYSTS ACCORDING TO PIAGET'S STAGES

According to Copeland (1974), at around age five or six
children make classifications by shape or color or both - (Char-
acteristic # 26, p. 39). This suggests that the classifying to be
done in this activity can be handled by a child at the pre-
operational stage of development. .

According to Beard (1969), the concrete operations stage marks
the beginning of logico-mathematical thought. The necessary logical
thought is based in part on the physical manipulation of object
(Characterigtic # B1, p. 43). This indicates that children at this
level (the early concrete operations stage) will be ready to work
with the classification of solids, 1iquids and gases ¢n this level
‘because they will be dealing with concrete examples of solids,
11quids and gases.

L S oA s terednad i BuAt




50. Ac‘r;vrr‘i (p. 107) B

Once the children are familiar with the process of a liquid
changing to a gas, hold a plate over the steam that is escaping
from a kettle., Ask the children to look carefully at the plate.
They should see tiny droplets foruing on the*plate. Explain that
they are seeing condensation. Have a pan medrby to catch the
water as it falls off the plate. Aak the children: (1) Does
this liquid change to a gas?  How? (2) Does this gas change to
a liquid? How? . k__,

)

INTELLECTUAL DEMANDS OF THE ACTIVITY
|

B In order to do this getivity the children are expected to
observe the teacher's demonstration and then, based on this

. observation, to tell whether or not the liquid can change into a
gas and whether the gas can change into a liquid, Even though .
they can observe the changes which'are taking plage, they will
need to have some concept of what a uqum is and vhat a gas is,
and to understand the reversibllil’.y “involved.

ANALYSTS ACCORDING T PIAGET'S STAGES

The changing of gases to liquids and liquids to gases is an
abstract idea even though thé children are to be shown the process
of condensation. In effect, thg child hag to understand, without
direct evidence, that the substance is still there even when it
can no longer be seen. According to Copeland (1974), a child at
the formal operations stage can reason| or hypothesize with ideas
and he is at the abstract level of thinking (Characteristics
f# 130 and 135, pp. 47, 48). It can be assumed, therefore, that
this activity would not be appropriate’for children in Grade Two
becausé they would be operating at the pre-operational stage or at
, best the early sameats operational stage (i.e., the average Grade

Tvo child).. .

Thf% “activity can be cutegorized as unsuitable.

\ E
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51. ACTIVITY (p. 114) i
N i Crush a plece of pencil lead and sprinkle some lead dust over
a piece of white paper and in'a beam of sunlight (or examine the
eontents of a pencil sharpemer). Children could try erasing the
line drawn on the white paper with an eraser and then observe
black lead bits on the eraser with a magnifying glass. (Pencil
lead 1s made of graphite, clay, and other binders.)

[ INTELLECTUAL DEMANDS OF THE ACTIVITY -

3 By observing the pencil lead being crushed and then by looking
at the eraser after it has been used to erase a’black line the
child 1s expected to see that the lead is made up of very small

3 bits. Also, the child must be able to use the magnifying glass.

i ANALYSTS ACCORDING TO PIAGET'S SEAGB§\ ) ’

The Science 5/13 Program, in one of its characteristics for
Stage 1, suggests that children at this stage will have the ability
to find answers to simple problems by investigation (chnm-.tu-i:uc
# 39, p. 40). This indjcates that a child at this stage would;
especially after using the ing glass, be able to understand
that the lead is made up of particles.

This activity can be categorized as suitable.

.

——
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ACTIVITY (p. 116)

Have the children fold a paper towel into a fumel, as shown
on page 116. While one child holds the towel in place, have
another pour the sugar solution through it. Do the children think
the filtered vater will taste sweet! Why? Have the childfen taste
it and report their findings to the class. How do the children
think, the sugar.got through the towel? Have them examine the paper
towel again umh _magnifying glass, and discuss the idea that
sugar must be. coifiGsed of ‘bits too small to be seen, Can the -
children think*bf—4 way to make the sigar in the water visible
again? ~

INTELLECTUAL DEMANDS OF THE ACTIVITY

In this activity the child is expected to predict whether or
not the vater will taste sweet and explain why. Then he must
check .his prediction by tasting it. Withour really seeing how
the ‘sugar got through the tovel, the.child is éxpected to be able
to explain how it happened. Finally, the child will need to
explain how the sugar in the water can be made visible again.

5 o P
ANALYSIS ACCORDING TO PIAGET'S STAGES

The child mst be at a very abstract level of'reasonifg in
order to understand that the substance is still there, unchanged
except in phase. The level of abstraction increases when the child
1s expected to tell how to make the sugar visible sgain. According
to Copeland (1974), a<hild at the fornal operations stage is at
the abstract level and he can use the procedures of the logician or
sclentist (a hypothetic-deductive procedure) that no longer ties
m thoughts to existing reality (Characteristics #132 and 135,
. 48),

It can be assumed that this activity would be beyond the stage
of development of the-Grade Two child.

This activity canbe categorized as unsuitable,




ACTIVITY (p. 116)

For this activity each small group of children vill ne
1 glass plate or square, 1 magoifying glass, 1 plece-of bla
construction paper, 1 spoon, 1 spoonful of gramulaced sugar, 1
clear plastic tusbler, and some vater.

Distribute some of the. sugared water to smill groups of
children for observation. Have each group plade a few drops on

_a glass plite wun black paper:undernelith it. Have the children

into the sunlight or into a varm,plice in the
em :he:k the slide every half hour or so.until the
water has'dried up.§ Then have them exapine the'slide under a
magnifying glass.’ . o o «
(1) What do they see? - °
(2) How can lhey tell 1f the white grains are sugar?
e .

INIELLECTUML DEMANDS OF TiE Acm!n

In order to do this activity the child 1is expected to
observe th¢ few drops of vater evaporating and then-use a mag-
nifying glass to check what is left on the slide after the evap:
oration has taken place. Then'the child must figure out.a way
to test whether or not the white grains left on the slide are.
sugar, . i

| BN R

ABALYSTS ACCORDING TO PIAGET'S STAGES ° & .

Two of the characteristics for Stage 1 of the Science 5/13

-Program which suggest that the imestdgation involved

activity can be handled by childrem at that stage are:

1. awsreness that there are various ways of testi
ou: tdeas and making observations (Chlncterhtic
) p. 40) 5
2 -‘hilky to'find answers to aimple problems by
investigation (Characteristic # 39, p. 40)%

“This sctivity can be categorized as guitable,
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oy 54, ACTIVITY (p. 118) 1 ) y R
Each small group will need: 1 s:rcng—smélli—ng 1liquid, 1 small - ,
Jar, 1 paper towel, and 1 rubber band.
, Give each group a ifferent strong-smelling liquid m ajar.  © -+ i
* Use such substances as shaving lotion, perfumes, vanilla o 5
peppermint extract, gtc. The jars can be exchanged.among n.g 0 PR
. groups, so that each’group has several substances to- investigate.
v & = .

v “Have each grqup cover the top of the jar with d paper towel

i and fasten it tightly with a rubber-band. The jar may ghen he %

15 taken into another room and smelled. Show the children how tp g

: - waVe their fingers over the top of the jar to send the scent to
their noses. If you put your nose directly over something and

P inhale deeply, you may get too smmg a smell at once. -
) " Have cach gipup experience vith their own far and then. observe
.- another group's jar.

. w >
’ ‘INTELLECTUAL mmms}r THE ACTIVITY
&

% To do this activity the child is expected to observe that the
& smell of the liquid will come through the paper.  The child is
H expected to realize that mattew is ultimately made up of particles
H N + much too small to be dlxectly observed.
4

* ANALYSTS ACCORDING TO PIAGET'S STAGES - ~ - el ik

7
lhree of the characteristicg for Stage 1 of the Science 5/13
suggest that this -ctivu)" is appropriate for children at

level, These are

enjoyment in using all the senses (Chatacteﬂstic

# 36, p. 40) o W e
b suareiens it shirezagsarios" ways of testing i

out ideas Mnd making observations' (Characteristic .

739, p. 40)-

& This activity can be categorized as suitable. .

- - «
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S 56, MCTIVITY (p. 122) £ S x

Have the children play with clay. They can'shape the ciay
1hto a ball, a long string, a human or animal form, but it will
N still be clay, 'Ask: What caused the change in the clay? Ask
. the samd quegtion about each of the other pictures on pages 122 and
,* ' 1231 frying an egs, leaves coming on a tree, ‘a boy riding a bike,
‘the’ cutting of a lawn, a demolished car, a waterfall drying up, & '
tadpole developing into afrog. . i
. P » . . o
< L m-ray_r;cm:, DEMANDS OF THE Aerrwﬁ . .
~
. After the child works.with the clay and then cxamthes’she
3 T <lgifferent pletures; he is expetted, to be able to conclude that all
P ...  changes arg mot the same. Some involvé ‘changes in temperature,’
E A some 1n shape, texture and co#position. .Some’ can’change back and
B 4 . .'" . some cannot. ¥ e L .

. ANALISTS' ACGORDTNG 70 PIAGET'S STAGES : ' ¥
> : _.—9__————— £ s

 According (‘n bopalupd‘(mn), a thild at the concrete operatians

¢ stage is becoming more ‘aware of.the relations that exist bet

7 aeparate‘events (Chazacti Thete #94, p. 45). This would suggest
that a child at this stage will beé.able to determine the cause of
the changes that ‘have occurred in the pictures. He should be able
to see the relationship bétween the first -pictures, in each case,
and the end-prndm:t:s.

' ngver, rhe Science 5/13 Progran suggests that.even at Stage’

1 the child has of ct rel
(Charnnteristlc m *p. 42): &

"of 'the Seience 5/13 Prog:-\i-zp d could be.in a transitional perfod
5 betwéen p ang doncrete this lctivlty can be.
. ©.+' . -deem¢d appropriate for'

.. .This
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ACTIVITY (p. 120)

For this activity the children will.need: ' crayons and drawing
paper. Then have the children draw:

1. large building,. the sun, eta. . . .
2. big tree, big building, etc.
‘3, pencil dot, speck of pepper, etc.’ ¥

4. tiny pebble, grain of salt, etc,
5. tall tree, tall building, TV tower, etc.
6. Jet vapor trails, long street, etc.
7. large balloon full of E@lium; etc.

After all the children have®inished their-drawings, use them

sto dllustrate the children's ideas about sizes. Their concepts

about &mall, smallest; large, and largest should be broademed, wmw
Lt g 00N ‘¢

INTELLEGTUAL DEMANDS OF THE . ACTIVITY

In ordet to do-this activity the child 18 expected to.draw
plctures by following specific directions. , His “drawings will

enhance :'his concepts of ewall; emallest, large, and Adargest. .

ANALYSIS ACCORDING TO PIAGH'S STAGES ’/
Lok A A chifld at Stage 1 of the Scicnée/13 Progran will have an

g v e s . .depend on the position of lha cbserver (Characteristic #69; p. 42).
. . 'If a chiM is expected to-have fhis awareness, then it should follow
5 that he would also be awareithat things that are seen as large or .
" smgll are really large or small in a relative sense. :This
. activity, thén, is .pvrapxhn for a child at the prn—npen:to\ml
stage and hence Grade Two. .

A}
This activity can ‘be categorized as suitable.

avareress. that the apparent size, shape and relationships of things '
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57. ACTIVITY (p. 125)

the c.upablllr.ies of the Grade Tub ghidld.

For this activity 'each small group of children will need:
1 crayon, 2 medium jars with 1ids, 5 Scm iron nails, 2 paper
towels, 1 piece of sandpaper or steel wool, 1 roll of mg’sldng .
tape, and some wacer.

Have the children First ‘scrateh the nails with sandpaper or
steel wool. . This will emhance the results. Then ask them to
place a few nails on a dry paper towel that fs im jaf "A". Have
‘them place a:few nails on a wet paper, towel that is in jar "B".
Close each jar. -Ask the children to make a label for each jar
by using crayon to priit, the letter "A" or "B" on tape. Ask them
to make predictions about what will mppen in each jar.

INTELLECTUAL DEMANDS or '!g‘ ACTIVITY

1In order td do, this activity, the cnild 1s expected to

* make p‘ledil:tions about the Effect of water on iron.

ANALYSTS ACCORDING TO'PLAGET'~S '"sTAGEs

ccercung to Beard (1969), a Ahlld at the formal operations
stage can make hypotheses and proceed to test them (Characteristic -
# 128, p. 47).. “In this activity a child hypothesizes about what will
happen to the nail in%both cases and then proceeds to test '
them by obberving what happens over a period of cine. .

is suggests'that thiqpnrtlculu sctiviey would be beyond

This dctivity can be categorized as unsuitable.
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ACTIVITY (p. 126) AN
Have the children chew an unsalted Soda cracker for as Yong

as possible without swallowing it. How does the action of the

teéth change the cracker? What kind of change is this? How does

the taste of the cracker change after it is chewed for several

minutes? Is this a physical or chemical change? ' Ask them

whethér a new material has been formed.

-
INTELLECTUAL DEMANDS OF THE ACTIVITY .

Through chewing a cracker, the children are expected to
ansver questions about the changes that are taking place. The

.must have an bnderstanding of the concepts of physical change and

chemical change - which are very abstract concepts.

ANALYSTS ACCORDING TO PIAGET'S STAGES

The concept of chemical‘hange is a very abstract one and
Copeland (1974) contends that children at the concrete operations
stage are not ready for work at the abstract level (Characteristic
# 95, p. 45). This would suggest that much of this activity would
be more appropriate for a child at the formal operations stage, .
when as Copeland (1974) writes, "the thild is at the abstract
level" (Characteristic f 135, p. 48).

Questions such as:
1. How does the action of the teeth change the cracker?

and, 2. How does the taste of the cracker change after it is
chewed for several minutes? .

can be dealt with by children at the concrete operations and pre-
operational stages Because it involves using the senmses to discover.
felating this change to chemical change, however, represents strong

and to one of the of Stage 3
in the Science 5/13 Program, a child at this stages will have the
ability to use analogies to explain scientific ideas and theories
(Characteristic # 156, p. 49). It can be assumed that the question
involving type of chunge would be more appropriate for a child
operating at Stage 3

This ‘activity can be gategorized as unsuitable.

g ® -
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59. ACTIVITY (p. 126)

Have the children look for objects in the classroom or'at
home that have been nicked, dented, bent, broken, scratched or
«_worn. What kind of changes are these? How might they have
prevented of slowed these -changes? Suggest they look for objfcts
that have rusted, tarnished, or corroded. What kind of change do
these represent? Invite the children to find out how people
attempt to prevent or slow down these chanfes. .

INTELLECTUAL DEMANDS OF THE ACTIVITY

© In order to carry out this activity with sufficient under-
standifdg, a child is expected to know the difference between
physical and chemical changes. _He.must also become involved with
investigation or research in order to find out how people attempt
to prevent or glow down these changes. -

ANALYSTS ACCORDING T0 PIAGET'S STAGES . o

The concept of chemical change is a very absttact one and
Copeland (1974) contends that children at the concrete operations
stage are not ready to work at the abstract level (Characteristic
#95, p. 45). This would suggest that this part of the actlvity is
more suitable fo» a child at the formal operations stage when as
Copeland writes "the child can now reason or hypothesize with
symbols or ideas rather than needing objects in the physical world
as a basis for his thinking" (Characteristic #130, p. 47).

The concept of physical charige can be handled by the averqf®
child at Stage 2 of the Science 5/13 Program when,as it is suggested,
a.child has an awareness of the changes in the physical environment
brought about by man's activity (Characteristic #124, p. 47).
However, consideration must be given to the fact that some physical
changes might cause more problems than others due to the level of |
uba:ractness inherent in the change. The concept of cnndanultiﬂn
and evaporation is very abstract and would be better understood by
children at the formal operations stage.

In conclusion, it can be assumed that ents activity would mot
be a good match for a child at the Grade 2 level.
.

This activity can be categorized as unsuitable.
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60. ACTIVITY (p. 127)

Have the children look at the picture and réad the text at
the top of page 127. Ask them to think about some changes that
are caused by the weather. Then ask: (1) What do you think are

_some things that might have caused the soil to be worn away

(2) What might keep the soil in place? () Can you explain why

. the stone from the stream is smooth? (4) How might the sharp-

edged stone be made smooth?

INTELLECTUAL DEMANDS OF THE ACTIVITY

In order to carry out this activity the children must infer
that weather change things physically. Then they are
expected to suggest some changes ‘other than those that are caused’
by thg weather. ’

B )
ANALYSIS ACCORDING TO PIAGET'S STAGES

One of the characteristics of Stage 2 in the Science 5/13 Pro=+
gram which vould seem to suggest that thil activity is unsuitable
for a child at the Grade Two level ist

1. Auareness of sequences of change in natural
phenomena (Characteristic # 122, p. 46).

One of the characteristics of Stage 3 in the Science 5/13
Program suggests that inferences are better handled at that stage.
It states that a child at this stage will have the ability to use

1 to explain ideas < .

. 49).
This activity can be categorized as unsuitable.

’ &




" standing of certain comcepts in order to )u-m- the -cnvi:y"\x\

ACTIVITY (p. 132)

fave the children identify, describe, and classify the 12
examples of changes illustrated in the picture pairs on pages
132 and 133 (uncooked and scrambled eges, block of wood before
and after whittling, tree with and without leaves, ice cube
before and after melting, sandwich before and after it is eaten,
wood planks before and after sawing, beach house before and
after paint has weathered, car before and after washing, fabric
before and after it is sewn, pile of leaves before and after
burning, field before and after plowing). The children may work
in groups and they can record their answers to the following
questions about each change by placing letters in a chart like the
one pictured on page 133.

1., Is the changh chemical, physical, or bath?
2. TIs thie changd fast or slow?
3., s che change natural or caused by pegrler
4" Can the things be changed back o

INTELLECTUAL DEMANDS OF THE ACTIVITY / .

In order to carry out this-activity, a child 1s expected to

describe, identify and classify pictures of changes nto categories.

The child will peed to know how to classify with an under™

meaningful way.

ANALYSIS ACCORDING TO PIAGET'S STAGES

The part of this activity ‘which is Mkely to cause most
problems is the question, "Is the change chemical, physical, or
th?"

The concepts of chemical change and sometimes physical change
can be very abstract. Copeland (1974) contends that children at
the concrete operations stage are not ready to work at the abstract
level (Characteristic #95, p. 45). This would suggest that the
first question might be more suitable for a child at the formal:
operatiors stage, when as Copeland (1974) writes, "the child can
now reason or hypothesize with symbols or ideas..." (Characteristic
130, p. 47). A
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Classifying change as being fast or slow can be handled by
children at the concrete operations stage, for according to
Copeland (1974), at this stage children begin to use words that
express mathematical relations between two objects (Characteristic
# 93, p. bs* .

Copeland (1974) also writes, 'the child is hecnming more
avare of the relations that exist between separate events"
(Characteristic # 94, p. 45) at the concrete operations stage.
This suggests that'a child at this-stage may be able to see the
relations that exist between what he sees in the pictures, and
whether the cause is a natural one or one caused by peopke.

nclnsi(m. this activity is suitable for children at the

In e
‘late concrete operatibms or formal operations stages.

This activity can be categorized as unsuitable,
-




The analyses of the sample of'activities for the uait on
Matter indicated that of the 13 activities analyzed, 6 were found to
be suitable and 7. unsuitable.
Table 5 shows these results..
. s ’
%m! 5 "

Sumnary of Findings for Unit on Matter
.

Unit: Matter

. Findings
Activity Nusber
L Sultable . Unsuitable
49 X
50 x
51 x
52 b3
- - X
sS4 X 1
55 X J
,rj 56 x
- s1 g ; = z
-58 < ) X
¥ 0 T
59 ’ o i
:, 60 ° X
61 . X
’ A
Total ) 6 ) ?
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Analysis of Activities from Unit: PLANTS AND ANIMALS
IN RELATIONSHIP WITH SPACE, TIME, ENERGY AND,MATTER

ACTIVITY (p. 135)

Have the children look at the text and photos on pages 134 and
135. The photos show some events that herald the beginning of
spring: (1) a rushing, muddy stream, (2) a red-winged blackbird,’
(3) some ants, (4) a spring flower, (5) aground squirrel, (6) a .
frog, (7) a bee gathering pollen from a spring flover, (8) melting :
icicles. ba

Write the words "WINTER" and "SPRING" on the chalkboard. Then !
have the children think of as many differences as possible between,
winter and spring, Write their responses on the chalkboard under t
the appropriate heading.

INTELLECTUAL DEMANDS OF THE ACTIVITY "

In order to do this activity, a child is expected to investigate
some of the signs of spring.indicated by the pictures. Based on
this experience and experiences they have had with seaspns’in their
everyday life, children are expected to come up with as many
differences as they can think of between spring and winter.

STAGES

ANALYSTS ACCORDING TO PIAG

Some of the characteristigsiof Stagé 1 of theiScience 5/13 Program
indicate that this activity-is suitable for this particular stage. &
These objectives are:

1. Awareness of changes which take place as time passes
(Characteristic #42, p.

2. Recognition of regularity in patterns (Characteristic
i 44, p. 41).

3. Awareness of change in living things (Characteristic #46,
p. 41).

4. of £ 1 tic

#67, p. 42).
5. Awvaremess of seasonal changes in living things
(Characteristic 68, p.

e

Since this activity involves finding concrete differences
between winter and spring, it can be assumed that it 15 a good 1
match for the child at the Grade Two Eeval‘. .

This activity can be categorized as suitable..




» 63. ACTIVITY (p. 139)

Have the chfldren listen to some frogs and toads. Perhaps
_you are in a locality in which you can hear the call of frogs in

the spring. —
The best way to locate a pond for amphibians is to use your

ears. Such a pond is one from which you can hear the loud, almost |

Jingle-bell call of frogs called "spring peepers". Some other ;

frog and toad spring calls are the almost dull twang (somewhat i

! like a tuned-down banjo) of the.green frog, and the long trilling .

! call of the American toad.

- INTELLECTUAL DEMANDS OF THE ACTIVITY ot .

This activity requires that the child gain am increased
awareness of spring by listening to animals in their environment,
and keeping a concrete record.

ANALYSIS ACCORDING TO PIAGET'S STAGES
ANALISTE ACCORUING 20, PIAGET’S STAGES

One of the characteristics of Stage 1 in the Stience 5/13
Program indicates that children at this stage will enjoy usingall
the senses for exploring and discriminating (Characteristic # 36,
p. 40). This suggests that children at the Grade Two level will be
ready for an activity such as this which involves using the senses
directly to observe frogs and toads. :

This activity can be categorized as suitable.
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64. ACTIVITY (p. 139) .

Have the children listen to a woodpecker. Another spring
sound that is often heard on spring mornings is that of a wood- -
pecker. / If woodpeckers are found in your locality, you may wish
to take your children outside to look for signs of woodpecker
holes in tfees.

-

INTELLECTUAL DEMANDS OF THE ACTIVITY s A\

i { 3 t i
This activity requires that the child gain an_increased

avareness of spring by listening to’and observing animals in

) their environment.

1.

ANALYSIS ACCORDING TO PIAGET'S STAGES

One of the characteristics of Stage 1 in the Science 5/13
Program indicates that children at this stage will enjoy using all
the senses for exploring and discriminating (Characteristic f# 36,
- p. 40). This suggests that children at the Grade Two level
: (i.e., Stage 1) will be ready for this activity which involves
using the seriSes to observe woodpeckers.

This activity can be categorized as suitable.

! . ' ’ . |

a3
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65. ACTIVITY (p. 145)

Ask the children to imagine that for some reason they had to

o spend the winter outdoors. What kind of protected place would

they seek out or build for themsleves? Would it be like any of
the hiding places shown on'pages 140-1437 Have the children draw

pictures showing the features of the place they.would find or build.

'
INTELLECTUAL DEMANDS OF THE ACTIVITY

T4 qrder (o dFdua pleture of a protected place:they wou 14
want if they were to spend the winter outdoors, children will need

“to know the basic physical needs of human beings. 'Based on their

knowlédge, i this respect, children would then need to predict
yhat their place would be like.

oy © . 0

ANALYSIS ACCORDING TO PIAGET'S STAGES

According to Copeland (1974), children at the corcrete opera-
tiohs stages are becoming more aware of the -relations that exist
between separate events. (Characteristic § 94; p. 45) and they are.
stil] very much.a partof the physical world (Characteristic # 95,

"p..45). This suggests that children at this stage will be able to

see the relationship that exists hetween winter and what would be
necessary in terms of shelter for that particular séason. At first
glance, then, it could be assumed that this activity would not be
appropriate for children at the Grade 2 level.

' Hovever, this activity 1s concrete enough In terms of their
everyday experiences to.pose no. prohlems for children operating at

* the pre-operational and early cohcylte operation stages.

This activity can be classified as suitable.

AN

e ol




66. ACTIVITg f ? 3 .
- - i
Divide the class info five groups, and give each group a soil. {
sample. Have the children engage in a "How many different animals
can you £ind?" game. Records could be képt on board charts or on
group charts. f

The soil samples should be placed on Very large sheets of
plain mural paper. The soil should be carefylly teased apart with

tweezers or toothpicks. Magnifying glasses will help children L] !
separate living objects from nonliving objects. i
INTELLECTUAL DEMANDS OF THE ACTIVITY ay ‘. ‘
In order to do this activity, children must be able to '
identify very small animals and also be able to use & magnifying .
glass. This activity should develop an appreciation for how many B
- different animals live in a small amount of soil.
ANALYSIS ACCORDING TO PIAGET'S STAGES
One of the characteristics of Stage 1 of the Science 5/13 <
Prograa indicates that identification of very small animals in a
soil sample is an appropriate activity for“this stage. It states -

that children at this level of development will have the ability

to group things comsistently atcording to chosen or given criteria
(Characteristic § 45, p. 41). Furthermore, according to Copeland

(1974), children at the eazly cancuu operations stage are very

much a part of th and aFe not_ready to work at .
the abstrgct level (Chnuurudc 995, p. 45). @

oA

#  One can infer that because of the concrete nature of this "
activity, it isyappropriate for a child at, the Grade Two level.

This activity can be categorized as suitable.




67. ACTIVITY (p. 149) . ‘. ' "

Late in the spring, have the dhndmn("zb up a zoo of insects.

. By late spring many insects have emerged from hibernation, and they
can be found all over the place. To do this activity one will need:-
some empty jers with 1ids that have holes punched in them. Have the
children collect as many insects as they can, and try'to group them

' by similar traits, For example, beetles.have hard shell-like wing .
covers; most antd are wingless, etcl. A 6atu(e guide to insects ca
be a great help in grouping chese.

INTELLECTUAL 'DEHAKDS OF THE ACTfVITY . 1 .

I axdet’nu do_ this getivity'a hidd wast' Ué disle o Elanstly
and be able to use books to £ind pertinent information. He.will
also need to bé,able to.observé and detect insects in their habifats.

ANALYSTS ACCORDING TO PIAGET'S STAGES

According to ‘Beard (1969), a child at l:he concrete opexltions

stage can classify’ in-two.or more ways simuitaneously (Characteristic

#:12, p. 42). This indicates that children would be able to do the
. classification of imsects (which is 1nvn1ved in thia uuvity) at
the concrete operations stage. . § "
One 6f the characteristics of Stage 2 in the Science 5/13 Pro-
‘rgnm indicates that childrem at this stage will be able.to select
relevant information from books or other reference material
(Characteristic #118} p. 46). .It can be assumed, therefdre, that '
childl‘en at the late concrete operations stage Hﬂuld be ‘able to use
a nature guide for informatlon about insects which' would ennble
them to be able to.classify them. = . i
4 However, children ii Grade Two are generally pperdting at
Stage 1, which indicates that this activlty may cause problem for
children at that grade level.

. Thin activity Can be.categorized as unsuitable.

\

1
i
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ACTIVITY lp. 155)

4 emphasizing the importance of waymth and moisture for many
plam:s Foige i grovth, the children can record the increasingly
warmer temperatures of spring by observing the air temperature
outside thetr classroom window ovér several weeks. 'It.is necessary

. to have: a thermometer, chart paper, constriction paper, scissors,

%

tey-apd a'felt-tip pen. Be suré to have them. take ‘their readings
at the same time each day, You night want to have qgfew-children
responsible for recérding. the temperature and an. pbs¥cvation,of
planr. clunges each day. ‘They.could cut a strip of paper to a length
vhich corresponds, £d the temperature.for that day, and. paste:it on
a bar graph. ' As the bars increast in length the childrén should

E ppreciu:sen for the Emdual rlse m air :emperq:ure

morder to carry out this, a 1vity .a child must be able to ;.
Tead'a thermometer and then record the temperatures on a bar graph.
While checking the "tenperatures bach day the children are also
expected he ubserving’ the changes in plantnf

ANALYSIS eccmu‘wmc TO PIAGET'S STAGES . .
? At Stage 2 in’ the Science 5/13 Program one of the character—

istics states that children will have the ability to use histograms

and other simple graphical form3. for.communicating data (Character-

tstic ff 120, p. 46). It can'be assubed that this.part of the

activity which involves the bar graph vould be beyond the capabilities

of the averagp Grade Two child (who is operating at Stage 1). 5

Anothe; clursu:[erlsi:c of Stage 2 suggests that this activity is
more suitable for a child at this level, It states that'a child at '
ithis level of development will have knouledge of ways to dveatigaser
and measure of # 116,
B 46). This part of the activity, therefore, which involves reading
the temperatures is_not suitable for the average Grade Two child.

Pinally, at,Stage 2 onme of the characteristics states that
children will hays an awareness of sequences of chapge in natural
phenomena . (Chargeterfstic # 122, p. 46). This puggests that children
at ‘Stagé-1 (ot.frade Tv) would have problems dealing vi(h this part
+of ‘the activity which involves :hmge- in plantlife.

This activity can be categp!iud as unouitable.
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The analyses of the sample of activities for the unit on

Plants and Animals in Relation to Space, Time, Energy and Matter

indicated that of ithe 7 activities analyzed, 5 were
suitable and 2 unsuitable.

Table 6 shows these results.

_Summary of Findings for Unit on Plants and Animals

| TABLE 6

in Relation to Space, Time, Energy and Mattér

O

Unit: Plants and Animals in Relation to Space, Time, Energy and Matter

» Findings
Activity Number
Suitable Unsuitable
62 X
v
. 63 - x
64 X B
65" X
R R X
Tei X
.8 X
. "Total 5 2
i » L
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CHAPTRR V

SIMMARY AND RECOMMENDATIONS

The Grade Two Science Program in Newfoundland and Labrador

is the STEM Science Program (STEM denotes the main topics of the

program: Space, Time, Energy, Matter). While some schools may use
certain other materials, STEM remains the program commonly used, as

by the of This being the case, it

was considered (n‘pn;)unt that it be'an exceptionally good program that
meets the needs of the children for whom it is intended. It was deemed
'ne:uury to examine this prograw in light of ‘some theory of child
development, ‘to determine to what degree there exists a match between
the activities outlined in the Grade Two text, and the development and
abilities of the Grade Two child. It was established that the mjority
of Grade Two children are seven years old. |
For the p‘pnle of this study, the literature was S——
with special emphasis placed on: "
(1) the developmental theory of Jean Piaget
(11) the qgncept -ef matching, and
’ (111) matching in science.
Plaget's developmental stages were used also as the basic guide to the
mental capacities of the seven-year old. The sélected activities in

the Grade Two STEM Science Program were analyzed in light of these

capacities.
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In reviewing the literature on the developsental theory of '
Jean Pipget, it vas discovered that :r."'.vemg Grade Two child (who is
essentially seven years of age) u operating in the pre-operational
stage of development, or is in a transitional period between the pre-
operational and early concrete operational stages, or at best, is in the
early concrete operational stage: b ey

Reséarch studies on the concept of matshing indicate that

appropriate learning experiences should be provided for children, regard-

less of their grade leve In gfder to ensure a match, one must first

ascertain, insofar as possible, the level of reasoning of the child and
on this basis, select activities which are within the intellectual cap—
abilities of the ghild. G

An examination of the literature related to matching in
science revealed that Piaget's theory is particularly relevant to science
teaching, because it deals with the capabilities of children st
different levels to perforn certain logical operations, which are
directly related to some of the processes of science. Pluget’dzscrib‘zd
the development of l:;umg concepts through his four deve.lnp-ntalﬁ
stages: the sensori-motor. stage, the pre-operational stage, the concrete
operations stage and the formal operations stage.

The nunmuﬁeve.x 1so that Piaget's developmental
stages were used av the bul¥E for the devalopmnt of sctivitisa included

1n a well-known aclence program for children: British Schools Council. .

. Science 5/13 Program (Ennever et al., 1972). For the purpose of that

particular progran three developnental stages vere u Stage one

the from to concrete operations and the

. .
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ezriy stage of concrete operations; stage two representing the later
Watage of concrete o‘;erations, and stage three representing the transit-
fon from concrete operations to the stage of abstract thinking
(i.e. formal operational thought). . .
On examination of the Grade Two STEM Science Program (Teachers'
Edition), it was discovered that there were a total of 270 activities.'
An apalysis of all of these was geen as impractical and difficult to
manage. Instead it was felt that a sample of approximately 25 percent of
“the total sctivitiss chosen randonly and vepteseiting the victous untts
of the text would constitute a vali:i sample of the total activities.
A table of random numbers (Glass and Stanley, 1970) was used
for the selection prpcess. The sample included 68 activities,, which
_ represented the vatious units of the text as follows: Living Things - 18
from a total of 74; Space - B £xom a total of 29; Time - 10 from ‘a total
of 413 Energy - 12 from a tatal of 39; Matter - 13 from a. total of 49;
and Plants and Animals in Relation to Space, Time, Energy and Matter - 7 .
" from a total of 38. X ¥
Each of the selected’activities was analyzed in the following
nanfler: . ) .

(1) a description of the activity was given

© '(41) a description of the intellectudl demands of
* " the activity vas given

(411) ‘the analysis of the activity, according to” |
Plaget's stages, was carried put, -~
/

The results of the analyses of the activities were recorded by
categorizing them as being suitable for a child at' the following develop-

mental stages (Stage 1, Stage 2 and Stage 3 refer to those of Ennever
.
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et. al., 1972):

(i) the p: ional, early concrete/S 2

the concrete operations stage/Stage 2

i) the formal operations stage/Stage 3.

‘It was ea:jér established that, according to the criteria used for the

purpose of this study, in order to be appropriate for Grade Two children

(most off whom are 7 years of age), an activity must fall into the first

(i.e. the p: ional, early /stage 1),

category
e limitations inherent in the study were:

) Activities from the printed page were examined in
terns of suitability, as opposed to observing
children carrying out these activities. The latter
was not feasible. For children of the age level in

\ question, active involvement in concrete situations

N is a major factor in learning. This factor, con-
bined with the.differences in ability and experjences
which are bound to be a feature of a sample pops;atiun
of children, might well have changed the outcomes of
the study.

. (ii) A random sample of activities from the Grade Two
STEM Science Program was.examined, which, despite
appropriate sampling procedures, may or may not be
representative of the total program.

Each-activity in the sample was analyzed and categorized as
suitable, or unsuitable for Grade Two children. A sumary of the findings
for each unit is given in Tables.1-6. Of the 68 activities examined, 38
were found to be a good match fof the pre-operational, early concrete/
Stage 1 (and, therefore, for Grade Two children); 30 vere deemed more
suitable for children at the late concrete operations and formal opera-

tions stages (or Stage 2 and Stage 3 of the Science 5/13 Program). A

further analysis of suitability of activity by unit revealed that the
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activities in the unit on "Living Things" were appropriate, 14 “GT the
18 activities examined being suitable for children in Grade Two. In the
unit on "Space", 5 of the 8 activities examine‘d were found to be suit-
able for children ‘in Grade Two. 1In the unit on "Tine", 3 of the 10
activities examified vere found to be suitable for children in Grade Two,
In the unit on "Energy", 5 of the 12 activities examined were found to be
suitable for c.hllciren in Grade Two. ‘In the unit on "Matter", 6 K;f the
13 activities examined weré found :a'}e suitable for cn/xdm. in Grade
Two. In the unit on "Plants and Animals in Kelatlon to Space. Thne- : 3
Energy and Matcer", S of the Feadiivitien somiaalvereifind rottmsnlis
able for children at the Grade Two Level. These Findings are presented

in Table 7 on page 139.

Recommendations < > =

The overall resulqg,cf r.hg.examinauen of the Grade Two STEM

Science Program indicate that 44,1 Fersnt GEIENG sample of activities
examined appear to be unsuitable for Grade Two children. These activ-
Ities provide a better match for children:operating at the lnt;»’ebr‘wm,ﬁe 3
operations/Stage 2 and the formal operations/Stage 3 levels of develop-
ment, than for the children at whom they are currently directed. On'the
basis of these findings certain recommendations can be made. ~
L. Provided the STEM Science Program is retained as the basic Science

text for Grade Two children, the ﬁ;uguxng revisions should be con-

sidered: .

1) The unit on "uvxng Things" can’be, deemed appropriate for

the children at the Grade Two lew€l. - Fourteen of the

eighteen activities examined in that unit were analyzed
as being suitdble for the Grade Two children.
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+ The Department of Education might comsider a revision of the Grade Two

. In light of the findings of this study, it is recompended that further
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(1) The unit on “Space” can be deemed appropriate for children
at the Grade Two level. Five of the eight activities
examined in that unit vere analyzed as being suitable for
Grade Two children.

(411) The unit on "Time" should be examined more closely and
consideration given to providing a supplementary set of
activities. Only three of the ten activities analyzed in

— that unit were deemed suitable for Grade Two children.

(iv) The unit on "Energy" should be examined more closely and
serious consideration given to providing a supplementary
set of activities. Five of the twelve activities analyzed i
from that unit were desmed suitable for Grade Two childremy *

g,

(v) The hgl: on. "MaLter" shoutd be @famined more losely and " !
seriol n given to y "

set of activities. Only 2% of the thirtosm activities,

analyzed from that unit were deemed suitable for Grade Two

children, * .

(vi) The unit on "Plants and Animals in Relation to Space, Time,
Energy, and.Matter" can be deemed appropriate for children
at the Grade Two level. Five of the seven activities
examined in that unit vere analyzed as being suitable for '

L] Grade Two children.

STEM Science Program,

research be undertaken with respect to the STEM Science Program in

the Frimary schoal, It would be profitabla o exairine ‘the xxndergar:en,
Grade One and Grade Three Program: in a IB‘IlIlEl' lxmx].ll‘ tu that

used' in this study and here feasible, to acjually observe children |
attempting to perform the selected activities in a classroom situation.
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" TABLE 7

Summary of Findings for the Total s@f Activities

139

Total Activities

Unit Suitable Unsuitable '
Ex:mnlned in the Activities Activities
it
<
Living Things . 18 14 4
; \ <
Space 8 L 3
Time ' . 10 3 7
Energy 12 5 7
Matter 13 5’ 6
Plants and Animals .
in Relation to 7 5 3
Space, Time, Energy
and Matter
i
Total j 68 8 30 .
.
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