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hapter One ‘ Lot

T o ﬂ_-ﬂ..fiIntroduction to . the Study if

o Background o
= . __m': /. _ : : x o . v
Over the last twdnty—five years or since the o

ot

irevolution in sc1ence education brought about by the

”Sputnik era, educators have attempted to clarify for

of sc1ence that should be taught in

'themselves the natur.

Bschool . Many educat 'S found it helpfu& to regard

Y g

1sc1ence from the poxnt of view of itS‘aualistic nature,z' S

'3as not only a body of 1nformation——product-—but also as e

}
method of 1nVest1gation-—as inquiry and'discovery,»or "f)fr'_&\

process ' Historicaily, product rather than processkhéd¥‘

ERAEE
4

'4_been stressed when teaching science in the elemehtary '
[school, and other aspects of sc1ence instrﬂction, such as .'5;

.f_the affective, had been all but ignored Ef?orts to.
"change thlS began in the 1960 s (Martin 1983,/Matala v

~

'1951)

Programs,developed ln the 19608 empha51zed process

-~

over concept development in scxence and offered a , -

dellneation and a description of the processes thought to '

-

‘Fe important enough to teach The processes identified byf'
~the American Association for tgg,Advancement of Science

as appropriate to young children uere those thought to

»

- :
characterize the work of the scientist. processes such as’



observ;ng, cla551£ying, measifing,iand predicting

(These ere discussed in relation to the Science-a Process

Aggroech program é"'Chapter Two L Sc1ence progrems
...... developed in the 19703 differed slightly from eerlier :h\ o
| hn;progreme in the belence of emphasis on concepts end o
.;proceeses but continued the inqui yforiented, hends-onr
»child—centered epproech of the s}xties programs These

.changes, and more recent changes, seem to reflect a

seerch for something more likely to be ac:ipted by ‘ ;
1;teechers end to be more widely used in,th classroom;ileﬁ

_therf is less concern now for furbher comprehen51ve

& e

'1change to the foundation of the rogram (Martin 1983)

The A%berta Elementary Science Curriculnh Guide o£
“'ﬂ983 recognizes the dualistic nature of sc1ence but with f”
“ -edded attention to the ps}chomotor and affective aspects

= , '»U-W"Sci%?ce is at one and. thg/seme time a body of
R . knowledge and a process of inquiry. Sciience.
o ' ' V,experiences should be’based on enquiry and
. 'should. involve. stud ts in developing and ‘
practicing the proce Ss skills, in learnipg new:
- ...  concepts, ‘in ‘developing psychomotor abi%?ties' _
/" . and acquiring positive: attitudes toward‘science:
) “'and itself. The science program reflects: the
o ~:ﬁimportence of. all these components. ‘in its-
L :gcurriculum end instruction ' (p*ii) e

The emphasis ‘in- sc1ence curriculum intbnéed forv

"implementation 1n Alberta schools is ev1dent from the _v7

o £ollowing suggestion‘ e """'A o ‘51 P
L I The. teaching of scxence as inquiry ‘i's .the basic
N ' instructional’ stretegy recommended in the
' ‘ , Alberte elementary scxence program of studies
- : _ (p 4),~ ' :
K4 . - LT : co h

'“f,:The gu1de goes on. to ‘indicate that:

‘ff""%"f_.ﬂ;if:- . ':: ":. | _'.‘\\ ;‘:c . _;o B

e

: }?T“, S .37;,lfg'; ;'w,“ v';ﬂu;’i'3j;jf



"*actiVity orientation of virtually all modern science

T'?lnherent in the process of inquiry is the o
... . . . development’ ‘of those’ skills. -and. strategies that
gL, le d to.abi¥ities’ in gathering ‘and’ applying
. in Pormation' toward answering questions and
solving problems (b 4) o A

‘ji; Alberta curriculum guidelines indicate thet
‘iprocess;s similar to those delineated by*the American
-T;ASSOClatlon for the Advancement of Science are to be ”
‘conSidered central to the nature of inquiry, these
gprocesses are emphasized in some of the recommended:;tﬁu-'
;Alberta curricula A mandaﬂ% has thus been given to_” ‘
dhAlberta teachers ‘to develop éﬁh abilities of children not
_Qonly in the area of dpntent acquiSition but, V' -

r'additionally, \ the process component of the scientific-'

-enterprise
The process approach gained a: certain amount of

popularity in the 19608 and is still reflected in the

iprograms The process approach to teaching ‘at. the.ﬁﬁn“
3velementary levei has been shown to improve student.s:
'vperformance in general achievement, analytic skills,af g
process skills,'reading,/mathematics, Social studies,.and‘:.
communication skills - (Shaymansky, Kyle,,& Alport, 1983)
.Research also demonstrates a pOSitive relationship |
,between practice in sc1ence pr0cess skills and - :
s;development of logical or formal tginking abilities (Linn!‘?
& Thler, 1975; Padilla, Okey, & Dillashav, 1983).
redicting is one of those skills, or processesif;

‘~that COntributes to the more. general process of inquiry p



’1f_that is now such an accepted part of elementary sciencevlwa%

'7{gprograms The ability of children to pre : t is but oneff'j*fl7

h:5”77o£ the process skills that must be fost red, but it is ofé"‘ :

pecial interest and impq;tance considering‘its potentialih”

o

5@application to lite experiences

:3f:The Procees of Predicting g |
.byLJyf'i The nature of'predicting will be discussed in more _.‘vfﬁﬁ
‘i}detail in Chapter Two but here some\definitions will be |

een defined in a C)v'_”\\ég

redicting and prediction have
hat childrenns

- multiplicity of ways and it is possib L

d'considered.u.

abilities in predicting and their undersvanding of what Q”J
'yfit is all about may reflect this variet'g The. following

idefinitions are representative of predi tin\\from both a’
_ﬂ{'ﬁgeneral and a specific point of view :”-ffi'f" f\\ag;f5

9 L EEET

Q ,_To predict is usually to foretell with .

‘ precision of. calculation. Xnowledge., Or: shrewd
 inference from facts or experience, e. g.: The

astronomers can predict an - eclipse ;(Random o
House Dictionary,,p_ 1133) . ‘

A prediction can be formulated only after a’
series of observations ‘and méasurements. have -
been made, : aﬁd their relationships have been
determined. On the basis of the ‘analysis of .
;previous data, one .can predict or forecast what
, ‘future observations will be ‘(Trojcak, 1979
LTt Tp. 158)- S - '
PR £OON ' -
Prediction is a specific £orecast of what _
future. observation will be (AAAS Program,~p._
*109) ' L

~

. [Prediction is] the use of existing data,

- information ‘and perceptible patterns and. trends

.’in order to suggest future outcomes and

- occurrences.. (Alberta Education Curriculum
'Guide,'1983, p. 8)




f*A prediction 15 a forocfst of whit a-future

. .observation will. be. It is’ based on- A
;;ggobservation.,measurements, inferences and :
~““involves ‘communicating. ‘A prediction that is =
'*t-not based.on observation is. A guess. “(Alberta S
.;_Education Elementar Curriculum Guide.1983,_p]j;9'”tfj

anne Harlen (1985) includes predicting within a mor._;jf*aw»
-general. P
intLrpre

is ar type'of inference that is based on‘!Lserved patterns

:ocess skill which she identifies as ,'v

_tion of information In this case a prediction L‘»~’"

--‘lndata AT IR . BT :
. For the purposes of this study, predicting'wAll be
defined as the use of existing data. information, and
perceptible patterns and trends in order to make a “_.ffr"";5‘~
speczfic forecast,of what a future observation will be

\

Focus of - the Stugl

Assisting children in the acquisition of skills iﬁ"
involves a wide range of tasks for teachers Among these

tasks are the problems of choosing appropriate learning

e

experiences for children and responding to their efforts
in a supportive way In her book concerned with the
intellectual growth of children and the relation of this

. growth to thgir school experiences, Donaldson (1978)
concludes that
A very important part of the job of a teacher
. is to guide the. child towards tasks where. ,
s he will be able to objectively do well, but not L
" too easily ... .. “This means assessing his.
E - skills with sensitivity and accuracy., . ‘
e ,understanding the 1levels of his: ‘confidence and
. energy. and: responding to his errors in helpful
Jwa’ys. (p. 114) .. B o
. - S ' TNy

N
e



s

Fulfilling this role in relation to teaching the process

‘uithe course of development of children s predié&ing

i‘iiebility end e sense of what kinds of xperiences would

d'pencourage that growth Insights to children s knowledge

'“Tfhend understanding of the process of predicting could help
ke develop the sensitivity and understanding that
*gteachers need in order to respond in a helpful way to fbi?’

H‘,children s efforts at predicting

Teechers also need methods to assess levels of

.'.Jof the SCl;¥ce Council of Canada(1984) drew tne‘f

",conclusion that evaluation techniques and procedures are

;crucial to ensuring quality in science education

Assessment technigues must\pe developed and

‘:[fffabilities in process skills as they develop Report ¢36

.. -

;implemented for 'all the’ objectives of science .
- education ...v . Yet the examinations and tests. of

"~ sclence courses, whether set by ministries of

_education. or by teachers, ‘have continued to: focus on:;
.how much- scientific knowledge has been acquired by

P

'i;fot predicting means that A teacher needs a knowledge of I S

—_—

_sthe . student The effect of this has. ‘been that both

vteaohers and students treat other. objectives as -
. unimportant . extras to be attended to if time allows.
And..as every teacher knows, time rarely does allow o

_ The report goes on: -

DR

“»The Science Council wishes to register its concern .
- that. students be assisted towards heir educational B

.goals by means of reliable’ meesures of their.

progress and that the public be given evidenoe that

. ministries of education and school systems are

1'Jindeed monitoring the effectiveness of their sciencew"

:T,prOgrams ‘Both: of ‘these require reliable instruments
- and’ apPrOPtiate policies and, in most parts of Ao

' Canada, the development of. both - of these is 'lagging. . ..

. far behind the curriculum developments to which
ﬂ'should be: related (p 44) ‘ S

[y

I
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_'\ A* o

anee lmproving children s facility with scie@%;

"iprocess skills iﬁ a major objective £or Alberta school

ﬂ*‘:gt-}valid instruments to measure achievement in such Skill'_-
:Lﬂare important for teachers to have Information | '
"7concerning both child achievement and the appropriateness'ﬁ“ﬂ
"3mo£ the inclusion of specific process instruction at if
:fspecific qrade levels could be provided bY th‘ ’} {ii“n it

l.development of such instruments and associated testing

' . o

v‘fltechniques Such instruments and techniques should also
fgprovide‘cr:teria for the direct comparison of student
_performance with an established norm | |
ThlS study lS 1ntended to assess the ability of
helementary school children 1n the process of prediction'
'v‘.It is hoped that thls assessment will indicate something
'g £ the course o£ development of predicting ab ities in’ﬁ7
‘x_felementary school children thfough ‘the gradesﬁ&ind~alsozg
_indicate the grade lev?ls at which an emphasis onvtr L |
experiences that develop the ability to predict would be
Mmost effective , Two methods of measuring predicting 57';:
abilities —-a’ ‘paper and penc11 test and a physical .
:manipulation test——will be used in this study The-time
istaken for each Chlld to complete the paper and pencil
i.test will be used to determine a predicting ability speed’ ,ph
;score ' It 1s hoped that comparing these tests and the B
resulting scores will provide teachers with criteria with
'vs_respect to which tﬂey may evaluate the predicting

‘t - —

-:ahilities of their pupils. It is also hoped that .

N
4



Bl -*0»* i ‘/".al, '

fineights about what children !how and understand about

7nPredicting will be qained through an: interview with each fﬁf -

‘gnfcnild,b nd contribute to teacher s understanding of the
n“_thinkingcof children.ﬁ This deeper understanding of how
y,fcnildren view the process of predicting may assist :'_
_jtteechers in deciding how best to help children improve-,

r”their skill at predicting

) ,'(, .
i PR

S - The nu11 hypotheses desxgned to permit examination

'*of the.possible differences and reiationships among the _

;'variables relating to this study are._

-

';l.- There is no Significant difference e

—-—

'between grade 1evels in predicting ability

o scores on the paper and pencil test, predicting'jA_'h

~ability scores on’ the physical manipulation
Ztest,'or predicting ability speed scores

,2 There is no 51gnificant relationship

'between predicting ability scores on the paper"

"and pencil test, predictingeability scores on‘

‘pthevphzsyéal manipulation test, and predicting

1

hability speed score

Intervxew Guidelines.i [ s

’ InterViews exploring children s understandiﬁg and

knowledge of the process of predictinibwill ‘be guided by'

the following questions

.lf What does predicting meah to chxldnen’ _

v/}’\h.



e

! ',»:__. '_" '.

How do children perceive the proceas of
' predicting within their daily lives°5“f3 '

Some Limitations o the Study

,'ml; It will not be possible tc consider prior
(@experience or background of the children in this study

2. Although every effort will be made to

’ftfstandardize procedures in administerihg and evaluating
ﬁleaﬁs prediction test, experimenter bias may influence the _ﬁ”ﬁ,
A T R

'[evafhation and administration of the tests

3. Individual teachers may vary considerably in L

Tm.ftheir approach and ability in teaching the science

'program This variation could be reflected in the

'»yperformance of their pupils in completing the testsfzf

Einvolved in this study

Children ] perceptions of predicting will be
A

z}explored solely through an individuaL/interview Their
B responses could be considerably affected by their ability

'”f to articulate experiences and their comfort with the

nterView situation

f'§;' Some evidence to support the predictive validity

- fof the paper and pencil test wzll be gathered in relation ‘t

.;_to the physxcal manipulation test but it will not be

~possé£1e to firmly establish the validity of the paper
‘and pencxl test during ‘this study '"MQ f 1, f et
y6. The arbitrary choice of schools selectdd for G

this study may mean that a representative sample will not

17“ be obtained and thisrmust be carefully considered when'f"




| attempting %o generalize any of the results to the .




The 1iterature pertaining to tnis study will be
S :

'{discussed under four msin headi

ngpproach, Growth and Develo:

trprhildren, Evaluation of Process Skilis, and Children s}¥;fﬁ;}ﬂf

'f;#fKnowledge and Understanding of the Process of. Predicting;fifi;"

'-The Process Skills Approach

- Science is a human activity that has evolved as an.i‘

.v,’intellectual tool to facilitate describing and .
. orderihg the environment Once: one accepts the: idea
- that science does not. exist in. any other: realm but -
-/ the'mind, it ceases to be a "thing," an entity with

~Trits. own existencae: Though scientific truth or-fact
" 'is ' ideally obijective, it is subject to human, B

"]perception and- logic.,d.-. . As a method, science is:L'

"Mrelatively stable and universally applied, while as = -
_ .a body of knowledge, ie is constantly changinq o
v:(WOodburn. 1967) ST : : !

7}_ J7.]The so-called process approach' to teaching sciencef;]ﬂ-‘

reflects Woodburn s definition of science .'Method' is
jconsiﬁered to be a set of recognizable processes.-.vn?'
Qicomprising the intellectual activities of scientists

:-Gagne (1964) presented a. statement of the pi&choiogical o

.,:p.foundations of the Science = A Process Approacn PrOQram ;_ﬁ“
ko writing teams develgping exercises £or the program

aff In this presentation he outlined the main premises ot the‘V

' ’,Hprocess approach to the teachigg of elementary science pp;"

&
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. Tneﬁscientists' behaviors constitute a highly g
;g;;complexﬁeet of intellectual" activities which can, be- B
ﬁ;?-broken into simpler activities.o;,lg, . R a

.fgfiJ* Thele intellectutl activities or processes may ‘

-+ be. leernod, beginning with the most simple and 3,g'
‘f;building tbe more complex from.them.gfl:v-b fb.;ifik(
”:ﬁqf,fffa These intellectuei activitips or processesfare
“Ey;ﬁgeneralizable across scientific\disciplines *ﬁ,*;9ﬁxP?

S j(f”*" _ence ot inetruction aimed at having :
‘~q~children ecquire process g}ills can be" constructed

ST T This instruction willﬁﬁ&t necessarily give the _pj o
ST student aigtrong betkgro'nd&in any one. content’ area. 'j_“'
. ‘but will give ‘a genera /understanding af. science ‘and’ -

- the ability. to grasp 'nd study scientific phenomdha

~in general (p 4) e AR SRR

'TFor educators, the second premise is key .lt»isinowkl¢f

N '.t ;

ffairly generally eccepted that“sCience processes can be

Lo

'ffnlearned and that instruction can be developed in or er to fﬁ Lo

'fﬁfacilitate their acquisition (Carin‘& Sund 1980 Gega’\‘»

£

v3j1977 Trojcak, 1979) The process approach, then, is onih

”fin which learning is brought ebout in '“:ystematic wey so-

§

that a child -] performance of scientigic activities, rﬁ:gﬁ” ffgg
sing a wide variety of subject matteg, becomes _f”.ng

'\f’

increesingly complex,.competent, and sophisticated,
- Gegne 11964) also notedathat modern psychological qg\%%n .
}’ﬁg,fstudies ‘of learning and transﬁer of training show that

,,‘._uv

-‘high levels of trensfer or generalizability are not
',‘}gl;produced eolely by practice og a single task or a series
J-{ot nerrowly defined tasks Studies of conceptual vv
"*Lidevelopment in children show that the growth ofatvﬁfﬁw'y
n.ifftfecientific concepts ;nd logical thinking require“fp ‘

coneiderably more than practice df procedures. Gagne fiy”

e .
. @ S - s . M .



£ iper iat
acqﬁired knowledge syould ihwolve'the us e wi
; of terials in many,ditferent eitueA3W,

ctivities required of the«s
ndividual‘s ‘own. interpal processes,irather thanj
“‘being tied’ to sgecific Btimpli;provided'bycthh
;ateacher‘v* 2 s . q. R

2 nowledge but does ndt'propose .

”:that inqulry occurs'withput it._ Gagne 11975) euggests ff?f-ff;

o ‘ two othe:rcOmponents of instructxon important to Sciende SRR

,/.

me

geneta&iZableaknowfedge and inc151ve knowledge Brggp

A,___

generalizabgp knowledgegcan be thoughﬁ of as knowledgegof gfa

PR R ._'.. g

principles?vv'--'* e

Knowledge of principles is not what is usually PR

- referred to in a deprecating mannexr As 'knowledge of R
mereifacts,‘ ‘nor is. such: knowledge besq acquired S f
" under conditions of /sheer repetition: Butaknowledge Tt
soTwenlo o of principles is prerequisite to, the successful S
‘”9{f oA ptactice of techniques of enquiry ' (p 90) -
’ Incisive knowledge prov;des the capability of

discriminating between a good idea and a bad one'ﬁ"

-Enquiry which cannot be checked agaﬁnst estimates :
a;~that_gypotheses are probably- good or probably bad
will undisciplined enquiry. . likewise, the
. ‘practice of enquiry which lacks. the discipline of:. .
coLo L self criticism may be. expected to 'be of no: positiue
7 value-to the: development of the individual W e e e
Sobes (Gagne, 1975. P 98) o : R a'_,q';p S

._____._

;Many of the science programs presently being used in

B

classrooms show the influence ot Gagne s process approach

. o7



"g{

'~thhey also, hOWever, reflect the psychological theories of

'd;Piaget and Bruner The emphasxs that Piaget places on

.the importance of qptive participation by children as -
N .

Vessential Eor their progression through stages of

:ffintellectual devalopment is(consistent with qagne s:

| 'hands-on philosophj; vadence of §runer S . poxnt of

;']view s- sdﬁd\in the aim of many programs to have children'

”Yfleern through 'diSCOvery' and to develop an understandingg

USRS

' of the underlying structure of the subject j Process

i .
broader goals of most currently used programs Indeed,_wAgi -

skill development is thus only one’ componept of the

he majority of science programs developed concurrently
with or subsequent to !ﬁe AAAS programs (Sc1ence—A
Process Approach I and II) can not strictly be conSidered
to embpdy a true process approach to teachlng science,

43

more correctly they use’ n activxty approach, which B

Lo

c empha51zes 1nvolvement of childfen ‘in 'hands~on

experiences

g

?——and develophent of childreﬂ s abilities }n process

4.u[T t?;

Growth And Development of Process Skills in Childreh

A limited amount of research exists on: the grorth'

’Vo v
- e IR .. . ._ R ] I . e
skills. R IRt el

‘A series of studies has been conducted at the
University of Albeﬂéh relating to the abiliq' of

it
-
childrgn;ro classxfy. quahtify, 1nfer,; h

Blackford (1970) determined that a. gi wthJ

l

,tin their"hands-on ' ACtivity—oriented teaching methods ‘ﬁ,e'

4

-y )



;1n clas51f1catxon abllltles occurs between grades onevandlsp
.'three and gradually tapers off from grades four through |
*”;tslk: Addxtxonally, ‘he noted that children in grades one r‘l
m;and two prefer the :rlterlon of” color and that children ftt,i;‘]
'1in grades four through six. prefer the criterion of liquid e
:versus SOlld state when classlfylng objects o
_ " In his study of thi quantificatxon abllitxes of ,‘f ﬁﬂj'“
elementary school chlldren, élldugh (1971) found that a'ﬂ‘
‘rapxd growth ln c%lldren s quantiflcatlon ablllties
?j“ occurred between grades one and two, followed by a -
gradual growth that contlnued through grade six.j
| Plester (!972) conduqzed a study to dlscever the
l average lnference ablllty levels of elementary school
chlldren wlth respect to- v1sga1 and audltory-haptlc

tasksu He determlned that vzsual 1nference ah;lity qu/%ff

e

znérea rapldly from grade one through grade/three and '

o

showed gradual growth from grade four through grade six.

M 22 e

Results of‘the audltory haptlc task suggestedwthat

\

‘Aq‘,. :
chlldren rn prlmary grades prefer dlfferent crlterla in.
A S g S
characterlzlng the propertles of objects than do chlldren‘

1n upper elementary grades

Kl .
, :

”32 Pearson (P975) 1dent1f1ed a general growth in the_-

abilzty’of chlldren to formulate hypotheses as the grade
level lncreased, w1th the exceptlon of grade flve. whlch

' showed a decreased ablllty le‘el This study of

hypothesleng abllrtles was the only study 1n the serles :

to find: ‘a’ 51gnif1cant dlfference betWeen ability levels‘

- 8

s 3 . N



Jehof boys and girls' ThlS diffdfbnce was noted in grades

- 4.three and four These studies offer some 1nsxghts to the
.

vdevelopment of children s abilities in process skills butiﬁf

ﬁﬁg"éadgeneral all that can be said is that children s -
b

ilities to classify, quantify, infer, and\hypothdsize_l‘

e

7;Qhave higher skill levels in observxng ‘than comparﬁng

”;;ido seem to improve, and to grow and davelop throughout
':?the elementary school grades | | |

: Elsewhere in North America,b study of the abilities'"
:of children to observe and compare (Dietz & Barufaldi,,'

’ :L97S) revealed that children in all elenbntary grades,_

Efforts to determine factors related to science

e

= §;process Sklll performance levels have 1dent1fied the .

1

“apgcombined effects of age, grade,‘and experience as"

Ai-fimportant (Pettus & Haley,11980 Smith & Padilla, 1977

f;}lTheil and George, 19?6) When studying the effects of
vinstruction ‘on integrated sc1ence process Sklll | |
iachievement Padilla, Okey, and Garrard (1984) showed

| lmthat both sxxth- and eighth—grade children can learn to-{'

use specific integrated process skills They also found

’ that a two-weék introductory unit g% integrated process

.skllls followed by. gne period-long prdcet skill aci?:.vxty‘.‘
for each of fourteen weeks was more favor ble f“ growth
hlin skills than either the two week introduct;‘ :ourse
alone or content—orzented 1nstruction “
iny one study seems to- exist in the 1iter;tur7

-_relating Specifically -3 the process of prediction in

i



""elementary school children Theil and George (1976)23-
ndertook to determine the effects of four variables‘on

- Zelementarf children s ability to use ﬁ&edictton They Luﬂf:.“"

- :1dontified'these variables as experieﬁce, i«nferring °rifi‘f:r o

205139 rules, types. of rules. and the dimensionality °fn5 B

@Hey defined prediction as’ the 'acquired
4;ability3to'use one or more rules from the same or"
_different rule classes to determine the outcome of an,t
event or series of events without prior ob%;rvation of

n;the outcome of that event or series of events (p ISSlﬂ'

- . They found“that for_elementary children in grades three,

Lfour, and five, the skill of prediction depends on "the31-= S

differences betweeh claSSification and seriation rules

;ifand 'the number of attributes or dimenSions contained in’

H.the prediction task' (p 164) : While their findings are

-'3of interest, prediction is so technically defined that it h.“ .
tdoes not seem to be of much real value in helping |

‘:'teachers understand orjevaluate the predicting abilities

_of their pupils

When developing the Test of Process Skills,.Robert

| Tannenbaum (}971) wrote a statement of behaviors which o
3 . :

'nstudents needed to exhibit in order to demonstrate
icompetence in each process A number of tests of process_yl
.skills will be described in the next section, but only
_Tannenbaum 'S0 clearly identifies what constitutes |

competence in.predicting,



SUTOEER

In order for a’ student to. demonstrate competence in l]ftfﬂkﬁ

,pf*using the process of. predicting, he. should be able
- o do the following EEE R

::f'fBehaviors :

2 Be able to detect or: demonstrate trends”in datag
s (presented in many different ways) and be able to oo
;' use these trends to- predict‘by extrapolati&n and/orl_ s
”yinterpolation L - R ’ R

G e R ‘ N BRI
2. Devise and use simple ‘means of checking the e
accuracy df the predictions made e R

3. Recognize and use. pertinent arguments,'reaSons;lf
L or’ principles to. justify a prediction ' R :

N Demonstrate an operational knowledge of the
;necessity for multiple -and’ reliable’ observations'vg
prior to ‘prediction and an unwillingness to offer -

ﬁpredictions in the: absence ‘of such}observations

(p. 135) . .

1:This statement is intended to describe the behavxors of .

| lttmiddle and high school students but, ‘lthough Tannenbaum -

'"idid not so indicate. it seems that it may be applied

| (less rigorously,,perhaps) to elementary school children :

as well .'J; R - fﬁ" n o

(

When discussing the development of children s ideas, S

‘v'Wynne Harlen (1985) suggests that 1deas generally develop

“_fthrough the use of the children s suggested explanation ;§_

“of a phenomenon to predict something will occur and then :

;checking to see whether or not it does She makes a

distinction between a scxentific and a spontaneous or‘i
everyday approach to - predicting, describing a H

scientific approach(to predicting as one that"involves a o

prediction which is a logical result of applying the idea ff

the test o£ it involves doxng something to obtain



relevant evidence (p 64) . The spontaneous or 'everyday
approach, Harlen maintains,f'does not: extend the |
prediction beyond what is already known, a circular )
_‘argument replaces a logical prediction (p 64) Harlen‘vjw
f_sees the development of the process of predicting as;p :
‘flowing from using an 'everyday approach toward using ai
scientific approach f}a}y:jﬁfpf’_ﬂ A 'f*f;p

Evaluation of Process Skills ,~r":'

.-

\Along with a concern for teaching the process skills

in science comes the problem of evaluating the ability

'5A levels of children and the effectiveness of inatructional

methods in developing the ability of children to enquire ':”
The Sc1ence Council of anada,,howevgr, observes that,.

. ,The development of new - forms of evaluation for N
”1science education corresponding to the more complex.fu
objectives is still in its infancy (Science :

Council of Canada, 1984,_pd 4) . ' IR

.;) .

This is true, in Part, because of 1imited research BRI G
R : :
dealrng thh skill development in science processes at

- any 1evel of education,.and sporadic efforts to develop -
valid and practical evaluation strategies for measuring’
the process skill abilities of elementary school children ”p
in particular | . | ,W: e

In 1974, Mayer conducted a study of assessment
instruments in science and found 119 ih%truments for -

s

‘assesSing level of science knowledge, 32 for assessing
- “_) 1}1} - .
level of achievement in the skills and processes of o IRRL

science, and 25 that asses%gd affective objectives of




”,science teaching A review of assessment instruments in.f

. jlerge VOlume of tests developed to assess children R
| ‘tt.inm.nt °£ k“°"1‘490 in science They review one'lgng}"

“’{s instrument that assesses both science concepts and L

“7prqcees development at the junior high level and three ‘fo'

one of these (Fyffe, 19714 was developed for use w1th

lp'felementary school children ‘
o There have: been other e forts to evaluate children sm
iper!ormance in. the process ‘s ills of science Many oﬁ
pthe sc1ence programs deve.oped in the last twenty—five
iyears which emphasxze th development of scxence processAﬁl
1:_skills also suggest evaluation procedures to determine‘
7both content and skill development Nevertheless, ‘an
: emphasis on evaluation of : children -3 content acquisitionigvf
fprevails throughout these programs, regArdlesS of their f':'
>pro£essed emphasis in goals Clearly,.many programs }}l~r”'
i?f;v {available to teachers display great discrepancies betweeni B
.}stated objectives, recommended procedures for‘teaching
; gbthe processes,,and the manner in which the supposedly .
:acquired skills are to be measured The validity of
‘_those measurement strategies which are provided is
'ragenerally supported only by reports from teachers ofb
‘their own experience with the procedure

.One of the early programs that does prov1de ‘a direct

-:method for assessing the process skill development of

‘“ascience by Mayer and\Richmond in 1982 refers again to the;jﬁf"”

inetruments assessing process skill attainment. but only T.;u'



| T S T - , SRR L I
'children is SCience - a Process_éppggggg ' This program .'»-"'

”iprov1des a 'competency measure for each exercise related
e . [} : . !
tto a- process skill.,the measure being intended to assess '

'ffachievement with respect to the specific behavioral
{;ﬁobjectives of the exercise..The measures do measure Lfd
:student performance of specific processes s
l-Unfortunately, they are directly useful onlylin a.

-gsituation where the Science a Process Approach program is

=

.}being used,-and neither the program nor its competency

l measures are in general use in classrooms today »

‘4—,', Instruments have also been developed to assess the

| effectivenessvof‘other programs emphasxzeng process ?: !l;
.;ﬁskills (Allen, 1973, Anderson, DeMelo, Szabo, & Toth,

h-f1975: Hill, 1962 Jones, 1959,.Riley, 1973~'Suchman,‘4
"»1960, 1961). These consxstently show improvements in R
' ‘student performance after the particular program being
':evaluated has been in use. These tests are not useful to"'

-classroom tea&hers, however, because they are relevant

only to specxfic curricula that are not in Wide use.

Tests that have been developed independent of

“/

"‘spec1fic curricula usually measure performance in a )
o ,combination of baSlC skills,for performance in one of the .
‘Qcomplex, so-called 'integrated' science process skills

The Tab%ﬁﬁience Test (Butts, 1964), for example, was ;_

' _.designed to evaluate problem solving in science through'
examining student participation in solving specified
'fproblems. Participants were presented with one. problem,;

;%

s :




"solution that the participant followed was charted and

R R TR .e;.. \J_ L L Do
”Athen oEfered a choice of specific and general 1n£ormation

on. request The choice of information and path to the

':;eanalyzed after the completion of the task.. This kind of
‘complex analysis seems to be effectiye in measuring |
"nchildren s ability in problem solving However,‘it.is Jngiﬁg@g
;;not practical for use by classroom teachers becausev.'"‘ B
special materials and training are’, needed, and the iﬁhﬂ_kﬂvjo¢ .

‘v,procedure is very difficult and time consuming

McLeod, Berkheimer,_Fyffe, & Robinson (1975) wrote f ﬁ';h‘ﬂ

test items for four of the integrated scien¢e processes ‘f;jtyég
. _ st

controlling variables, 1nterpret1ng'data, defining i“";.fﬁifiﬁil
‘poperationally, and formulating hypotheses They :.Q:';fézﬁfi‘
validated these items by correlating the- items w1th the i}?f?'g

children 'S ability to perform selected appropnizte ,7s'3 .§°i44:

‘,“competency measure tasks in an’ experidhntal setting “V;p~"¢ﬁ'}

. AN e

These test items show promise as an effxcxent meahs o£ “‘*‘f,;ﬁﬁ

RORNTIE ""‘"‘-1"3

"evaluating children s abilities 1n the§e processes, ﬁ,%%{;%=‘ ’
I S

.

unfortunately, 1t seems that the . refinements which the '@“

-wauthors deemed necessary before they could be’ used by fﬂ?’if
teachers were not completed o “..' ‘i% "‘:”~ '“-[‘{ "pfh'f’
| "An. instrument to évaluate the performance ofb :1"d .'l:i_i

'children in grades four,-five.tand sifﬂin the skills of ﬁ» f;

,'inference and verification was developed by Molitor and ka,afW
: George (1976) This is a multiple choxce test in thCh‘
" items and item distractors are presented in the form of =

illustrations. This instrument could be of value to o ?



j,'teachers,butlis not'readilyfavailableﬁand*isjuot?commonly‘@gf-"

ol
P

in use.. e o
‘ Tests have also been developed to measure process

;g 'jyuskill performance hy_middle school,dhigh school, and even
| | college 1evel students B The TIPS (Dillashaw & ley,‘.f
1980) and TIPS II for middle and high school students
(Burns, Okey, & Wise, 1985) use multiple-choice items to
t?st for integrated science skills that are non-‘

'gg | B
curriculum specific ‘The. Test of Science Processesﬂ“”'

o

(Tahnenbaum, 1971) also uses a multiple-choice format,

scoring on this test Yields a total score and a sub score A

e ;
r'for each of the processes ‘of observxng, comparrng,

:::i%g' %lassxfying, quantifying, measuring, experimenting,_y,

- inferring, and predicting The Group Test of. Inteqrated

Science Processes (Tobin & Capie. 1982) is intended for
: use w1th students in middle school through college |

Questions relate directly to 12 specific skills used in

~§g planning §nd conducting an” investlgation Berger (1982)

fi? made a rather unlque use of computers to present data and
record student responses to measure changes in the use of-'
¢ the process of estimating over minutes and days These

"ts are not useful ‘to elementary school teachers but do -
;F,fdemohstrate that interest E% developing process skills ql
e "' W

- extends beyond the elementary level of education

Very few of the;tests referred to above have
S :
-

received much uSe yie same time, their infrequent ff

-ush apd use with small sampf%s has not generated
- 9. . ‘

L
T .



"ﬂj The Nature of Predicti_g_iand.Children s K

extensive development or refinement This could be due,‘;igjf:”*

in part, to the failure of researchers to communicate
eftectiVely with the science education community at large

/

'f about the types ‘of instruments deVeloped T might also

be an indication that the tests developed do not address 1ft .

’ x')
the evaluation needs of teachers in a praétfcal manner
20y

no led.e and

Understanding f the Process Itself '

; '%%g Definitions of predicting and prediction refer to

'?f the use of information in order to forecast a future -

observation Considering how this information ‘is”

processed reveals that inductive reasoning 1s 1nvolved in

h predicting Blackburn (1973), in his book concerned WLth S

”1¢‘reason and prediction, discussed what constitutes a vahad

‘ reason for making a prediction by considering Paul’

_ Edward s (1951) justification of induction Edward
‘ stated,» ' l;\, L
. what we' mean when we claim that we have a
reason for a prediction is that the past .
observations of this. phenomenon or of
analogical phenomena are of a certain kind:
... they are exclusively or prepominantly positive,
S _ the number of positive ‘observations is at least
- fairly large, ‘and they come from extensively
'varied sets of: circumstances (p 1)

Blackburn points~33t~tﬁat the 'reason for the prediction
H”does not\have to be logically conclusive but. rather, }
. need: only to. favor the view that the expectations

(predictions) are likely to be fulfilled



'.choose, estimate, predict, judge,‘or take risks and to

Cohen and,Hansel (1956) conducted a series of _;/‘ L

ystudies with bothochildren and adults~de51gne&’to

J‘discover the underlying prfhciples of the way we actually

I"

'qffdescribe the characteristic changes in these activities
>/

durlng the period of devqlopment From these studies

o they concluded that,y‘h'fﬁi;_ Jiff‘»ﬂt‘e _:;f“~,'f7fsz¥”“vu:w

: f : judgments. follow an intricate system o preference’

' world in terms of their predictive effidiency

f=From the youngest child onwards, pred tions and f?“' '

: and pattern seeking, Varying in complexity from. age.

- to.age. On:the basis ‘of this system, the child ' .
 'makes his: choxces ‘He ‘interprets what has happened,-'
'ﬂc*;'decides what to expect.vand makes up his mind what R
ko do. (p 31) : . . _ Y s

;“5vThlS concluSion highlights the complex nature pf the

,growth and development of the pfbcess of predicting in

George Kelly (1955) proposes that each person makes y jf\\\
v.senseégi)the wgrld through formulating personal B

i constructs and testing them against the reality of the _
. 'f?’\;§

'Eonstructs are used for predic ions of - things

'~ to. come, and the world keeps r lling along - and
revealing these predictions to be either g
correct or-misleading. This fact provides the
basis for revisxon of constructs _ (p 14)

'ferelly stresses that straightforward testing of constructs

iR is not only a: feature of . the experimental method.‘it is

also a characteristic of any alert person " For- Kelly,

'Jgg'then, predicting is an integral and extremely important

part ‘of . everyday life._v B ﬂ:'] o ,_ﬂ 1r.:{*$g }

el



‘”fpredicting as a main jom

‘%pfof school science

Tthem to preﬁf’t the outl

.tindicated that this enhanced their interest in the

L gﬁ |

During a case study of the experience that girls

':f?nave in elementary science,,Gustafson (1985) identiﬁieé—

3.““ '«"5..- .

77f;tne girls to those ‘”ﬁ:;fu

‘zof an activity The girls

v

”Q.dacti/ity and challenged them to be involved creatively in

fthe learning Gustafson wrote.w_“rffZQ

v - ,

,But what is it about declaring “in. advance,‘or
,_}r‘foretelling on' the basis of observation or
';fexperience,'which results in- the girls describing it
‘as "neat," 'interesting,' and "fun"? Maybe one. ,
- reason is the intellectual challenge and pleasure-i'
o . as interconnected with the- girls’ preference for
" active participation ‘Another’ possibility is tha?
lifl itself is always. directed toward a future. In
. our’ everyday life we constantly anticipate ‘the
' future and try to-plan .our lives accordingly - We
‘predict social, economic: and political trends: ‘and -
“attempt. to make;decisions about. career, family, and

'dzi'tinances -Perhaps when this characteristic of human o

ﬂ}life is- incorporated into the school science

'program. the-girls are drawn ‘to it ‘pecause it is’ T~;"""

' Nsimilar to an-activity that is already part of their L

'ivlives

'{Donaldson (197€J.concurs that " involvement withfthe _
" .world enables us to "build up . . . a ‘kind of system.'
' of inner representations. the value of which is-to
" help us anticipate events and’ be. ready’to deal with
~ £hem" (p.:67). Perhaps by taking part. %fn hands-on
A.activities, the girls begin to comstruct their own
~  'reality in- a ‘personal way which allows them to-
';subsequently extend this information to other: life
situations and-make predictions about future events

Rl tronally, perhaps predictions reveal ‘the L
.teﬁ«ative nature of both science and life. ‘We can-
.onL make the best decisions possible. based upon
experiences and subsequent observations. A There

;.?' ﬂtino ‘guarantees that we will always be right ‘and .@“

essful. Life and—science~present a challenge to
oqt creativSty. ability to adapt. ang wisdom to “

’’’’’




Ty T g e

-r;a,_~_;~accapt outcémos tegardloss of who or thcy aro °'u39;”g'u s
o' correctly anticipated. ‘Perhapse’ en ouraging SR S P
e s prediction: in Science: ‘class not. only" parallols A gl

ol e - chly actaristic activity of - ‘science, but is ';f:;-.'f" i

Lo e conditutive of 1ife itself.and the $ontativonos:
IS t‘hich we all walk upon this tarth. (p. 59)

. . . b . o - "_ - . _
S -ﬂ_be rocognlzed /a,s a skill coulnonly usoé by ovoryono IR

1;*throughout a lifetime For %hildren, prediction is an __{iLQ'L-

,integral part~of everyday life, and they devolop and fhf«Toqﬂii.

’reflna thzs skill as they mature Ono intont o£ a

oy Cw e

xk-“ijprocess sk111 orionted program 1s that tho child's skill

jﬁflevel in predictibn will ‘be improved through conscLous ;*
. ;.
attentxon to 1t and practice w;th it., It saems most

oapproprlate that the. abllity to—predxct is an-important N

process skill in sczence currzcula

. C~ . :
N . S W Lo e
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y RS ‘-»‘:.p_,,'sign‘ of’-” the Study
’ o3 e, . SR

Y m ' : IR o ‘Zi‘ -

The S gl ‘ e ,hﬁ\ L

' : & | A

'-g‘ ' The population fromewhlch the Sample used lp this -
N oo i P o
's‘.n .-study was Selected consxsted of all the elementary ‘

(A 1

students Ln exght schools,:of Whlch three were from the

Edmonton Publlc School System,vtwo from the St Al ert Ql

¢

o School District ae, two irom the County of Strathcpna -

¢20, and one from the Edmonton Separate School SYStem

(’SL The schools were selected at random from w1th1n each

.

h?tn;‘ system. AA,sample of 192 students;\stratlfled on’ the

<:q4ba51s of gender was selected from the schools such that
2 o2 'q' . . ,w
'~;-.g; -only 24 were chosen from each school Four students were'
: RE

f‘.u.randomly selected from each grade level at each school
. = X
C e usinQ a. random number llst generated by the IBM- prpgram

oy ;;aln appendlx 1. Tﬁis provxded a Elnal sample of 32

' students from each of the grades one through 51x

2

':§1> . Of the orlgihaI 192 students chosen EOr the study.

168 were admlnxstered the Paper and Pencil test, 166 took“
N .

. . part in the Phy51cal Manlpulatlon test, and 163 completed'

the indxvxdual interview.. Table 1 shows a breakdown of
14

the sample by school, grade, sex. and predlctlon tesds

: edministered

28
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| mable'1»' | .
Dlstrlbutlon of Chlldren 1n Sample
i o IR o . -
SyStem‘z St. Albert Strathcona ‘Edmonton Ildmonton TOTAL
SR 46 Coungy . Publxcj _ Separate PPT "PMT -
" school 1.2 3 4 fafs_°6;,7.,y, 8 " R :f
' ‘Grade One.. .- . S R
. .PPT 4 4 4 3 3.3 4 4 29
PMT 4 - & 3 3 33 4 4 28
Grade Two L
CPPT 4 4 M4 4 4 3 2 4 29
‘ PMT 4 4 4 4. 43 24 29
TN e oo e e D e e o '_..__.__—__...__.......__-.:‘ ____________________ -
Grade Three r ,
PPT 4 4 4 3 34 4 4 30
 PMT 4 4. - 4 3 3 4 4 4 30
_—_,‘__; _____ 1-_ff; _______ .f(;___—_____ e i e i i = e i e e o o o i 2o o o o e
Grade Four. L ’ p
~ PPT . 4 4 a4 4. 2 4 2 4 28
: PMT 4 4 47 4 242 4 28
e s e e e i e e :-———————-'-—‘...;———_———u———-'————g-..—_—_—'—._’—’—————'
Grade Five . 4
PPT 4 4 4 4 3 .3 3 4 29
PMT 4 4 3 4 3 3 3. 4 28
Gradé Six , ' o
~PPT 4 A 4 4 0 3 3 23
4§ PMT 4 4 4 4 0- 3 .1 3 23
- Schbpl Total 3 -
“PPT 24 24 24 - 22 - 15.20 16 . 23
PMT 24 24 .22 22 .15 2016 23
o . B
" Motal N - Paper & Pencil Test (PPT)..... el e....188.

- Physzcal Man1pulation Test (PMT)......166



'”Instrumentation

' -of interView questions were develo

30

Two separate tests of predicting ability and a set

ped for use in this?f:_r

f_study ‘ Each test needed—to meet the definition of

predicting described in chapter on

e and had to relate to

the hiefafchr‘.I_d—yelopment of intellectual processes of

——-—~—45agne s (1965) process approach
_in this study prOVided children Wi
':'make a series of obsetvations from
Tibetween relevant variables could b
;3>ould then make predictions of wha

'would be

Both of ‘the’ tests used
th the opportunity to
which a relationship

e inferred Children

t a future observationﬁv

T

A The PenCil and Paper Test of Predicting Ability

S

YCODSLSted of 48 questions selected

from items in the

‘.'Abstract Reasoning ubtest of the Differential Aptitude

Test (Bennett, Seashore & Wesman,

1972). Each of thev

‘questions conSisted of " a. series of four draWings ‘in which

, a'dynamic change seemed to be occu

rring in part or parts

of . the-figures— These' question drawings were the .

Asource of observations from which
';relationships and predict' the ne
..sequence The child indicated the
‘choosing* from five 'answer figur

"best represent the Hext step in ‘th

t

the child could infer

xt step in the
prediction by

es, the one deemed.to

e series of Tigures

stopwatch was used to. measure the amount of time required

by each ‘«child to complete the test

'intended to be a test that. could b

S 1

This test ‘was

e easily administered

.A' |
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g

'to ‘a group in tne classroom setting ' A‘copy of ‘the test .

Hf'is 1nc1uded in Appendix 4 »"'7_3f',

The Paper and Penc11 Test of Predicting Ability was f;'“

L 3
-not- substantially different from tne 'Abstract Reasoning

Tjsubtest of the Differentl&l Aptitude Test from which it

'.on the Paper and Pencil Test wrth scoreé gh ghe Phyg}cal e

"the_predictiv“ yalidity of the Paper and-Pencil Test .

’maintain more or lesjf

a‘

"awnaﬂtherefore ig,can ngaSOnably be conejiered tOwr

B ~é‘

23 "A ?1

s
)

- . S R
;was intended that corref%tions And comparisons of scores’,.‘ .

’Manipulation Test would contribute toward q’tﬁblishing

A

4

- tnat children were involved in the Qaferving and o

blmanipulating of materials thfough a series of operations';
‘intended to;ﬁirizt their attention to relevant variables;"'

u Children were- than asked to make a prediction abéut the R

. !’ . . . 2 ’
o) [

same materials in,a different but closely related

RS

.”jsxtuation For example, in'the weights and spring

e

-actiVity, the children were asked to identify the<change

N

“in p051tion of the bottOm of the sprlng as weights were’i

': added to it Then they were asked to predict where the

bottom of the Spring would be if a weight was removed

This test was deSigned to measure predicting ability

. through immediate evaluation of behavior and of answersv

agiven while ﬁh@AChlld was actually engaged in the process

5

’

of predicting The tasks used in' ghis test are
adaptations of the Individual Competnncy Mealuree ’;°;“Q

’ bl

?ie same dﬁgree of reliability gltifu
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~identified as" measures of predicting ability taken,frOm .

o pe?the Science a Process Approach program }_ These tests are !i
'probably the most valid of all tests of the process of
',predicting because the child actually performs the'
fgprocees under supervision (McLeod, Berkheimer, Fyffe,band R
Robinson, 1975). h ’i;fp P '," ':31'_5 ' :
An interview was deSigned to explore children s.

5understanding and knowledge of the process of predicting

The interview was scripted with five general questionS'
'guiding the dialogue The questions were

:,1} What is predicting’

t Do you need’ to use or hnow anything to make
%:a prediction’ S . -
iﬁif;; Do you do- predicting at school’
4 Do you do predicting at home°
S; Is it important to pe able to predict’ pwny_ }"
v_orlwhy not’ | 4 o

AAlthough these questions sarved as‘the framework for

every interview, other quéﬁ%@ons were'used5to-pursuj“

deeper understanding of the responses ¥

T
.

-
'f‘ﬂ

ch child gavg

3

Procedures.

PenCil and Paper Test of Predicting Abillt!7 The;’

pencil and paper test was given to groups of eight to .
fr twelve students in a spare classroom in each school fvThe
R - TERER
rchildren were shown two sample questions and givan

"instructions as to what was required to answer each

question on the test They were then encouraged to



“”L ;to the group and they-were seated to begin the test ”_:'7. ?

‘ _ iy aa
'thoose an answer for each sample question in turn and ‘
71hdividuals were asked to explain why they chose the

_answer they dld The timing procedure was then explained

Oy

' thsical Manipulation Test of . Predicting Ability

'The Physical Manipulation TeSt of Predicting Ability
' 1

,con51sted of seven discrete activities This test was -
administered to students 1ndiv1dually As far as
possible. a common pattern was followed with each child i

After the child wai greeted and the reasons for tﬂ%h« e

‘ of a tape recorder and score sheet were explained the B

B recorder was turned on and the Chlld was questioned about

"Lpersonal data such aé age and grade It was intended
that this time would allow the Chlld to adjust to the -

'_testing sztuation The individual activities ‘were then

- ')

carried out The dialogue was guided by a standard.

K]

'-prepared scrxpt Although thq crqtial questions (for

*

-_scoring) were standardized, osomehhat f%;xible approaéh

ully explore the interests and

‘was used in order to mor £
S us 7

Acomments f individual students ,‘v‘ _.‘ "“_ 3,w fiz 'rh#'

‘vities, the general

r{\.

fFor'each of the seven ac

procedure 1nvolved either the Chlld or me in performing a;ﬁwl;

series of manipulatidhs on the stimulus materials during

iwhich the Chlld could make observations that could lead aJ?'
' 14?’ a

‘to inferences and apparent relationships between
stimulant materials After thlS information gatherr g‘
B phase of the activity, the child was asked to predict the*

\ o
) e . . . - - i

...\




‘;behavior or qualities o£ parts of the stimulus materials'

°

-.Scoring :

T

‘5in a related situation ' Finally, the child was asked to
tj.justify ‘the response in terms of an explanation of the |
f:relationship operating A 1ist of equipment and a
f‘:comprehensive description,pf the dialogue and o£

_ procedure for the activities can be found in Appendix 5

The responses of children and their behavior during

the activities of this test were recorded on a specxally

»:.prepared data sheet P A tape recording ‘was also made

during the test to provide a supplement to the written

‘record

?The Interv1ew . The 1nterView was conducted with

each child at the completion of the Physical Manipulation>

"-Test., Responses during the interview Were noted on aA‘

‘record sheet and tape recorded to facxlitate later

-

"interpretations A copy of the 1nterview questions and.

record sheet is included in Appendix 7

R A

The Paper and Pencil Test of Predicting Ability_

f'The Pencil and Paper Test of Predicting Ability was

ifscored according to the key in Appendix 4 hThe'

predicting ability speed score was calculated by div1ding

the score from the Paper and Pencil Test by the number of

seconds used to complete the test

ﬂ The Physical Manipulation Test of Predictigg

ﬁ; ilitx The evaluation of each Chlld s responses during

the seven activxties in the Physical Manipulation Test'f~

.
>



was deSigned to mmasure performance in three closely
_related areas of scientific proceSs ;accuracy of

*vobservation, predicting ability, and explanation yFor?,,

"fthe prediction and observation type questyons, responsesilv

"fwere scored simpl right’or wrong Thosewresponses which .

were considered explanation were scored, somewhat

_ subjectively, on a three pOintvscale iz,li ~or 0)
‘»according to the logic and completeness of the
i'explanation For example, during the'magnets activity,

"%.children who placed the correct two objects in the group |

l’designated as "things that a magnet Wlll pick up and

‘»,said they 'didn t know why or ”just thought it was

: right' when asked to explain why they had chosen those‘ ,

"Vaobjects,,received a score of 0 for explanation while

‘children who said. they had chosen those objects because"
,'they seem to be like the one that was picked up by the
ymagnet before' received 2 points for explanation | |
| 'Appendix 6 contains ‘the scoring criteria for each
‘:question, and the values assigned to different responses
‘-Although these values 6hy seem rather arbitrary, they
F;were dictated somewhat by the conditions of each
;'aCtIVlty | No attempt was made to try different values in
1"scoring the test because Kellough s (1971) study had
"ishown that alternate scoring procedures yielded _ |
jessentially the same results Thus the system degcribed
'iin Appendix 6 was chosen as being representative of theA

Al .

- scoring ability of ‘the students for these tasks :



N during the testing.

m S
. L B N . ) ‘36
The Interview -Results of the'interviews were :

grouped by grade level and served as data for a’
descriptive interpretatipn of children s knowledge and
'understanding of the process of predicting | :

. 'I'he Pilot Study.

A pilot studv was carried out in. February, 1986, in:-
_;ordhr to maximize eff iency of the main study This was'_tl
; conducted with children from,a school not involved in the.
main study
The pilot study involved four students from each of-v‘
grades one, two) three, five, ‘and six,-and three students‘;'
in grade four ‘ | N |
"The pilot study was undertaken to determine
l.: the length of ﬁime required for the
administration of .the Physical Manipulation g
'ePrediction Test: = - -
2. .the levels of diffiCulty of . each test in order .
- to ensure differentiation of: predicting ability
within and between grade levels—-assuming that a-:
'g ibasis for such differentiation exists.
3;. the final form of the #nstructions for each
est S f‘ o .; |
{{g the final form of each measuring instrument,s
" and, »i ‘:h : | S v °
5. the”administrativ$,prﬁblems:that'might arise‘
J o :
N o
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abiligy scores

s .. . . . . -
: . B . .

The experience of the pilot study showed several

things S “.g;_; __~,_', 5'-',*'-;.4*.{n

'1,f The time needed for completion of the Physical‘

« -

Manipulation Test varied from ¥5 to 25 minutes‘f_‘,

‘.fdepending on - the individual ;hild

2. Students from all the grades were able to p e

. attempt aach of the tasks of the ﬁhysical

Manipuiation Test . with little difficulty However,

NP 5 T O
labels and units of measure ‘had to be more boldly
. ) ‘(W.‘ N
'displayed bqfore the younger studente took note of
. . P : . : '-‘f‘,'.”.
_them o T . s U

3. A small room with a large table and fewp3

‘distractions was suitable for administering both &

' predicting abi;ity tests ' Groups of eight ‘or 1ess

-'were found to be preferable when administering the

”Pencil and Paper Prediction Test ‘ Students

"responded favorably to having the interview for the
Phy51cal ManipulatxOn Test tape recorded. o
rﬁ,f At least one week is required to receive parent
and child consent for partiCipation in’ the study, |

.cand one full week is required to complete the
_testing of four students in each of grades one f
throuiﬁ six. | Tape recording the Physical : '
Manipulation Test was found to be necessarv for
accurate scoring " -

Resuly f the pilot study showed an increase ih

cross grades one to six, “with the

E]




"rexception dﬂ?grede £Our ' The mean'scores by grade of ‘the
three measures is displayed in- Figure 1., Concurrent‘f
Tzobservations of students performance on the PhYSlcal
‘.'Menipuletion Test also suggested a discernible growth in
:'““}predicting ability of children across the grades and
E suggested there may be some important differences between =
'the two tests being used The interv:ew also seemed to{
'gaaakﬂproviding information that could be valuable in
u gaining insights to children s understanding and 'f"d

'_ knowledge ot”%he process ‘of predictingv These findingSf

- encoureged me: to: proceed With‘%he'main Study

e .
. 0

70

-
(-
1
-
-
-
-

’p,mef R
.a. PepP - - . ".0 SPEED

\Figure l - Mean predicting ability scores by gradex
T (Pilot Study)

i
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The Research Progfam

The research program was carried out between March

' 10 and May 30,11986. The program was initiated after

review and acceptance of the proposal by the ethics*
committee of the Elementary Education Department.
University of . Alberta, and by the Centrel OtficeQ

personnel of each school district involved in the study

Each princ1pa1 of the eight schools chosen to

partiCipate in this study was contacted approximately one

' ’f_month before I hoped to enter the school The support of

~ school stafim

4
fo the study was requested and granted by

YT

each schooleT&@

" the information letter and permiSSion slip to students

’selected for the study at least one week prior to my

appointed arrival

I travelled to each of the eight schools involved

.39

nc1pals were then requested to deliver o

eand administered the two predicting tests and conducted'

:"the interView with each Chlld chosen for the sample

,,This took approximately one week per school A flexible .

fschedule was- established/d

school and teachers were consulted regularly throughout

gthe week to ensure‘minimal disruption to regular classesgf



Sra teot,-pred%cting ability score -on the physical

| f;ﬁmanipulation test. and predicting ability speed score:

Chapter Four - >: S S

Results of the Investigation'ﬁ

The reeults of the stati:tical analyses which

"yielded data on each of the hypotheses are presented in .

' this chapter along with the results of the intervxew

{:The calcuiations Eor the statistical analysis weregp

carried out by means of the analysis of variance and*'

"

'Pearson Product Moment' computer programs Members of

>
o the Division of Educational Researth Services of - the

Universxt? of . Alberta ‘have documented and tested these ”:’

programs L S R o o SR R

Statistical Analy31s of the Hypotheses -s""

e gﬂ{f ngothesis 31 There i?ﬁno significant relationship
S
R between predicting ability score on the: paper and pencil

-

This hypotheSis was analyzed by means of the,;-,p,,

"Pearson Product Moment' correlation teohnique which was .
: ;calculated by utilizing the DEST 02 computer program

’;(Division of Educational Research. UniverSity of

Alberta) The correlations between the three predicting
‘ Y B . ,Q g

]g scores are presented in Table 2. A significance 1evel of'”
. ﬂ . . -

flyo 05 was chosen_%yrckccepting or rejecting the-

‘Jhypothesis The score obtained from the physical - T

manipuletion test and those obtained from the paper and )

ey
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“-1n (c) the predicting ability speed scores

ﬁziTheFeforé.iHyppthesis.*1 is.reiectedﬁf

o ,
'f'Table 2 5
ffc,Correlations Between Predicting Scores
L ~ : i’ g i _ '
o _»‘_ B R R R R
Predictinq@ability T 2. 3
1., PPT .58 739 *
. W -" . 4 ’ :
. 2.pMr == 554 *
- S o .
-, 3. Speed = - e
.'Note PPT = Paper & Pencxl Test*>PMT = PhysiCal. _ o
Manipulation Test T o e
g< 01. U e e
. " T ggpe{g"_ e

b oo

~ithe use of the ANOV 16 computer program (Division of

ngothesis 32 'rhere is no significant differen‘

'.A

f'between grade levels inrpredicting ability scores on lay

‘ the paper and penédl test or {b) the physical ".,'

\

'manipulation test, nor is there a significant differencef

Scores relating to this hypothesis were-analyzed byi

'g-the Scheffe multiple comparison of ‘means as’ calculated by

"Educationai Research University of Albbrta) The o 10

’gylevel of Significance was used as a basie for rejecting

..'or Eailing ‘to reject thbsl\fpothesie._Figure 2 ehowe the

 !jg£g>:

PO



TEST SCORE .~ - -

' through six, ;_1J"{ . v; . i t : “f;*”ﬁj‘"

AR ;991~f e e sv:sn .

‘..54 e - \4

‘mean predxcting scores by grade and Table 3 glVes the

iScheffe probablllty matrlces for the multlple comparlson
e 2 :

of each of the predlctlng score means for grades one ’ﬁ

20 1 —r—— - T 7 — —r
. : 4 :

© GRADE -

Fiqore 2  Mean predlctlng abillty scores by grade..




'“eTable 3

ey

Sheffe Probabxllty Matrlces for each o

e

i PredlctlnqAScore by Grade

“:V'Predictingﬂaﬁility{
'TIPeper_&_PencilfTestl

—-..__—_—--_-_———_—-—_—_.’—_

_ , Two Three Four Five Six

' Grade: One . Ti8 1003+ 000 1000 .000 *
o Twor --..826. _ :063 .010 .00V ™
' Three == 0 .639. 2227 048 *

Four N T .= 994,763

' Five Y = .962

‘ SIX . jv L “x -
: “Predlctzng‘hbllxty R Grade * -

{PhysxcaT Man1pu1at1on-54—--—-----_é;_;-__é ----- —————
Test : © - Two Three . Four. iFive Six
Grade: One "~ 043 002 i.000:..00¢ .000

' TwWo D e,ggs 102 044 024"
Three N f',aos..;162 096
% _Four Co " == 1.000 990
Five ; = 999
six
vPredlctlng Ablliéyi" | Grade |

_Speed e ittt et
: i _ﬁﬁ;f%v : ~Two . Three Four ‘F;vei'Six .
Grade: One ] 912 0011 Qoo 7,000 .000

Lo Two - 003 .000 .000 °.000 *
Three _ ; == ,707 .0Vl 138
- - Four: Ve o == 1466 .900
. Five | . -=". .988
ﬂsix K ) : .
« p<.10
“ " |



(a)Results Relating to. Scores on the Paper and R

Penc1l Test & In. elght of flfteen cases,‘t e predlctlng

nh‘abilxty score Ls significantly dxfferent for the palrs of
grades compared The grade one mean score is o T'
significantly lower than the grades three, four, five;.:.,
;'and six mean scores but is not significantly different
from the grade two mean score , The grade two mean: score .
is szgnxflcantly lower than the mean scores for grades o
vfour, f1ve, and sik. Thﬁ grade three mean score 1s.xfggf
lﬂ significantly loeer than the grade six mean score.w There
vfévare no significant differences among the grade four,;

uvfxve,_and sxx mean scores 2 Table 3 summarlzes thlS
, mgw S ) I L c
informatLOnv
- '7‘5
(b)Reshlts Relaexng td 5cores on the Phys1ca1

Manlpulation Test»' Thére xs a gradual xncrease 1n the
R P Q‘Q,\‘ : \-,"
mean predzctinﬁ abxlity*sdbres'from grades one through

six, The grade one mean score is 51gn1f1cantly lower ot
than the nean scores of grades two, three,.four. flve,:'

+ .
and sxx The Grade two mean score 15 sxgnlflcantly 1ower S

six mean score See Table 3 for thls information f»f] o

B . ' . > - ’ s
45: §gg£3 The mean predlcting speed scores incrf from Fal
grade one through grade fxve and showed a slight drop lnﬁa-”
grade six. Exght of the flfteen possxble comparlsons

dlfferent. The




grade one mean score is‘not significantly different from.‘siiﬁ
. the grade two mean score but it is significantly lower"ff”
' than the mean scores of each of the grades three, four,ﬂ 3
it'\five, and six:; The grade threebmean score is- a7;;‘
Significantly lower than the grade five meanvscore but is‘
; not Significantly different from the grades two, four, or
7

.Slx mean scores There are no Significant differendes

among the grades four, five, and $ix, mean scores .3,}7-JV Lo

j.7'-Summar3Lof Results Relatingﬁto prothesis«¢2

| Significant differences in the predicting ability
#“scores were found in many though not ali grade pairings
ifi;Enough Significant differences exist, howevir;‘to suggest
| pattern of growth in predictinglability with respect toﬁ,~
the paper and penCil predicting test This grbwth

l

',pattern was most marked between grades one and4two. (See‘f77

table 3,)‘ HypotheSis 82. therefore. may be rsjected withif

predicting ability scores for;~.”

n-respect to.paper and.pencif

‘;}e and each of grade hree,

I

comparisonsﬁbetween*b-‘

BN

4 :four, five, and Slx,‘b=

grade two and eich of gradeSg'f'

'four, five and six, and between grades three and Six .
v R %
Significant differences_ for %he physical _-_Q.&“.p“

{ . * %

manipulation predicting ability mean scores are found

famong many but not all grade pairings" Those significant
';'fdifferences that do exist, however, indiCate a pattern of
o #
: growth in children s predicting ability (See Taﬁie 3)

'jTherefore. hypotheSis #2 may be rejected with respect to ?

-

"_ h Sical mani ulationr redictin ability scores for



\

' three, four, five, and sixfEm It may also be rejected for

L . : : . o ‘ _ﬂ‘sﬁng
comparisons between grade one and each of grades two}_;};r*.-~’

comparisons between grade two and grades five and 31x,ﬂf7:fﬂh

1*and for the comparison bet&een grades three and six

As with the other two pquicting ability scores,,lt'

g'significant differences in predicting speed scores were

ty

= found among many but not@pvery grade pairing Enough

\

;of the paper and pencil predicting test The growth

'ffpattern was most markedabitween the grades one and two,u

g;' IR <

and seemed to peak at grade five (See table 3)

-‘Hypothesis #2, thereforé may be rejected with respect to

fTsignificant differeﬁces do exg;t however, to suggest a

E pattern of growth with respect to the rate’of completion |

2 e
:fpﬁkgicting abllity speed scores for comparisons between

o ?grade one’ and each 0£ qrades three, f°“r' five, and sik

k : ’ g R
between grade twO*and each of g ades four,vfive, and s)X_J D

'.and between grades three and five

Ry Three Types of Responses

wChildren S Knowledge and Understanding of Predicting

~

)

. ;,:, - .g_/; ’

t

. ‘
R

-

Children S knowhedge and understanding of

,prédicting. asveﬁpressed during interviews, seemed to o

5

came from children who said they did not know what

5.Upredicting is.,and who did not offer examples or

explanatlons that suggested any conscious knowledge or:

‘:understindingfof predicting The second group of

K * N 'l ‘
¥ L > » . . . L .
. * N . . ) . o

'fgll into three groups. @he—first group of responses f,ff'



":{responses came from the children who seemed unclear and

1

*-fwho had only very generalized ;deas about what predicting

i

“ai The examples and explanations these children offered

:~f aiad- not clearly differentiate predicting from other

,of predicting -fv B j},;gt'”i.v’

. ftasks The third group of responses suggested a better -

. ‘knowledge of predicting'and an understanding that is

R &

e~sharper and more conventional ggChildren witn this better
?knowledge and understanding were able to give

‘{:explanations and examples to support their descriptions pr"

'\

Figure 3 shows the distribution by graddaof the.

'number of children responding in each of the three groups

b

’”ffidentified The number of children who said they do not

’Vinknow what predicting is declines steadily from grade one “;fli

through grade four ’ There are no children in grade five f” -
'or six who dld not give some description of predicting

i~_The number of responses indicating a,pet‘?r, more f

0

'“conventional knowledge and understandiégtdf predicting
vshows a steady upward trend from grade two throu'p grade

T FEAN
",

The phys&cal manipulation test scores of children

.‘responding within each of thé three groups were subjected
yto a one-way analysis of variance in order to determine
dwhat, if any, sxgnificant differences in predicting
.‘abrlity are;presentxm The computer program used carries

out a Scheffe . B o
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U © Grade~ level distribution of responses Lo

by tyPe of response
k multiple comparison of means,_and identifles parrlngs.ti";%
i’thet are signxflcantly dxfferent at the 0 05 level "v‘; ggé;
',*_ A SLgniflcant dlfference 1s noted 1n all‘ogse; :
' pThis shows thet there is a. relationspip between |
dchildren s 1evel of understanding of the process of
1..'predict1ng and their predlcting abxlxty It should be‘oi.
npnoted thet a ceusel relationship between understending ;:Q‘

";;,end ebility 1s not being suggested only that they seem <)f.;,

fto be_significently related in some-way. f,ft
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'i”‘ are presented in the following section
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‘_”Jgh the interv1ews highlighted the unique nature of each

; '}l [grades of. children responding with each level of o
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'l‘p Figure 4 Children's understanding of prediction '

- Number and type of response by grade R

t‘.‘_" B

‘;'l,~,d] The variety of responses given by children during'f f -
R .di'child whi%e revealing some common patterns or themes in‘_'g{f'

"‘_zfpdtheir knowledge and understanding of the process of e S

“fi;»fggpredicting Figure 4 shows the distribution within, o e

o Aunderstanding outlined above The individual responses ff: -

7"; of children grouped by grade level and general themes :Af'v



"?Grade One '5 ' ",ﬂil'?t[f
Most children in grade one answered,,'l don;trknow,fz_.“'

whenﬁasked what predicting was but some did describe‘

o Prodicting as .0 S f. l ~ .
-Doing 511 l(inds of thin)gs .
| 'Finding out andcstuff .
;”Doing a project "o i:ff‘v R
'j'hy i;'Trying experimentstx‘jl .
‘Onefzhild said, with a rising }nflection,,,“"'

"'To tell the future”f‘
»'None of the children elabor&téd on how this is done, nor‘}
.1dld many believe they do predicting ‘in school - None of
i“f tﬁe children thought they did\predicting'at home
: ]Grade Two :‘3'5" i

‘ig When asked to explain what gredicting is, halﬁ the

. 'grade two childrea« ansuered.,ggI don £ know

¥ _
Six of thOSe who dld offer ‘at answer were rather

. j'vague and qverly general, saying thatlgpredictiﬁ s
Y . ﬁ '

] L -&3 . o )4 ! -,,"i N L '. |
- Doing Stllfsf _ )‘ .;.M.&? # -
DR R ."Answering questions . R J@
. Qf).. . ‘."‘ 3 . L) ':,,‘.’

_'Telling you answerSJ"‘ S
o A %

yThese children didn t seem to. separaté predicting from: »;"

sany other request made of them Their examples of d°1ng fﬁ =

prodicting included Do 1fi{;f : T lifuj _.‘4r'.;
'Doing board questions

"Reading questions

S

-'Showing your work”[when doing math problems]



'When Dad or Mom asks me something -

Nine of the children answered the question,‘“What is 31”;
‘ A

predicting"'with responses that suggested they have a

.
e ("-.*.
T

better understanding of he process of predicting Their '%u

answers included

. j;” . I : ‘
'Saying something that you don t really know if
'vit s true or.. not - . ) : O

,i'Think about what the answer is then you get it
right or wrong . - )

"To guess what is gOing to happen-
Most of these children felt that you use your brain to
' predict but they were divided on. whether or not you had
to know anything to help make a prediction Not all the
', children thought they "did predicting," but those who did
’offered examples from reading, math, soc1al studies, and
ySCience'in'school They ‘had. difficulty thinking of
examples from home'h Some of their examples were as
follows=»_f?":i | ‘], “‘-C"=',. o 7;;1

""In measu’lng you predict how long it ‘is, then
Fmeasure it to see‘how close your guess was

"In Soc1al Studies we. did a mosquito problem
They had a lot' of things. ‘they could stop it
with-—we tried to find the best way.

> s T *Q'
”Do I have to clean my ‘room? - [She predicts
what will- happen if she does not clean the )
room ] ‘ o o

,"IB science, we - put a little hole and water in
'a glass and see how 1long for the water to. pour
" into the bottle. With a bigger hole wefﬁ
predicted less time .
The children who described predicting with a better, ‘more

conventional understanding in grade two were not clear



.;anbout how predictions are formed but suggested it was;

’,5ﬁsomething that happened‘”ln your braln :Ci;1 57/,,*H'
gs_ﬁe_'r_hses | " L T e

: Only eeven of the 31 grade three children'
¥

':itinterviewed said they did not know what predicting is.
@welve others gave Vague answers such as '

: -Finding out "f'f]'~_ffﬂy,‘ -gfeji 'ﬂiu
'i'Asking questions [ o o

S 'g;
~'Guessing the answer -

’Making something work and gue551ng

' f”'Exa;aining stuff
'.fThese answers were not elaborated on even though children
”-“were encouraged to explain what they meant Most of the
’examples they offered did not relate closely to |

"predicting

'

';f’ A further 12 children gave answers that suggested

:5:they had a better understanding of predicting égheir‘-f'

B : R
. answers 1nc1uded

'"Thinking in your head, not: knowing the
»answers”"

, R ‘ 'Say that something in’ the future lS going ‘to
%, happen.” A
S SR S B

"Thinking of something that might happen

'These answers were explained ‘and’ supported wath examples

o All but four of these chiddren felt that one had to use-

or know something in order to make predictions They

. said that you had to’ "think' or "use your brain. and‘you_'
-:also_had to_ e . t~ .v;, : AR : DR

. ——



fj'Know what they (the materials you are making a

'f‘prediction about) are and how meny things youlpgw"“

£ A'x"v_.-j'."';,think abOut .

:'Know about the things that are happening

o ) 1\! .-_‘. VY x

,;. SLguations in school and home - Some of these %ﬁp as
e f;ﬁpilows:'““' b
. v:ﬁ IR T 50
o ”ég'f“clothes do the Hutterite people -
NG ec‘de, then teacher says wh{;fhas

”Wp think”what s. going to be next when Miss ‘d;a;:”
Woods starts writing on the boarg .y ) SR

k ﬁfn ajscience experiment with marbles When .
. ,one ma¥ble hit-one marble, then one me;ble_hit-
R ..., two marbles, then ‘one hit three , . ~Then'"
S e you do yoyr own, you predict what will happen ”_,-
A jyaed find out. L e
-~ o S

TmIn, reading,.you guess what happens next in theb"h
senﬁence F'f . . .

e

Grade thr;e chaldren with a better knowledge and :63'n"5

ﬁdicting are the youngest in this

)
¥

understanding oﬁgp

1, study to address t'm ortance of being able to predict

‘fAll but tﬂb of t‘ 12 cﬂﬁldren believed it was

-simportant to. be able to predict. although only a few

7f-o£fered a reason why They gave rdasons such as



| ";'When you know what kind of weatﬁbr' you °°u1d
MVprtdict what to wear or what to’ do. _;t;, N

'VVi'If you predict somebody is going to get hurt
. you: should tell that person ‘_.&-_ IR

. 'Cauoe then you can guess what s happening
;{-really fast _ L : ‘

e1f you don't know what's going “to, happen, e

54

\Imight be a big. surprise, like wOrld War Three-jff"

’._or something like that "

929_0_?22.: S e

Only two of the 27 grade four children intervxewed,'ii.f

'f-,said they did not know what predicting is Eleven

'f,offered vague answers, and 15 expressed a better, more SRR

.

: conventional understanding of predicting

Those children who answered vaguely remained vague:ﬁf'

'-even when encouraged tb explain their answer and give

ffexamples These children felt predicting was either o

guessing or 'answering questions ”f f,‘ﬁo‘fpgv;;”~
Children whose answers indicated they had a better o

._'understanding of what predicting 1s, elaborated on their f;-h”

K answers with explanations and examples from school and
home These children described predicting as '

| "Saying what you think is going to happen.

'Telling things about what could hapgsn in the f.

ffuture e ,l__P

°

T"Not really true answering but making an .answer

‘that you don't really know if it 'S true, just
'-;trying to see" iﬁ it's true : _

-f';f*je.' er'Reading the futute.f You say what will most

vv_to "

likely be.’ You 're not. exactly Sure [but] close ;



G

Eip; they felt you needed tor d;fgffwa7V"

'Scientific guess .

. "a"Estimating or trying to’gues
‘t; nappen in. the future '

pat’ #"éqi‘-n'g..':.to. L

These children generally agreed that'you have to 'think""

or 'use Your Prain' to make predictions In addition.}ﬂf7?ﬁ*f5

R

’_f'Know what you re trying to predict
:little sample to look at .

:'Know what the thing is.. and where it s. goxng to __f:ﬁ

vt"-b]”':fnappew,[also], Row: strong or weak it is.:.,_a
P ”'['Know things like about water, metal and
: equations, also science ;Q

'y'ﬁmow_xhe facts

One Chlld mentioned that, 'sometimes' you use papet'ot?’ﬁ

= computers and calculatofs

A wide variety of examples of predicting were given‘:

by these children.»“ Somn of Qhese are as followe

"f; “We use rule;s to get vibrations “We predict
the/speed [frequency of. different lengths]

“"In science we. put a sponge in" a glasshin 1f;;
water W111 it come out dry or wet’“ﬂ';“ S

i"When the cat is out, we predict when the cat
will 3? at the door by when she went out"

',"‘Who is gc’ing to make supper" Mom or Dad""- |

- "In measuring. guess about how much this is and |

" then walked it -

';‘p'When.khe cat would haVe her kittens

i_\\/ﬂbw long lt takes to micro-wave something"-Vt

;'Watching Karate Kid, you predict he s. probably

o goxng to get something



f_'Will I have homework or" not, S0 I can play

o ~after school. I work hard to have no -
~:Hhomework "_- ' : . ;

-

e RS science, preduct wha? WIll happen to the J{I.h

'-'_i'.'eg_g Sink or float?" . _ .

"'Estimating Ln math '.atf

These childﬁ%n felt that bexng able to predlct was g,:

important because"
3 2 ”'fi'Then you know somethlng ;
.:r.f, fﬁgf7}.~1f you. don’ t try and predict things, you mlght
: K ‘never get anythxng ‘done. Sometxmes you jUSt

" have’ to guess at it. LS g

diﬂcan help
!?Q'If you dldn t hib predlctlons, not too many
. __.thJ.pgs could be real SR “
___"If you dldn t pred.tct ~th1ngs, llfe would ‘be
.jborxng L L _ > . N .
?:'If a hurrlcane or WOrld War Three is L
_predxcted, you could be prepared -~ ﬁ?& ti"“s

Grade Five o
v v ; S i : .
3'1ﬂ All grade fxve children interv;ewed gave an answer

to the questlon, ”What ls predlctlng°" Seven gave

answers that suggested they had a poor understandzng of

the proceSS of predxctxng, whlle 19 gave answers that '

R IE

'w'lnulcated they had a better, understandlng
A'l

The seven children who gave responses that were

8

vague, generally belxeved predlctlng meant

o
*"Answering a Questlon

_'Guess;ng._~”‘

_se.ﬂi;

':ﬁ’You could know ahead of tlme fSometimes”it.g"H:f"



'."or,:’”'u_‘“T.t*j-

'Making a chOice.,tf:

:3They didn t feel that one needed~to know or use anything

'.'* .

bjj'to make a’ prediction, and they offered examples which did

'iinot necessarily involve predictin%' such as

"Talking about stuff
'Rounding off in math';:'
The 19 children who answered w1th reasonable
;accuracy gave answers that included ib
!'f'Telling something before it haopens 7= f[f fa
ki"‘Saying what s goxng to happen in the future

':-"Trying to tell what w111 happen and you don t
know ‘ , ‘ o :

hx..‘Trylng to figure out s mething without knowing .
,the answer and by ing s

N

These children indicated,v‘

o use your brain Aor,..:-
f'have to thlnk' to make predictions -In additionf.theyy{ﬂm- :
said- you needed to | | s | o L
',“.?nvy."Watch and listen
.f"See something go ahead of it. ;-v
: L -""See--a Sample. - lﬁ- , I
'°,dlyr:."Know information‘ FAEEET R
r."Know a, little about it Yéﬁ canlusé thefu
',1nformation If you don' t Know, try to
L.resemble it to something you do know
_ : | T%} A prediction to see what really is
WvThey offered examglsswfrom school Shd home that
"inoiuded'f s o :
| | .'pfgdicting'answerslgor.heasurement;f'



o

*We.: hurded a peanut under Ia can of]'water and
)

S B "When
T e

Q preditted if water would heat..f

“I feel oonfident it's not going to‘rain or;xnb
Snow today"‘v(Child then pointed at his light

cIéthing

‘1ﬁ *Estrmating Ain- matn,l 'W%"

'f'Predicting whabjsrgOLng to happen\on the next R
series of a show/ on. televxszon] _y;. Co T

" G ¥io 3

s 'Guessinguwho‘is going to be the next 'super-:j"
-kid'.nert week '(Part of a school recogniti 9

NCAR

'»ﬁprogram f _ ety e S

7

Lo )
AT JJ
.

L 'ff*When me and my Dad ‘were working on the’
-5'45“ oo trailer: will the lights work when we. hook
Cadl e ke up"‘ ST L . .

C(- .?;ﬁfﬁﬁ,

L 9.
9.ty

w

Children who gave a. bette(:§escr1pt1on of what

preﬂicting is also felt that being able to make :

predictiqhs was important. They felt predicting was.

”i;ff“”véttantwéecauSG

2 1
ol

ﬂ'j Q'Sometimes it can.‘ fun, and SO you can
~%. .7 predict the answer and find out what . 1t really a

TP R o
Carto is and see how close you were.

LI f}f"If 1t s bad (the event you are predicting] you
s fjfl;*'ycan try and stop it from happening

‘Sometimes you have to know things you don t
Mnow 'j : oy S

'4A?'If you predict something [that] is good you .
'imake them work better I£ bad you prevent
fit ,'- o Ry

RS J'If I can 't predict, I might think things out;“
.~ . . the wrong way and: make a serious mistake.

: ‘ '._‘.yj‘f'If you don't’ try o predict there l§ no use in
' r even doing it. . v o .

a

r



p"f“igave a description of predicting that suggested theylbad

:;fi’a better understanding -of predicting Their answers,ﬂ'

TRREE i
g s , _.‘ 59 . ;‘;
Grade Six Pl

;f“ All but one of the 23 grade Six children interyiewed

‘iincluded ;~_ ’td“'_:f:f o ;{frp.}.l: 5f;: "‘v;'*ﬁ%{*l

‘ fr'Trying to tell what something is going to do
L based on a study of what it s already done

SRR "When you say something that you think Wil} R f.‘;
Y. -, - happen but. you' re not completely sure. Li}e L

" the: weatherman 'f., el e e

‘f'Guess what is gOLng to happen in the future

.ffWhat you . think will happen before you even trx
”1t out.* Lo i o

'Educated guess Take facts you know and try
- to guess what's’ gOing to happen w1th all the’ S
'things that are going on. : . : Tl
R

These children agreed that you "think*about it" gr

'use your brain“ and suggested that you also have to jj[,?*;
e 4 o g
s “'Study to see. what it does and howtit behavhs
under certain circumstances .

”_:'Use instruments and experience

."s'Think of all the facts you know about it 4
;'Use common sense. o

}'Know the facts, 11ke; what's going on and

“what's in there that might make things

different .

 Grade- Slx children gave a" variety of examples to

“support their description& They were able to think of

fexamples from home and school. Some of their examples

- were



B e 'When I asked to go to the water slides ‘I
AN ;knew ‘Mom: would say yes because she.got paid
- .7 that day." R o : ,

60 7

.,:€]¢-Wou1d I get in trouble ot would I get home 1n’

. time without.- [Mom] noticxng"(Should I go out
fand play wheh ‘Mom, isn t home’) S .

R

'A'f'In math-—estimate answers.

‘;1'If a hockey game only starts One hour beforef

i the guide says a show' will be on you can :
- predict the show won t be on so you don t plan,
. to watch it " ' S :

.\.b

51'When- ou-study, you sort of predict what kind -,f'
Y .

.4of'questions will be on the “test and study foryg

'd‘t;;them

: : ,.-;L'Wheh you make supper you guess how long it
o ,ggﬂwill take. , .

_"In science we predicted what would happen to
the. predatots 1f prey .grew’ larger

'fyff” ;;f""You predict if you can do sOmething before you'

try.®

'U'In science we predicted which jar would have a';ff

"balloon that would rise
“ﬂg'The weather

-‘1"Think of what will happen next i !a story

--'At softball games I predict what time b e 11 be‘#c -

home, how’ long. the 1nnings Wlll be and stuff
'like that "

These children thought that being;ghn:} o-prudict_.

fwas important and offered reasons t$~

"'When you predict earthquakesior.things like
‘1that<there ‘won ‘t be as much damage '

"For a field trip you dress according to the
weather o

,'So you 're safe

'thhis”such-as

'Cause it would ‘be boring to wait to find out T

what would happen next." "“ Ce



Rt G

”'It can be fun qpen you £ry” to guess Eirst.:
~-You can learn from it 1f you guess wrong

"'Then you would know what was going to happen

,fgisj

'-;Taat s mostly what your 1ife is about 'f Lf:fi '

- If there was danger @r trouble, you could warn

“someone

‘,able to prepare for things

The children s comments show a change across the

their knowledge and understanding of predicting

Cere you" couldn‘t predict, than you wouldﬂ t b"si;

grades and suggest a pattern of growth and development in:



‘1:r. .

Chapter Five‘s

ﬂf Discussion of thezaesults of the Study

This study.was undertaken to identify the course of h*tfa

8

fi}development through the elementary grades of children s f ‘
‘ability to make predictions This was to be done by

:siassessing their aChievement on two separate tests-—a
7ypaper and pencil test and a physical manipulation test

-naI hopsd that comparisons of children s’ performance ‘on the

“tho tests would also proVide useful information regarding

; how the process of predicting can be evaiuated g Further,;;F
S I‘expected that insights into children s understanding of
the process o£ predicting‘might be gained through an ‘

iinterview with each child¢

A &

The study suggests the following conclusions, which
s :

'"fwill be discussed in detail in thlS chapter Firstly,.
: children s ability to make predictions shows a marked
| increase between grades one and two,land continues to o

o a3 el
" -ghow gradual progressxve growth throughout the w{j\;;g \

lementary school grades Secondly, comparisons of the
results of the two tests show that both tests may serve
3ffas indicators of children s predicting ability, although

the physical manipulation test would seem to be more'

.‘.' .

:_;useful than’ the paper and pencil test Both tests would

S

,5need some. refinement before they could be useful to ;fﬁ}fj7~"

fteachers In particular, the

cal manipulation test

[N



'finvolved with the world

'x_tdevelopment in children s knowledge and understanding of
,'ylthe process of predicting seems to parallel their growth
.ifin ability to make predictions Children seem to

‘vunderstand predicting to be. an internal process in which

“one uses knowledge to anticipate a’ future event, and to

W

h.regard predicting as a way of being intellectually .~‘f..§f”',

Even though the original experimental deSign for

";»this study did not call for the making of any
.“:observations of the children beyond their performance on
'n_the tests, the concurrent observations I made of -the

”;;children as they performed ;he prediction tasks of the'

Q 3

E phySical manipulatzon test revealed unexpected insight hf””
”Tiand a deeper understanding of the children s ability to
i,;predict This could not have occurred through an |
”'?ﬂ:examination of their t;st scores or a. strict comparison

’ kbf;ﬁheirfperformancejonfthe testSfalone.s The common

characteristics notable in the children S behavior and

- et

,'%'diﬁcuSSion about the tasks were imbedded in a rich"

v“ a R PR '¥

variety ‘of . expresSions that demanded a,recognition of the

‘"’jindividuai nature of the children ' This complexity madev

the results all the more meaningful when related to my

@

. past exps;ienqes Wlth teaching science !ﬁ the elementary

.:gf,.school c&assrobm he discovery of the significance of , i

s
P



‘;these observations of behaVior and of the’importance.of dﬁ‘
» really listening to what children say comprises an ‘v
| important finding in i~tself \ang contributes
‘%ignificantly, as will be seen in this chapter, to all
‘ﬁfaspects of the study | ' R

7'Development of Predicting ilitx

_- The test scores clearly show that the predicting
*uiabilities of elementary school children increase
’_'gradually £rom grades one through 51x | My concurrent g
x“observations of: the children s performance on the :_7;~;
'physical manipulation test support this conclusion."ln
igeneral, children in higher grades seem to work more'“v
'confidently and to express their predictions and
explanations in a more organized manner than do- childrenj"

in lower grades The test results aqu,show that grade

';one’children are significantlY poorer in- Predictingtm byé
ability than Children i“ other grades ' My concurrent ;[" )
'obserwatiOns are: conSistent with t’eSe fesults as well,. ‘t J

"and not only show how they are &op er but,,, as will be U

'idiscussed here, may help to proVidelsome explanation '
; about x e , o - v g_ “‘_cm:;

Grade one children responded €6 the test “and the‘ﬁffff:”

. testing situation quite differently than drd chfldren in

V7 v

other grades Grade one children were more anxious "when

"'they entered the room and were more eaSily distracted
during the test They seemed unsure of what was expected) .
g "

-_ot them, but at the same time were determined to do well

- R . . r




“ completing the tasks 'just like the big kids

”'VlSCOSlty of liquias actiVity, also tended to be

They would seem to forget or to ignore

e observation while making the second ‘or. t"'

At times I became quite uncomfortable with the stress;]u '

that the testing appeared to cause them, nevertheless the

children always expressed great satisfaction about

Grade one childrgn made a considerably greater:'
: o S
number of errors in making observations during the test
P v
actiVities than did older children Observations of
B

s events that occurred quick}y, for example, such as
'1~_observ1ng the height of the ffrst bounce of the ball in ‘

.'h'v'ball and chart' actiVity, were most 1ike1y to be

inaccurate Observations that required children to focus

~on one aspect of a. system, such as was required in the

2.

inaccurate Grade one children ten ed to notice
_‘!.0

rrelevant details and to ignore th i%ain events that had '

bqpn SO’ carefully set up to draw éhe ;Qattention

Another difference between grade ode{l"ldren and those :

f-ir‘s‘t' .

in an actiVity and, therefore, could not compare a

I'sequence of observations to determine a pattern

' On the surface, it appears that these children are

K

B Simply not ready' to engage in prediction tasks fThe~

' characteristics they displayed suggest that their

thinking is. that of Piaget s preoperational period of



‘ :flihowever Donald%on (1978) points out that how children

1bdewelopment in which dhildren attend to: only one ‘v}~;{aT§§e’ﬁ
‘oattribute of ‘an objecg é@ event and ignore all other :; _5T;13
, characteristics and,;t refore,ﬁare unable to cope with v
"changes in a sequence ‘l;‘hiﬁﬁ'"rih'\f f ;1'~f v]d}l;;_.”kgj'

There may be oﬂher reasons for their behavior,‘

‘d'encode a problem makes a considerable difference Ain the&rvii .

i\‘

if'fability to solve it » o

| gIE you want'to solve a problem it is QSviodiiy: R

desirable, to say the least, that you ‘should: be- . .

. -able 'to- register those. features which are e
ﬁprelevant to the solution {p. 103)

- Perhaps the activities included in thlS test were L
vetoo complicated for these children,:perhaps they 1nvolvedf__;_
'Tﬁptoo ‘many - relevant features, or perhaps they were . |

ipresented in a manner that conqued the children in.their-
”ieencoding of the problemlf Reconsidering the tasks and howr
fthey were presented to the children may provide better‘fﬁ
'reasons for their poor performance than claiming that__jy
'apthese children were not ready “to engage in predicting
y | When trying to understand their behavxor, ‘we might
tgalso consider the concepts the grade one children brought
with them to the tasks : Grade one children have really
had very little, lf any, formal instruction in science
’topics, and their understanding about the content and
::econcepts involved in the prediction tasks would primarily
'd-have been developed through evergday experiences These

-‘kinds of concepts are what Vygotsky calls "spontaneous

!



’xf Vygotsky c1tes

g

’f' - Va . . . . - . )
; #It could be shown that all the peculiari@, s of
'-§.jthought qescribedﬂﬁy Piaget,stem frqu he SO
.'Q_”absence of‘a S 'tem in the child*qggpontan.ous R

"_fHe points out that a- child using spontaneous concepts

C makes empirical sta;;’ents that follow the logic o£
llfiperceptions bu do not involve generalizations ;
Eﬂe example of a child in Piaget s

”'fexperiments who sa1d that one object dissolved in water -

'f__because it was small ‘and. another dissolved because it was'

"?.bi' The child is not disturbed by the contradiction,._ o

‘faccording to Vygotsky,,because he does not have the .

;generalization smallness leads to dissolution' in his,

'3;;mindnf"1t isgghis lack of distance from the immediate

one c

«'experience',.;f; that accounts for the peculiarities of

yrxchild.;

ﬂought" (p 116) Perhaps the behaviors of grade.;
fidren owe more to the spontaneous concepts they '

;‘brought to the prediction tasks than to a lack ot

o

'T-intellectual."readiness.

~
N

Grade one children also quite commonly madeuhighly
‘inaccurate predictions and when the two of us 'tried them ‘
' out"ilaimed, nevertheless, that their predictions were.
"correct regardless of quite obvious results to the
’cpatrary The sound'.activity most commonly provided
,pthis situation | Here grade one children consistently iff,:ss

fd%aimed that the sound was getting 1ower as a fretvwas:,r-"

vmoved to make a shorter string : The sound was actually'

RS

oy



?fiFthe change of pitch°in the Héx

3h:interp; ted this as 'down' and 'lower . They displayed

ji;no dilcomfort with the inconsistency between their

Aiobeervations on the two parts of the test J“'“ jjvf_ﬁﬁ,

e&
part of the actuqity just

YR

;'~nfhseconds 1ater 'bThis anomaly was clarified for me when

,\
EEC

_‘so the sound is going down The other children had seen

the tret moving closer to theml and had appagengly

:v'_i.-»i

> )"
This too could be an example suggesting that thhp

vthinking;of these children s is that of Piaget s )

- preoperational period of development,,or perhaps this is / ‘

L ‘ on.

: 'ngv998£sr

hb; whether children interpret differently than adults,f

' example of the pecuii?rities of behavxor that \

describes as occurring wheh children rely on “-\cgf“

K

\"epontaneous concepts The examp‘egalso Seems to show :}f“;'

"; clearly that the children were nterpreting the task

2 -A)

quite differently than I had expected When~discu551ng

Donaldson (1978) suggests that perhaps young children 3f“fﬂ
giVe more weight to cues of non- inguistic kinds because
they are less knowledgeable or co ident about the l}

1anguage than are older children i She suggests that they

o vmay not have learned to distinguish between situations

.'\ .

where primacy is supposed to be given to language and

lituations where it is not Also{ the meaning of words

'lf‘getting higher and the chifﬁ#ezfﬁgg&p correctly idéntify .



is perhaps more flexible for young children than t'or ‘A
older Testing situations tend to rely on the primacy of
language for communication, and assume that both chi’d

and the teacher understand in the same way Perhaps the
grade one children haVe brought an expectation with them Dhﬁ

to this task that predisposes them to notice the mbtion

L

i of the fret rather than to attend to a- strict meaning of
| words | 'gi;;f:’fx;f:fif 'f” i,;lfﬁaﬁ, ,f- - i jkhs,i
Plester (1972) noted that children s ability to L
infer from visual input was superior to their ability to.

) infer from auditory input The children in the task

‘under consideration seem to be relying on visual =
l observations of theJSituation rather than auditory it“$§h~j7
»h observations Perhaps these children are’ trusting and o
using input thatﬂthey have experienced most success with |

N -Oin previous activities This is consistent with |

3. A v

Donaldson S v}ew of the sxtuation .;n': "ﬁz,s""'f;s;;"
'. Beginning in grade two and continuing through grade '
sxx, children made references to preVious experience with

the equipment or to their previously acquired knowledge'

of the content as:oczated w1th the activity As testing

“"\ssay

.progressed through the grades,_comments such as 'I know _f‘

about this ;;r'"I ve seen that before' inc?eased in’ ‘
"l number.j Knowledge gained through prior experience with .
the stimulant materials s&emed particularly important to

‘a child S success in the physical manipulation test

with, £or example, the 'candle and jars'“activity, a . ./
. \ . .. . . . 0 . . . )

ki,



~ chiiabs

. :

S el

e under a. smaller (the sec/ad largest) jar f He replled

"7neg1ecting relevant featuresm

had not been convxnced by prevxous experlence

B

'r(‘,
L that candles eventually go out when placed under jars

fwould always 1nsxst that, under the nex% larger jar, the _*JT

]candle might not go out untll 1t burned away'completely

”;fOne child was so sure that the candle would not jf;f»f*““

'eventually go out, that even after he had seen the candle

N

A:h;go out under,the largest jar, he was very amused to be,ﬁ

‘aasked how long it would take Eot the candle to go out
: i
wtth-knowing gzggles; 'I know a trick when-I see one ‘Itvj
“won't go out under this jar"jf”' S
Driver (1983) observed that when chlldren undertake

;'flnvest1gatlons w1th unfamlllar equ1pment they may exglore g

N

'what seem to be 1rrelevant arpects of .a. system while -

'lThis seems to have‘

‘ t

'candle and jars equxpment... ne Chlld thought 1t was a.

o trick, but others could often explaln that the candle

B went out because there was not enough oxygen to keep lt ;.:

P g .
t

burning "They seldom,_however focused on tlme as a

e variable even though durlhg the actlulty E frequently

:3; asked, ”How lo g dld it take for the candle to. go out’”ﬁ'f_.

Children who dld not focus on ta';tlme it took for the fv

candle to go out under each jar would not have the .
ERC IR : o

»-‘informetion necessary ‘to dlscern the patterg that would,yvt

help them make an- accuratp predlctlon i These chlldren
1) et o
;eeded more opportunity for exglovatioh of an-




3'to change thelr bellefs about how long a candie would

- actxvxty, frequent
13fpoxnt1ng out that 'Itgqa golf ball and I know golf hallsp”'

l"fj”bounce hlgh " Or,;'The bﬁll is hard and hard balls

Lfsuggested by evib

bout' w1th the phenomenon before they could be expectedk

. - s N X . . . o _'I
'burn under a jar l}"-f3 »'y~§[" -

Durxng the 'ball and chart‘ activity,»children whoe

predxcted the ball would bounce considerably higher thanj

'75exp1a1ned their predict;on hy

)

- bouncawquxte hxgh - When Dtiver (1983) consﬁdered how

chxldren 'S belxefs affect their classroom 1earning she

‘concluded that Ah"ll'*

-}q/ft gThese Ldeas [belxéfs ch;ldren have about the‘u

. phenomena they study] ‘influence’ the

'-jobservations pupxis make . in their experiments.r:{
as well.as: affectxng the explanations’ they giveﬁ

'57for them: - They can_ also persist in a: range ‘of

’ ﬂvSLtuations and be resistant to change (p &BB)f |

‘iIt seems that these chzldren brought their own':deaS' |

B Z

'developed from prev10us experxence wlth bouncimgf

nce from the observational partfgf thei

Ve o

':5£§~the test activ1ty, and used thls as a ba51s for thelr

B

,pred1ctxons f, R ~\v,,[ S

'.*:'7. My observatxons of the performance of grade four

chlldren as they completed the magnets' activity on the f

physzcal-manipulat;on test seems to reveal another aﬁpect

of the effgcts o£5the knowledge and understanding that

childrenvpring'to aatasm Children ‘who spoke of playing

B orﬂrdozng stufﬁ at home" thh magnets frequently plated

-

: all the metals 1n the"thxngs‘that the magnet will pick

o L

[

P



-.‘iw‘,

".up' gr- 5& This occurred even though the observational

’Jﬁtasks they had been given in the first part of the .

{

Luf‘actiVLty provided evidence that only one - of the three

| tfmetals in the observational sample was actually picked up

o “

f;m‘gn.tg in school, however, weg‘ far more likely to nod

'”by the magnet.ﬂ Children who spoke of learning about

4

_”confidently during the obServational par@ of the activity

-

h“and make a correct prediction dz the items in the test

'jggroup., Perhaps the children who had played with magnets '5*

i - ,27

~had not had enough opportunity to develo@ a Eull and

",accurate concept of what magnets will attract,-while

‘children who received inStruction on magnets were'

1

dipressly and explic1tly introduced to thlS information N

Vygotsky, however, would suggest that these two groups of

_ch{{dren brought different kinds of conceptual knowledge B
3 L

v with them to ﬁhe predicting task, and that this' ¥

h?differencp explains their ability, or inahility, to apply

.3the knowledge successfully

® f‘e '
,ijgotsky (1962) 1dentifies >

: .,~¢.'~.
two types of concepts The first, spontaneous concepts, -

:?lare those concepts'ﬁeveloped by the child in everyday

experiences,.the second, scientific concepts, are those
e

introduced through formal instructlon He suggests that

li_sceentific conCepts parry relationships of generality or-”s

':rudiments of: a system within them from their inception in

v
'the child s mind The lack of a system in the spbntaneous %

N\

f children, Vygotsky maintains, makes them

e o



‘}fﬁVygotsky notes that;s

ﬁdifficult to- generalize and to- apply to problems.;i"’

‘»]: “the child 1acks awareness of his concepts
" and’ therefore can not. operate with th,m at will

".117ﬁ‘,ff.-as the task demands (p' 106)

"amd to use their prev1ous knowledge ko make predictions. SRR

-:Evalﬁation o? Predicting Ability

fpredicting task The observational part of, t:r activity
: _g,may or may not have changed ;heir knowlqubyyfiwhat<r
: . Y

ﬁdﬁgnets w111 pick up, but the children with t ese i

¥

;;than dld the children who brought only spontaneous

'concepts of.magnetism to the task S
. * 5, -..'.

The mean scores on both predicting ability tests

v

;5showed a gradual xncrease through the grades._although,

L

7sc1ent1fic concepts seemed more able to\ﬂge Observations' S

;"'except in one case, change from one grade to the next was"'°

- "not. significant This raises the question of t&\

“;usefulness of either test for classroom use by teachers._

STt seems that, in" their present form, both tests are ‘Z"”

."indicators of children s pred;cting abilxty over a broad

.these tests seems sensitive to

range.: Classroom teachers commonly want tests to measure

:;yfine changes over a short periad of time and neither.of

1 -

"er inerements or ,tf’
- changes 1n predicting abxlity ‘ .- n;amyn: Senle T

"~concurrent obeervations of children’iiéirtotmahce on ﬁhe e

. N 8o
. R S Y



.

A

~

- %

*,.

context within which childrﬁp make predictions is 8
critically important to their achievement This factor

.h?

items

S : ‘ § : _ R 74._.2
physical manipulation test suggest that the conceptual,. i

' muet also be considered in designing andﬁchoosing test f"

: Information supporting the predictiye yalidityfof.?f“

the paper and pencil test was derived through

correlations of the scores on the paper and pencil test

hj_with those qf the physical hanipulatlon test

'._ + .

h to enter into dialogue with each child Through this ”gc

"y,
N rtheless, the experience of administering each test

and adhlyzing the rgsults demonstrated a éreat difference

in their potential usefulness for teachers. Scores on
o y

the paper and pencil test actually tell very little about

the dhild th‘%é>scores may indicate a: child s EOSlthn

within a range of ability levels but offers no ,1"

- :
\ T

information regarding why the child is performing at that

level and no-. iﬂformation ahout the nature of the child s. ﬁ

performance ' without the potential for prov1ding this p

e 2; .

usefulness to teachers f7;>t‘ ;}v -

Administering a physical manipulation test such as

." kind of information, he test is extremely limited in ltS"

he one used in this study, on the other hand, allows not

- \

‘f dialogue a teacher can learn a great deal about the

-

8 only an assessment of abi;ities but also allows a teacher j‘

nature of and reasons for a child s performance on the_~g7"‘

teet. Learning“ out tﬁe knowledge and previous fﬁf
A B I s o

1Y




'Jf?f experience that the children bring to the test, th@
ttfreasons why the children make the predictions they doiai
‘i'and finding out just what attitudes children have toward }-ﬁ&‘ﬁ:'

h}fﬁggfthe activities, adds depth and meaning to the teet
jfscores._ This deeper understanding can enable a te‘cher

*gto respond in a helpful way to the individual needs of

'the children, and can also be useful in making general o’; R

'lcurricular deciSions Decisions regarding the-f" '

":weffectiveness of previous lessons and potential""
‘;tfusefulness of specific lessons gn the future can be

N

"s_facilitated by a better understanding of each Childu n

s

I
S v
~fcontrast to the paper and penCil test} the physical 2
3fmanipulation test can be useful both as a source of \
‘:information to aSSlSt with teaching deCiSions and as a
’hway of evaluating the predicting abilities of pupils S

| The close relationship of children %3 past 4 o

’jgxperience and knowledge with their achievement in the
{physxcal manipulation test is evident in children s,,/
:'performance on the test Wﬂen completiné the:'candle and

“ R
,'"jers activity/ the_

’s previous experience and

',knowledge aﬁfected m

focused on during the
P i

fkobservational parti'f o actiVity and, consequently,;s.““ﬂ.‘-ﬁ

N
-

'_affected their succeu,__
’?-and in giving a clear exp anation of thiﬁ predfstion

.,”s¢milarly, thelpreviOus knowledge children brought to :

o 'magnets actiVity, and perhaps how that knowledge was

4‘

“;;dacquired, seemed to influence the accuracy o£ their



predictions in this activity When revieWing inference _;.j';;f5
test items on a test of process skills,_Molitor & George'ﬁf'"

(1976) noted a similar effect and suggested that

lf?.iApparently, when the [test] item has cOnceptual yuf
"5 content of ‘a high. degree of familiarity, a- B
T student. will rely on. past experiepce ratner

| ayk;f'than collecting data (p 4%1) ?a-_--. ‘
Efforts to develop a content free test of the process of
o predicting seems contrary to’ thls close relatio&;hip '

‘ihildren s knowledge and their ability to-wV

predict In commo':experience,_the-process of predicting
.
is not pradticed outside of a conceptual context, and

| would be most meaningfu!ﬁy evaluated w1thin an

.ﬂ-appropriately Selecteé conceptual context . This means,j

pernaps, in somethin"~other than formal testing f’f;g
'situations Jean Beard,(1971) came to a similar

Y conclusion after developing a’ group acnievement test for

' “‘the procesSes of measuring and CIaSSifYLngﬁ She asked. 1ﬁﬁ_j;b
g If Science teaching is moving toward more L
- __‘vg-ﬂ.:g_,student involvement and representative ‘natural
L phenomena,-shouldn t science testing: estimate .
SN e _achievemgnt from: ‘more concrete testing DR
A ,situations’ ‘(p 183) ' L

CaE
e

Harlen (1985) suggests that 5‘11 ;Jiggxi
=giEach [process] skill has ‘an. influence on “f'fﬁf;
'.'performance in- many activzties but'. in’ no -one. T
. activity to. such an extent that" one could. say~' Lo
. if a“child can do: ‘this 'then: he’ ‘knows how to ']z
'interpret information, or how to. hypotnesize.se
‘or  whatever. - Process sKills have tobe: built
. up by’ continded ‘use: in-a wide range of
. activities. ® Similarly, n
to be ‘agsessed by gathering ii
r use in this wide ran‘e of activities

}A‘ e e



. cu s Lo
v i .. kS Sy RS

't;“Harlen emphasizes that the classrobm essessment of T
S .'J, 3 . ,‘_ i "-__,' . ‘
.chxldren s abxllties 1n process skills can not ‘“ﬁf klfilé.

R = o

"r“;effectxvely be achieved through tests Instead/éghefﬁ T

: ‘”fsuggests. teechers should gather 1nformetion ebout

'jfﬂbe a. more meanLngfuL method of ASsessiag children s
‘VEffability to predict than diﬂ the paper end pencil tpst

N Fiﬂpﬁpcisely beoause it is designed to be as closeues ‘fgh

. \,{

‘Y‘ i o - «.’

'children s d velopment‘ﬁrom the skills. ettitudel, an

-‘ -‘~.

_; concepts thty drspley in normel ectivities Perhaps the ;QEQ}VH

:xphy51ca1 meﬁxpulation*test used in this study prov.d EJ

) "

vﬂ.‘-'.:__f-
H

Lﬁf_possible to’ chlldren s nqrmel actﬁvzties fn school . 'f%:?,¥f"¢

w];:science As such. lt approaches what Herlen has F{

., ,,.'

N
‘i ldentxfled ;sfefpractlcal way for teaéhers to assass the j;;fﬁf;
fdevelopment of chxidren 1n process'skills _ .i;. '§i‘. | ‘é}u{

‘ AThe predict;ng abillty Speed score correlatedwx f:;;:i 3.‘

o S <

: ‘idsignificantly.with the other two predicting abilit¥ gﬂt;f'g;f
;vscores, indléating that thisltoo might;be a valid me;sure'ff”?

DR & s
. of Chlldren s pred;ctlng abxllty Conc%Frent‘——~*~‘ e

"iﬁobservatxons of thélr performénce dpring the physicel

"of condltxons end in fact mey be,en irreleva

“manlpulatxon ébst hdvever. suggest that the speed.et

\'~ -

fiwhich ch11dren ﬂhke predictions is reguleted)by a variety
t verieble

"’to use when assessing chiidren s predicting ebLlity

:jh;SOme children seemed tolhave difflcdlty understandfng the»

'Hfactivity and needed ailung time“o work through to a,
.predictlon, other ohxldren used an dquelly long time in

ﬂh:order to do a thorough end careful job,,even though they

S R AR S L N LT



-~z

hfanother grade two boy in this activmty who made a
‘nthis child was asked to explain his predicﬁ n,

't:observational;part of the actiVity and how that had

v .helped him choose the letter M. for the height of the
‘?

d

T

‘.

fg,some children worked‘very quickly. apparently because

—_—

7]chooee arbitrary‘answers just to be finished, or to -

3f;p1ease the 'teacher' ' Others worked at the same quick

",,od‘_.

3athe grade ‘two boy. who, while completing the"ball and

.:chart"activity of the physical manipulation test..-

“rfpredicted without hesitation that the ball, when dropped‘h
. e ,

\

I“v

'f'is not only a good prediction in this case but is also

“T-the 'right/answer"- When ; asked him why he chose M,~

. 4

e though. he' responded deii/gh‘!‘-edly) "M is my favorite

1etter" This can be contraSted with the’performanc&"'
IR - .

ﬁ

f prediction mucn/more slowly but stfll accurately When

he went

Tl_flinto great detail about what he had noticed during the'"'

%

2

bounce.f 1t seems reasonable to assume that an equall?
i S s

wide range of conditions might affect the speed at which

children completed the other actiVities, and even the

n,'L?.;'ig”f}t ARSI
, were having no apparent difficulty On the other hand.-._--

‘ hey understood little of the actiz&ty and were happy toi'f
'ffjepeed because they had (at 1east, seemed to have) such a.i

iclear understanding of the situation that they were. able,f

"~ to. make predictions immediately Consider, for example,- jpivf'

' from the designated height: would bounce to the letter MJ

'jfon the chart " He- answered:Quickly and confidently,,and M



":;?paper and pencil test If this is so{ the predicting

EETE

'7"ability speed scores are, quite Simply. meaningless
ii}ﬂ Comparing the mean scores on the physical ‘ S
d:manipulation test with those of the paper and pencil test |

1‘7reveals that the children consistently achieved higher
-scores on. the physical manipulation test This fact f"fbA
i_along with further consideration of how much is actually

nﬂlearned about the child through the use of each test o
‘suggests that a fuller and in many ways more accurate

-

'measure of the predicting ability of children is gained

B fthrough the physical manipulation test = This supports

athe concluSion of Walbesser and Carter (1970) who studied

'the effects that altering test administration from an;ft“"

¥

'ij.indivxdual to a group form has on test results They

require very lonNsts that assess each skill,..attituue-.

e g”t_incomplete.information

~.concluded that. 'By using the more convenient group

v

vformat tasks,gthe teacher may be underestimating the .

]5attainment of students . Wynne Harlen (1985) would takeg

- ' “f
gthis posxtion even further She poxnts out that

'thoroughly adequate testing in elementary science would« J.
G

e
‘“and concept across a: range of situations : This she RSt o

"FemphaSLzes would Lnte fere with regular instrueqdon, e

R

;ﬁdistress children, and still provide unsatisfactory and

13

>1 Children s Knowledge and Understandi g of Predicting
o The move' from making predictions based only on

ftintuition. with no real understanding of the procegs. as



5‘_happens with most grade ones, toward predicting with

“H'conscious understanding of the process,'can be seen in:

.'t’the increasing number of children in each grade who have

jibetter and better notions of what predicting is éyff':

.:fgrade th;ee almo t half the children express a

. continues to inc

3

B pattern of growth ?nd development in the knowledge and

“pfunderstanding of the process of predicting itself

The growth and development in children's knowledge

>

‘concepts

7;and understanding of the process seems to support a.h

°.interrelatedness of"spOntaneous"and 'sc1entific

"He- stated that 8 .‘“

"'rThe formal discipline of scientific concepts

"gradually ‘transforms the structure. of the

"chem into & system; this furthers the child s

.-"ﬁascent to- high?r d°V°1°Pm°nt 1eve1s.' (p 116) o

'i‘nygotsky also expresses the View that ;’

"'School inshruction induces the>generalizing

‘kind of perception and thus plays a' decisive.

- role in making the child: conscious ‘of ‘his own

‘ 7futaught in schooll, with their hierarchical -

. system of - interrelationships. $eem ' to be the :

" medium. within which .awareness: and ‘mastery first S

_ ‘develop, to be transferred later to other = '
‘‘conicepts. and other areas of thought.

‘Reflective consciousness comes .to the: child

through the portals\of scientific concepts
(p 92) . S

%

he development of children s Anowledge and understanding

\
\

\ - L. ‘_ '_ Ky .

| {conventional undqistanding of predicting,‘and this number‘j[»f

ase through grade szx.a Thus we see a ;i.ffhﬁ‘

f,'hypothesis which ngdtsky 01962) puts forth regarding theejf'

~child's spontaneous concepts and helps organizefﬁ'

" mental processes .. Soientific concepts [concepts.;i

Early evidence of the influence of school instruction on’ -




gv\l

of predicting seems to be‘present in the responses“of
i children who expressed a vegue, overly genefelized 2
: understanding of predictingi These children seemed to }ﬂ
ff relete the process closely to school where they were -
formelly requestedlto meke predictions . They expreesed a:

'f feeling that they do not predict et home end offered /é,f
examples of predic%ing in school that included otherivﬁ'”
tasks,_such as bra}nstorming and answering questions.pnu

“; Even with the apparent difficulty these children had in
It, articulating what fredicting is, it seems cleer thet j*;j

their awareneSS of the process is developing through ,l”

s

: ,school instruction Children who express a better, more \‘,,

ot e
R

conVentional understanding of the process gave

' explanations and examples from both scﬁéol and home, ahd

e -
)

‘ffiuldiscussed % ificance of predicting ‘to’ theirllife ”f;!féil

»1

: hg,qrred to other areas of thought and

Children who expness e better, more conventional
- understanding of predicth%g seem to. share severel common

themes 1n their understandihg of the prgcess To make a

.

x

n prediction, one child suggested, one needs to

Know a little about it [whet you are meking a
:,;»;"' prediction of] - You @hn - ‘use the information. -
St TIf you! ‘don 't know. [thgs rediction: immedietely],
. try to resemble it [thg’informetion] to '
fﬁ_something you*do knoy , .

?



'fThis child was expressing ideas about predicting thatif.

'ﬁf‘jseem to. be central to chifbren 5§ understanding of thef*: o

.".-'process Predicting is an intez.ll process, somethingﬂ_v i

':ithat happene 'in your head'~ and, predictions are based

1’ion information that comen through obsquAtions and

M~J¥fknowledge derived from previous experience' When

17ifdeecribing the process, children also seemed to express a-?7”"

Hsense that predictions are about future events and thus

-]'are tentative in nature The child who described f,f:7

':Eﬁ-predicting as"reading the future‘ expressed this qpite'f

:clear1y~ 'You eay what will mos_?iikely be You re not l"'l

.:;.xactly sure [but] close ;t{“f{fi:eqil o "ri

| The examples these children nge of predicting‘
ngzsuggest that they regard predicting as a very personal.fk ;F«v
,s:process | Predictions.‘it seems, can be the«basis of o

}-vdecisions and action Choosing appropriate cIothing or

?Lﬁactivities for the day based on a weather prediction, or

)fpacing work in school based on a p; vcmion of the
: a3 \_"7 .

,g_iconsequences of having homework, are examples of this

.i'llV_v"'-'their world. When one child said, I

’n"role of predicting that children seem to see as part of

their life experiences. L yf.

i;Predicting seems to be regarded by children as; a

7]stimulating way of bping intellectually involved with

-:?u didn t predict

[t

fi'things. ife would be boring,' and wh.n-another said.,f~_n

l.ﬁi'Sometimes it Ipredicting] can be fun : .Ki,.f,’ hey were L

tffsreferring to making predictions in everyday 11f° as’ "‘11

s . -1
AR . B R IS . ; T 2



/;z"”

i;as in formal settings Children with this more e

'*jconventional understanding of predicting drew many more

"d,gexamples from.their personal experiences than they did

s

i ““_?trom those times when they were formally requested to

fﬂmake predictions

St J?*'Th*-fﬂ o LT
. Children also seem to be saying that predicting is
dgimportant as a way of checking their understanding of the

':world around them An accurate prediction is ‘a ’5‘:

"Iﬁ'confirmation that their understanding is correct while

N ‘e d‘
uan inaccurate one indicates they must reformulate thet

"r[understanding in some way Reality. it seems,_is the.f o

R E v ‘3,

‘confirmation of one s intellectual confeption of tn

"ﬁf"~'Constructive Alternativism' that was’ outlined/py GeQrge

"“~'€Ke11y 11955) and reterred to above (p éSJ{ Koily's - ?97”5
| W:chemselves, and that they anticipate the f-'ure;”by

”hfpredictive eff1c1ency of these constructs against _i:."f

”y,persen -] constructs This sense o£ intellectual

/4

The senne o£ pe;sonal involvement in determiwing RS

'what is real that some children expressed is’ rema#kably

”‘similar to the epistemologicalhfﬁb°rY known ad / j‘

"belief is that people understand their surr“‘

'building constructs” about the" world and testing the ‘;39"

H:iexperience _ Kelly would say that reality itself is/the

'”-_confirmation, through the\testing of predi tions.,ot each

‘:7i involvement in detdrmining reality for the individq‘l was "

"fperhaps most clearly and touchingly/articulated by thev_~i

“a . A



";j};terrible when I m wrong Whothcr £or bottor ?r for

P

ur chxld who said. 'If you didn t have

‘Tf_ft too many things could be real

- et k)
“V;l Makxng predxctions, though is not without risk

-one child pointed out,f'It [Predicting] is scary

EI

' f}worse, children seem to feel that‘prodicting is an ::jjf-ﬁfgﬂﬂ

'.f;integral part of thexr life This was most«strongly

‘e

expressed by the girl who sald, "Predicting is mostly

what your life is qﬁl about ' f ']_[”¥h45jL:: g}f”fv;f}'ﬁ ‘. w”



A h:-because they interpret the situation with less attention

b'ﬂto word meanings than older children, and bring feuer

‘ﬁ“;qu;%hﬁf;”ﬁ'ffﬁjg’ Chapter Six

A number o£ conclusions and implications follow upon
this study.u e |

)

: f;f. [P

'v“*';)?/:f Conclusion 1‘ Children 1n grade one are ablq to make

L

"f-ot how they came to the prediction This is probably

/,/_:/

'>x;:'scientific" ‘or. formally taqﬂpt 'concepts wig: themsto

| “_[Vygotsky (1962) stresses that ,fiﬂf: : _ vagi}57v R
: 4;_:_1f-daThe only good kind of instruction is that which
©7 ... . marches ahead of. ‘development and leads it.,it

3i—the chgyéren will make about the activ1ty Thosé'ﬂf

. \

’ugpredictions but have little or no conscious understanding

e ;/‘

ltef;;: o egnclusions and Imp&icatipns of the Study f;;;f

Implications Teachers can and probably should give

vafgr%de one children activities that involve predict}ng

‘must be aimed- not so much at: the ripe as - the ':?,x'

'fs~ripening functions (p 104)

L]

o ':.1’chers must be sensitive, though to the potential that

LY

;presented to them 1n a different way than is 1ntended

~_This sensitivity means being careful to present the

: “‘;activity as clearly as possible, and then botf allowing

;?for and listehing carefully to the questions ane
T e SRR

@ : :
concerné mus% be discussed fully with them in order to

: ﬂfgrade one. children have for interpreting the sxtuations yiﬁ,,

comments o



o ;13.

"r27g1ve helpful assxstance bothrto their understanding of

"ftifprocess itself

'7',ehementary school v At

; fbe intentional,vWithin a ‘m

Sy &

'?gf‘the concepts and to their efforts to make predictions P

L 5

CbncluSion 2:?Children 'S ability to predict shows

"ngcontinued, gradual, progressive growth from grade one
j;f;through grade six‘ This growth seems to be related,to “’:?h
'fﬁgthe concepts they pring with tﬁem to the predicting task. et

nﬁjjand to their level of knowledge and understanding of the

Implications Children shoUld be given opportunitieslgﬁf-ﬁﬁ

ﬂf,}to practice the process of predictihg throughout

east some of this practice should

r‘less familiar conceptual

B

_t_context‘ lf iﬂ 1s the process itself which is to be»‘

n,

”’:practiced, it should be related to knowledge that the
’4hffchildren have acquired either from past experience orf,ﬂx*

tffrom instruction, so that they are familiar enough with

! —

iﬂ"the context to be able to attend to the relevant -
'features i In addition to prov1ding practice in f>

i*x;:predicti g, teachers should explic1tly identify the
1L.process for children and encourage discussion of.how they

"»ﬂ arrived at thelr predictions and of what predicting is.

',Vygotsky (1962) stresses that -;_5_'5';7nﬁl'h17}f_]3.

>-‘ _Scientific concepts [concepts developed through
formal instruction} supply'structures for the.
-upward ‘development of the- ‘child's spontaneous..
concepts toward conSciousness and deliberate
fuse : (p 109) o o




'rfi‘manipulation test Nevertheless; the experien”"’”'H:”:

'f;phyaical manipulation test is a more meaningful test of

predicting*ability because ok the potential for dialogue

witn children and the knowledge of the children that is f'*‘”
gained thereﬁy | | RIS '“-_r,ﬁ“

Lo RN Lo L
.\ ) R

Impricat _ns The paper and penc1l test mayﬂserve as

' Q;an indicator pf predicting ability but doesn t tell

_.jenoth to be prnctical for use in the classroom Harlen SR

i:i(1985) ;mphasizas that t°3§h°rbs need lnformation about ’ _'

_..,.'childron s thinking and abilities,, information that will :
-;._j-‘l.hglp /in “ ,j A R s T r

hj/;, : planning activ;ties at the level likely to ;¢”¥~a3§iff

e _provide a‘challenge that. children can meet, for: S
Sl o deciding ‘how to help: ‘individual children s -
.7 ¢ ideas and skills to. develop, and for keeping. =
RTEIEE o records of progress to use in £uture planning s

“(p 178). T : P
e B S Lo Vh“.‘v;g
'{The physical manipulation test offers better ngJg‘ ,"Zv’ A

'"1opportunities tor teachers to gather tne wide range of
F‘*'information they need to serve the purposes Harlen jjT

-identifies

.‘*(" S "j : X‘..é;‘.,'.".l .e,



T

éd .t' N

Lhysical manipulation test activities engage children inij5'“’

-.'vthe process of predicting, and the questions used in the :

)

.3.1test £ocus the evaluation specifically on the children s S
”:use of the progpss 4 Teachers who wish to assess th;
-d;fﬂﬂprediCtingw’bilitLOB Of their Pupils could involve their dﬁﬂri
.f_pupils inygctivities Similar in dosign to thoso on th. IR

: g,physical manipulation test. but within a conceptual

,”Gccontexts*which the teacner has determined are familiar tofgi”l

Teachers could pattern their interaction o e



“nﬂf;they do in school

”'ﬂﬁ;understending of the process through instruction by

=fléprocess skills either o o
_ Conclusion 7 Children with a vague understendeng of
x;’redicting seem to relate the process closely to what 3;&-

. 'f"'-'.._ e

Implications Children begin to develop an‘;fﬁ@fjh

i*fteachers This supports the earlier suggestion that
.ﬁiteechers should identify the process dE predicting for.,%
‘f?;children ena should explicitly try to enhance their
'Eeéiunderstending %; pred}ctingquf | | i

'”Pu1c°nc1usion 8 Children withja more conventional

_;funderstanding of the process of predicting emphasize that;j;"‘

ﬁﬁj"predicting ia en internal process, whereby knowledge is -

5”]ueed to enticipate eofuture event They seem to regard
:Lpredicting es & wey of being intellectuelly involved withﬂynf_“
7sthe world in a. menner that allows them to check their

‘“fconceptions of it

Crov o )



g ,
13 c

© implies that'

1 e

proccduro: wont

:‘f analysis of to-t



erom i different 23599
a ce'notﬁonly of e?test s'sensitivity to

ch#‘vement levels in pre.

.‘i

ﬁ‘.ebility to provide ditferent kinds o£ informetion abopt

s

_ children.? Ob-erving and interviewing péovided

&
e

”e'unexpectedly deep insight concerning th& tests and’the'

7ﬁ,development of children s ability to predict w It became-o’ |

l

‘fifobvious, for example. thgt one test is vastly more
*intormative than the ether, and that*the numerical scores Lo

nﬁf}ﬁ7j*vhich the test: provide are of 1imited value.‘ It also'5

"fbecame obvious thet children s development in ability to

"vjpredict is accompanied by a development in their

‘;Hknowledge and ﬁ;:erstanding of the process Although the
iconourrent observations and tne intervfews in some ways Q_;;;;.;
hiremained the lesser pert in the overdli design of this ;iilwﬁ

zstudy, it is clear now that the in;ights they provided
Qabout the tests, and about the children's understanding

o

7_predicting and of its role in their lives,-is the ;iiit

?:onclusion that there is a relationship Co

_s prev&pus experience and knowl{gge,



d};iZ) Furthdr reeeerch is needed to develop our

knowledﬁe ’t how to better understand and be more f&fﬁ;ﬂp“fﬁ

sensitiVe to tﬁe wey grede on; children think

SRR &

activity ‘in the physicel mantpulation test Reeearch

b°t“"n inPUt ‘¥rom both sources could enhance our Q]{'”‘

:”:understanding of how children Pr9°‘33 °b"tv‘t1°n‘l
informetion | | |

<’ffl2f (4) During the physxcal manipulation test children

: tended to fall into four broad categories._ Students

of the obserﬁations they used for the pnediction,;{cy.nﬁ";
.fh' ' . .

give a’ statement of the observations and inferences used

. Yo 1- SR

nd describe how they led to the prediction, or*(d) give»

f a rule %hat 1eads to the prediction, such as,:'The
smaller the jar. the shorter the time " No effort was

made during thi§ study to determine what significance, if

required to deepen our understanding of. exactly how

N

ghildren make predictions B
] -QT'_"iS)3 Further study is needed +o provide a more'° Rt
o precise description of how the ability to predict

o actually develops Such research could provide valuable

K e R - N o A N

(3 Qﬁqﬂi one “qgidren showed a defin&te preferenceihgfff,

£or vieuei ihput when trying to make senle ot the 'eound'35,7

"fhvcomparing,how children of this age use auditory and ?”'”*5'1: '

visual input and whet their preferences are when choosingfifp5'

Z_were asked to explain their predictions ; Tthr responsesgsff

”::_'would '(a) reiterate the prediction, (b) give a’ statementp:f'"

[ any, there may be to this variation ' Further research is i‘f



”uﬂjlntormation for progtam"dooisions and ovaluation fffulhﬁ'

't“ffipr codurosg and could in genoralvhdlp to clarify our
L e e

5Wi1§61f Find!nqs of this study hﬁahlightod th. ;4;5;;m5¢* -

“'*fimportanco of tho concaptual contoxt of tho prodiction:?&"f"

ﬁff:talkl that childron undortako Rosoarch is neoded:

‘avactlvitics at spocific grado 1.v.15,3:”

afff”ff*;iff(i) Chlldron in all grad& lovols ovarwholmingly
S chose:’ ‘to timc ‘events by counting Only four ot all th'ﬂ“'ffe,

L4

:ff:tudontsltostao use& -a clock, even though there was ,7i?iloﬁf}
;'?llwayi.i wal clock with -a’ swoep socond hand and a ”lfazaffl?ﬂl}
'ﬁldlgital watch readily available tnroughout toe test:ﬁ ﬁ§£ia ;;1*
;valfonly did childron chooso to count, but vory few seemed Eo l{gjf:
3";f;*bo awaro of thc pace’ at which thoy countod Tha younger Ll

: docrease the pace e

”}chlldron would frog!cntlx incroasofi
*{Of thcir count.in order to £inish on the number Qf
5"°°“d' th‘Y had Prodicted tho ovent would take Even " \X;v’:f

'fbgrado six childrcn variod thoir pace, although not s0 L'l

;_fj;o obviou:ly as tho youngor children : Rosaarch to QXplorei;f.
” 1childron s conq;' ' timo, thoir moasurcpont of time,ilil
“alfand thoir cxto

?2:';i; thio phonomongp._ . B |

| | Tho rosults ot thio atudy havo p:ovided somo insxght

;lconcorning tho gradual. ptogressivo growth and |

S diwolopmont of. tho prodicting abilitias of‘olomontary

L



"”fi}dOﬁigned to better understand how children make

'”'fhow they explain their predictions seem crucial

-“;ﬂprovide important inSightS\inio the child s wortd;;’

“*},fworld va'

"'"~i".;“';predictions, wh‘ t.h’ty make the predictiona they do, and

“’fjijesearch to deepen our understandinq of how Childf‘n

}

"“-f;experience pre¢icting,.how they feel about it. and hOW

:5if{fthey value this and other science gr0cess.s; would

iﬂfstudies would require extensiv’ use ot naturalistic,.‘:;gf‘};_”_}fi."~

N\

‘"ffqghlitative research procedures This reeearch would be
'"E}LOE interest not only to science educators but to all who

.'i~fhope to understand children s thinking and the child‘

T

Such

S






»EfffAnd qpn E J., DcMelo, H,.
1975 Boh&vior objectivos

“ifffScience aducation. 59(2), 263»27? ' ;&, [ S

7_7j~prx1n,.J M. (1960'};ﬂ¢h
~i;.curricu1um Sciente Tcaéher,427(20, 51f54

'ﬁfffBeard, 3. (1971) The dovolop£0nt of group'achiovomont
*'";1”Reasearch 1 ‘
":‘Bennett,er K-, Seashore,,: /G.,;&QWesman, i G (1973)

2:ffDif£erentiai 'Aptitude  Test:
"JPsychological Corporati/p@j'”

"+ science proce

(*nxporimohtal variables: dnd’*’
&ﬁucatlon, 57(2 TI%&-151

ééioncc. foéossgsq;andh R
:1earning ¥rom inquiry-afientad instructional mmtcrialg, *”f’f;”

¥

e elementaty school

i - ) ’

:f?}tcsts for two basic processes Of AAAS - 'SAPA. Journal o£ 3
Science T , 8(2) 4 179-1§§ ‘>.aa R

&

<
]

.Form SM, Nog Yo:k The

7 Attainment ef skxll iq using

_ Instrumentationn methodolagy- and

.. analys: I rn&l of Rasearch ‘in- Scienco Toachin ‘i
"f‘19(3),’249 =280 T T

}

”Berger, C R (198"

v*)‘s (1973)

'"'.fﬂicamnridge University Pres’ e

V*tbalackford, €. Dp.- (1970)

. f‘n introduction Ndv York Longman.‘,,u;

. of ‘elementary school students. Unpuhliihod M” Ed.. o
‘fThQsis, Univorsity of Alborta. Bdmonton~vq ._5 e r,gcﬂj,zf;ﬁ,

“Borg, W. R. & Gg}l M. D. q1983).

.*;]Brouwor, WT”'(IQBS) Procoss lkills -4Thc toolbow of thQ L
©. science. teacher. Alborta Scicnco Education Journal,-”ng r.,;!
f;20(3), 9-13 >ﬁ",';:a~. o EEIREA F ULt

T P o ;;,--



‘. " ! _‘ | i a .. ) . / ., ‘. ‘ ?. 'j)/ ‘. Ry .' .
e o g L o ' Sy T
5 _»Burns N J _C_ . Okey, J R ’ & w se , K C ~{198%5) «" o St e
.”“Development oflan integrated rocess shdll test: TIPS T
SIS & 9 Journal of Research in Science Teachi_g: 22(2), ‘69" ot
Tl T 7 e Sl g

: . -

.._‘_.riButts, D p. '(1965)‘ Does experience equal
ﬁyy'khfunderstanding’ - Sci _ce Teach r, 30(8),]81-82

'ff;Butts, D. P (1964, The e.aluation of probkem solving;j“yj’
L ‘,in science. Journal of Research in Science Teaching,bz,“f 5
Ly SR "'“”'u?",' S S ORI : .'1;g’v-
TN ﬂﬁutts, D.: P Jones, H. L. '(1966)'" Inquiry training SR
e and’ problem solving in elementary school children. s ;X;&
'25.,;j Journal of Research in Science Teaching, 4, 21—27 S

g t AT
‘1/”_Butts.;D P. (1984) . Education research speaks -~ Dare” -
o listen’ Journal of Research in Sciénte T&aching,_,m‘f“'

e 21b6)y 549562 T =~
R Carin,-A Al Sund, R B..'(1980)"'ceaching'sciencé"fi_-jf’
throug dlSCOVQAl _ Toronto Charles E Merrxll '__V*nggy‘,mga_

M~

Clough "E. E. & Driver,“RJ (1986) A study of RVt S
consistency in the use of student's. conceptual frameworksgﬂ
across- different. task contexts Science EducatiOn,33. Ve
70(4$§:473 496,« ol B R f..'.,p

”;7' Cohen, J. & Hansel, M. (1956). ‘Risk and gambling:.The *f,;‘
o study of subjective probability NY Longmans, Green and C
" Co. .

LT e sl o "':";ll 4;{*~Jff]{ L
2% Cole, H. Ry (19725 Process education The'new,;”" R
direckion for élementary - secondar schools _New;i;W>:;f,_1;r
Jersey‘ Educational Technology Publicatiohs S :

f* Cross,. Pl E Gainer, E. L. 11955) . Technique lP C\<
problem—solving as a predictor of ‘educati

adhievement The Journal of Educational Psychology fB, o

183 206 ~vn, R R :

Dietz, M. AL & George, K. b (1970) A test. to measure,.[
problem solvxng skills in sc1ence‘6£ children in. grades o
T _one,.two, and three. Journal of Research in Sciende Lo e e
S Teadhing 7(4). 341-351 . : c S

. Dietz, M. A. & Barugaldi, J. P. (1875) Observation And»wf :
SR comparison of tasks using ordinary and (ﬁ el objects. -
N Joornal.pf Research in Science Teaching, 12(2),.193 19&

‘integrated ‘scien rocess. skills for secondary sc1ence
students Science ducation. 64(5), 601-608 P

L . : . LR A . L o v . ' [
coevi ) . . co ° : P ‘~ " N - *

Diliashaw, F. G. irey, J. R 11980).. Tedt of theffj:




}%

'r: Donaldsong M. (1978): Children s mindsd

O

"f psychology and education (3rd edition) New Yorh McGraw—f. ,

e o

Docks, c: S & Bernays, 'm"lEd ) (1965) ;nformation and
prediction in- science R New York Academic Press s

;New York w
Norton and company : rdr
R I A .ﬂ
Dressell, P (1959) Better tests for science
_ classrooms Science Teacher. 26(1), 3‘2 345 '
.'l - .
Driver,, . (1983) T Qgpil as scientist’ England
The Open. University P S S

' EdwardspﬁPaul (1955) The logic of moral g scourse f@.ippzf’?"

Illinoise: Free. Press ;v-\ i o
S R

Eiss,jﬁuﬁﬁg'v(1962) New techniques in s&&ence SRR
. instrug ion‘in elemen;a7¥\schools SCience Ed*aation,;,_w

46, 17

N

Ferguson, G. A. ~(1971). Statistical anal sis”j\\ff "

Hill
Frasef B J. '(Tgad) Development and validation of ai
test o

enquiry. skills Journal of Research in Science,-p
, 17(1), 7= 16 s s , , o

Teachi

Fy€fe, D w. (1971) The development of test items for”,
_the integrated science processes: Formulatin hypotheseSv‘
and defining operationally. Unpublished. doctogal :
dissertation,,Michigan State University g

'

-Gabel D (1986) : What s our’ choice ‘ngiencefan —
' (:11 l.].cl!?i!ll 2 :Z:; ( 4 ) r 1 :ZS;" 1 :3 1 a _t-~‘ S fﬁ\-' et
e - ;«’

Gagne; ﬁ M. (1963) A psychologist s counsel on

: curriculum design. Journal of. Research in Science»
g Teaching -l) 27-32. | i; Q Lo - '

'Gagne, R M. (1954) Sciendb - A process approach f o
~ Lecture’ represented in The psychologica&nbasis of science“'x
'_— ‘a process approach, -8.. L ,'w ::vu,‘ :;..-,N_v T

- Gagne‘ R. M. ,(1965) " The. conditions of learning Qi'

?ork THolt Rinehart and Winston

*Gagne. R. & ' (1969) » Contributions of 1earning to human
development _ Psycholggical Review, 75(3),‘177 191 '

..% )

Gagne, R. M‘ (1974) sSentials of learning fo r
instruction - IL: Dryden Press . . S

,

,{-v,‘__ B

@



vﬂ’vNew

‘ngoodman, ﬁ;fv(196
. Indiana Bobbs-Merrill

Gagne, R M t1975) The learning requirements for ' :

- enquiry. Iw E. VLctgr & M. 5. Lerner (Eds.), Readings in r
- ‘sclence -_for- the elementary school (pp 89 104)

Pork : Macﬁ

ldGega, P. C. 3377) Science in elementary‘education
New ?ork ‘John’ Wiley and Soms._ SN o

.iGid. K D.,et al “(re74) 31iméﬁégr"-gcﬁo61'sciahce“» o
4 _&nd how ‘Ch‘pt°r 11 and: APPendix B) Massachusetts
D C Heath . L o B |

- ?George, ‘K. D. ‘& Dietz, M. AL (1969) ‘AR experimental '

we omparison of urban,K children with suburban children-on j
':eight tasks of basi fkills ~Jouynal of . Research in__u i -
' Science Teaching, 6)(3 224 233 t- _ ;‘_. _ E S ‘\;i

). Fact, fiction and forecast

" Grosa, R. F. & Birney, R. C. (Ed.). (1953) " Transfer - ..
:,‘;ggggigg Toronto D. Van N strand : 'f“*?ff‘n
"Gustafson, B. J (1985) Girls in elementary science: A;f:

. case study. Unpub;;ghed M.EA. theSis UniverSity of ..
"Alberta ‘ . ;_ L

" ‘Haney, R (I}Q}) | The'changing curriculum Science .
'.association for superViSion and curriculum development
Washington: NEA o cL

[ﬁirlen, Wynne 4 (1983) Guides to assessment in
,education science | London. Macmillan Educatioq Ltd

A
'Harlen, anne (Ed » (1983) New trends in primary

" ischool sciepce edUcation volume 4. Paris: United ‘ﬂl i
%ations Educational Sc1entific and Cultural Organization ,f S

-.?

"iHarlen, Wynne,--GIQSS) Teachinq and learning primarx
,science..uLondon Harper°& Row . R : .

' ‘Hawkins,.Dp‘ (1964). ESS" elementary science activitiea
project. Science Education, 4801), 717~ 82. .- - »

','Heathers. G} (1961) : A process-centered elementary

"ffsequence Science Educatiom, 45(3)..201 -206.

"Heimler, C H. (1962) New directions for general
science Journal of Secondarx,Science, 36(6), 323~ 325

. ——

'Herronva. D. (1971) ' The nature of scientific lnquiry
School Review, 79{2); 171 212, : .




. UHill, K. E - (1962) Evaluation;in an: elementary
. 'gjjprogrAm Educational Leadership. 19, 229 232 ‘

Holzman,, _ (1983) How do I evaluate the process.

f:&skills’ Elements, 14(5)

- ‘of ‘elementar
”<University of Alberta, Edmonton.

e

f#TInneldefu B. & Piaget J. (1964i’ “The'earlz Qrewtn“efff Sl
i.logic in the child Bristol Western Printing Services,p'wx_m_

7Keislar, E. “R: ()962) The learning process and the

teaching of science The Science Teacher;'ls -24.

school students

“Kelly, G. A 41955) The psycholoqy of personal
constructs. Neq'York w w. Norton & Company Inc

X'Klopfer, L. E. (1971) Evaluation of 1earning tn -

'fLivermore, A. H. 11964). The process approach of ‘the

science\ .In B. S Bloomf‘J T. Hastings & G. F. Madaus
I Handbook on formative and summative evaluation of

oo

fJones, M.E.. (1959) A study of the possible learnings:
‘rresulting from science experimentation by -a class of
--first grade children Scignce Education..43(4), 355 374

i-Kellough K. G. S. (1971) Quantification abilities
' Unpublished M Ea. Thesis.__

udent learning (pp 559 641) - New York McGraw-Hill

'K;xe,,w Ci Bonnetetter. R. J '’ McCloskey, S. & Fults,

-experiential science on- development of logical thinking

in children. Journal of §esearch in Science Teaching
12(1), 49 62 o Co . : .4

L

- B. A. (1985).. _ Science through discovery: Students love"
it Science and Children, 23(2), 39-41. - L

Sy Sl TE
Linn, M C & Thier, H B, (1975) 'The’effect of

- AMAS - commission on science teaching. Journal of Research

‘fin Science Teaching, 2}-271-282.

Ludeman, R. R. (1974) " Development. of the . science
process test. Unpublished doctoral dissertation

».'Michigan State University:.

Mallinson, Jl . (1961) The current status of science ;df

_education in elementary schools _School Science and
Jnathematics, 61, 252 270 e N RS

fMartin M. - {1983)" Recent trends in the nature of

 curriculum programmes,eadxmaterials In Harlen w. (Ed )

'(1983) New trends in prim ry-.school- science :Volume 1.

Paris UNESCO



;’:g*MA Harvsrd University Pre”J,.

. in science education: A han
... Science anq,Mathematics Education,The Ohio Stat”
-~ University ‘and ERIC Science, Methematics and

.‘ i

';Metala. D C (1961) Current ectivitiesxin elementary

" . and junior high school 'science: History of" science-=,fp..-nf7i'
: »HT;educetion o SChool Science and Msthematics,_&l, 339-341,'

'fjuathows, G: B. (1980).

PhilosoShv and the ioun

“’:Meyer, v g, t1974)

tk_Environmental Education cleering House

yer, V. T & Richmond I M) (1982).; An overview’ of
 assessment instruments in science Science Education,fb
',66(1), 49-66.. "[-.,a. Aﬁ [ . s

: McLeod. R. J - Berkheimer. G D ,;Fyffe, D W, &_
'_Robinsonr‘R w
i{velidated ‘test
g processes Journal o
,12(4), 415 421 '

.qr four_integreted scien e -/

A o

':iMolitor. L L. & George,

Science Teaching, 13(5) 4'5 412 {ij'»;y,‘ L

» 'JNsverra. J G (1963) {;flementary science.sn thg

101+Sf:

N (1976) ‘Development of a
test of science process ski ls Journal of Research 1n. R

fpresent ferment 5cience Education, 47(3), 24 =250 :\ .3'

“Neal L A, (1962) Methods of scientific inquiry

', Science Teacher, 53-55.

'fNewton, D. E.- (1961) Probiem-solvxng approach ‘Fact or -
{sn§y9‘ School Science and Mathematics, 61, 519 622

:cfadilia, M. J (1980) ‘ SciencecactiVities - For

608-.

'”Pedilla, M. 3., Okey, 7. R. & Dillashaw, F. G. (1933)

'~ The relationship between science process skill. and’ formal

‘3f'thinking abilities. Journal of ReSearch in Science‘
'vTeaching 20(3), 239- 24\\ : ; BT

,Pediile. M, J p Okey, 3. R. & Garrard, K. (1984). ' The
effects af instruction ‘on integrated science process
- skill echievement "Journal of Research in Science
'vTeeching 21(3). 277 287 ’ .

\‘.

.‘pearson,.p;, (1975) The thothesizingﬁabilities of
. elementary school: students Unpublished M.E4. Thesis,
.University of Alberte, Edmonton K : _

',child‘_% s

(1975)...The development of criter on—‘715¥f1”

thinking SChOOl SCience and.Mathematics, 80(7),‘601-,f"7-5

a0



R et =102';5
M. g (1980). Identitying o
..+ factors:re €,d to science process skill’ performance ;
vg[levels‘ School Science and“Mathematics 80(‘), 273 276

ffPiltz,’Af* (1964).5 Promising trends ‘for effectihg needed ;5“5
L jsgchanges in curriculums in elementary science Science -
~ngducation, 48(1),_7 12 [~ _.A_‘—‘f"'

' ﬂﬂjplcstor, M.PlM. H1972) ‘The_ inference abilitiss of
- 7 slementary ‘school students. Unpubliehed M Ed Theeie.,]”
'*u~University of Alberta, Edmonton._] : o _

vQPope, M & Gilbert J. (1983) ' Personal experience and
‘&7 L the construction of knowledge in science Science .
':f;'fEducation. 67(2), 193 203 ' : 4 - v

"g’jaiioy, T W.. (1973),'
" Process tast: for selected processes of the SCIS East
~Lansing. MI I , , L

”*QRosen,”S. (1961) Bold experimen in elementary school h”;”'“

.;;v A.;'SCLOnCQ 1811 Elementary School ournal, 62, 66 76..

'f;Science Counc1l of Canada (1984) SCience tor every ,'b'”
student: Educatin: Canadians for: tomorrow~s wQrld .
(Report 3sr*— Ottawa Minister of Supply and Services

 Schymansky’ “J..A., Ryle, W. C. & Alport, J. M. (1983); ‘D"
*"The effegts: of new science curricula on:. student IR
.performance. ‘Journal of Research in Science Teaching,_

20(5), 387 404. : . 2 , ,

. Smith, E. L. & Padilla. M D. ,_(1977i Strategies used .
by first-grade ‘children in ordering objects ‘by length and e

weight. Journal of- Research.la .Science Teaching,_14(5).,_r-35
’ 461-466 o ) _ L B

o : S : _ : °<L_.;'.:EC,.; R
: Stein, Jess & Urdang, Laurence (Ed ) 11971) The ' random' .
house dictionary of the English languagel‘,unabridged_-_-
-»edition : New York.v_ SR ‘ ; : _ E_ R,

',Suchman, J R (1960) Inquiry training in the
* elementary school Scienoe Teacher. 27(7), 42— 47

‘ 'Suchman, J. R. (1961) ; Inquiry training Building
. skills .for autonomous discovery Merril Palmer '

anrterlz 7(2), 147 169

" Tannenbaum, R. S. (1963), ,The.development"ofithe‘test*“ |
‘of ‘science processes. . Unpublished doctoral dissertation, -
: Columbia University. R T AN T ’ S




'ffTannenbaum, Rj’S (1971) The devel,f”‘ A
-1‘,of ecience processes.u Journal of Rese“rcn in: Science wﬂ;}ﬁ,%g;f
" Teac hing, “8(2), 123-136 N R T S

. . :”\“ L aéﬁfﬁ” .

‘S,fThiel, R P & George. K D.; (1976) Some factors'~iﬁfﬁa

’;af!ecting the use of ‘the science process skill 0 R R T A

. .’ prediction by .elementary school . childre Journal of S
‘Q:Relearcn in Science Teachin . 13(2), 166.,, ~rv.."‘”':= L

gf;:_ﬂj»Tobin, K.:G & Capie,.w; (1982) Development and
SRR ]jvelidation Qf a’ group test of inteqrated science s;ﬁ

.. processes. Journal of Research in Science Teachin“,
- f20(3),,239 246 BT R R

»7riTreiger, S._ (1963) vNew forces affecting elementary-"ﬁ
' -jechool scxence Education Digest, 29(4). 37-39 ‘

],Trojcak;‘D.,A (1979) ‘Science. with children New ‘York:
| .ucqrawfaiilg SR | ' '___ RN

- Vygetaky, L. s. i), magnezana n-n'g'aage 'M-A; 5

M.T.T. Press c o o o e :‘_ e

 uaibesser, K. o, (1965 ée_2zeiae£isa_megei_ea§_i£§
applic, ice : roach. (AAAS Misc.

.Taipub "65=69). WA: American Association for.;he'r
'1fAdvancement of Science : o

,,fwalbesser, H. H. & Carter, H L (1970)" The effect on
Ll test results" of changes 'in task and. response format ‘
el required by .altering the test administration £rom an

© . individual to a group’ form Journal of Research in

',f, cience Teaching,_7, 1- . |
.'Tj*Woodburn,'J He (1967) Science defined versus f?ff5§;_fiﬁnl
© indefinable: A. persenal attempt to define sc1ence ’ qiyquv
.y_"Science Teacher, 34(8), 27- 30 = _ SN

';?f'woods, D. R (1986) B Creativity ana ps§9 Jdutﬁaiﬁ¢f'le,
o 'College Science Teaching 15(4), 409-412. C

&
Y
Lo



L.

APPENDIX 1

. RANDOM NUMBER GENERATION PROGRAM



"fﬁﬁbs,.f

412_’3RANDOH NUHBER GENERATION PROGRAH
"3‘.7HARCH 31r1986
' ui*xo CLEAR o n?f, L T L e T T
C..720 €CLS el T e e T e
o 30 OPTION BA»E gD T T e e
' -40 DIM TSAMZ(4) -~ . . .
©50 DIM GANPLEX(7+6+4) -
" 60-'FOR 8 = 1.T0 7 '
70 FOR G =1 T06
. 8O RANDOHIZE TIHER o
e R0 FOR C=17T04 - '
*5fj100 : TSANZ(C) - 1#(1NT(RND!36))
21107 - FOR-T.= 1 70.4 - 3
.. 120 0 o TIF TSAHZ(C) - SAHPLEZ(SvGrT) THEN GOTO 100
- 130 . NEXT T
140 ¢ SANPLEZ(SvGrC)'TSAHZ(C)
180 - NEXT C . - :
' 160~ ‘ERASE’ TSAHZ
170 NEXT G -
. 180 NEXT & ~ . . .
. 190 REM. PRINTING NEXT ‘
200 REM. I L
210 REM- .
- 220 FOR S =1 ro 7
222 - LPRINT ‘ _
223 LPRINT”._;; o | ' B
224 LPRINT L *'School Rihdon Sa-ple Listxng
#7225  LPRINT - A : _
;230 FOR 6= 1 TO s
.~ . 240 . FOR T,= 1'TO 4 "~ -
5-250.”j LPRINT SAHPLEZ(SvaT)
260 NEXT' T :

270 LPRINT S B SRl T
. 280 LPRINT -~~~ . S T
-‘293;/t21&7 C e e
. 30 RINT .------.“-"“'-A‘."--“--‘?4.:-F;-;—T.f?-—;----;—- ..... ————
305, LPRINT CHR$(12) - . -~ . SRR S
310 NEXT S o e S
320 PRINT *END OF LI§TING" e R
o330 END SN I
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Yow

'”u_;)iw Aa a graduate student in the Department of Elementary

fdﬁ'qing a research project in- the field of science education in
’ u;ﬁelementary achools. = BREREE R I

Your,child has been selected to participate in this

;Q£7oroject.= ‘The purpose Of : -the" study is to. determine the. ability
L of elementary school students to predict, based upon their
.wﬁeresponseuto observations of familiar things.and events. The e
. study is intended-to" ‘compare two- methods of measuring the pre-l”“
- dicting abilities of the students and will help in’ bringing B
rabout improvements in educetional methods and procedures.‘ ng,jg_

Your child's participation in the study will require f o

: ~involvement in approximately three half-hour sessions. ‘A -

- 'general abilities test and two separate tests of predidting
" ability will be given to students from each of grades one - ...
.through six. - Your child is ome of those chosen’. ' The first

. pair of tests are of a paper and pencil type and will be given'"
- to the chosen students a8 a group. - The third test involves -

" activities similar to those during science class, and will be’

B given on an individual basis.

f"g.'f No individual student who takes part in this study :
“will be identifiable in the final report and the full privacy
‘{”sults will be available for your information frOm the school.v'

nvolvement of your child in this study is entirelx
untary and will be based. upon your personal feelings about -

L is matter. Should you wish to allow your child to participate
. your asg#istance through. written'consent (as set out below) .for

_‘your ‘child's pioneering contribution to this: potentially im-
*portant study would be greatly eppreciated.- ,

R If you wish further information, piease feel - free to _f
econtact me (office: 432-2286; home: 458-6725).t Thank ‘you for :
your consideration of this matter.l - o

| SincerelY..,, f,ﬁ A71~4f;'ﬁ.

:?1-37?%<(Zbluif

_ Fathleen W. Melville

‘ ';pxducation at the ﬁniyersity of Alberta, I am currently conduct-:'

L

.|'l'i T
(. A

v.‘;of each person and their. responses to all’ tests is completely ,,i
- assured. . Upon ‘completion of the study, a summary of the re-



’Taﬁ»w

,;*uelville o e
gmentary: Education COl e
Of Albetta Lo

——
N - : t

'f_faféntfccngchﬁFFoxhi[difii:5' f;r f:_bi“:;“

: "3(”£ I give permission for my child, . ;f":fﬁ@-.ill‘}fjf;; .
to participate in the study indicated above. R

" Signature of Parenf or,Guardian

"';Daté”;f~‘

iaa’-étudent*ConsentVbeméf-

I also wish to take part in this study. '

~ Date”

. . Bchool Principal o}fﬁ;?;gnafein —

Hd.;ﬁatc_;
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szc'rmus FOR PAPER. AN& p;aucn. 'rzs'r
_'OF PREDICTING ABII.f.‘TY R

j, ”In this test you will soo rows of figuros or dosigns liko
th.’"t Lo R ‘- o Lo ,. o A .,.‘ _:'_ I 'J° J“:. : K :

l sl

(Invostigaqpr shows class an oxamplo—-proparod
ahtad of testing and mountod for Gasy handling )

_Let me. show you what I moaﬁﬁ i

R
- 'Q., g

(Invastigator displays ono problom, has
.students choose what they think. is" the corroct
answer,‘and ‘discusses the result,_ Investigator
then does the same wath a second problom ) '

1{_answer pictures which bglong9 next - in tho quo:tioe'or

. L*,Each row shows you a different problem In oach of tho ?f
,V.nproblems,,the first. four: picturas show you' somothing

L ;‘yhappening in order. ‘You are to choose the picturo that
R will come next from the fivg picturos that follow ﬁ'-'=

T

,' :Mark tne picture which you think is the bost answor by f““5
"gwputting a circle. around the_ lotter ‘below: thie picturo '
'‘Remember, .you -are to’ choose the one: picture from .the -



e
«

' APPENDIX. 4

" PAPER AND PENCIL TEST '
OF PREDICTING ABILITY

| WITH CORRECT ANSWERS .
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DIRECTIONS FOR PHYSIC@L MANIPULATION TEST ‘
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OF PREDICTING ABILITY
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R ;a,--jg¢~,;g;. e

DIRECTIONS FOR PHYSICAL MANIPULATION TEST OF
: L PREDICTING ABILITY T

P et
W

;_ViSCQsity bfjriguias ?.‘f:ii’

© pparatus. " S R |
Lo e Two glass cylinders- one containing yater d a marble,a_
_the other glycerine and an identical marble. . Q@Q, S
“;'Investigator s Presehtation RN ]f¢.i*A;_:“v'nufs”f‘,fgf';’*
- i - o A.‘_ - :.". w -1 “ S '}-
L ¥ CE :
lgsz'd like you to 1ook at these two tubes.” EacH tube hass4 '
"~ a clear ‘liquid and ‘a marble. inside 4t. ° I'm going to ask
“you to turn the tubes upside down but before you do, tell ,,;»
‘me what you think will happen to. the marbles ;whén you Vo
‘W:.turn the tubes over.._ L RN o R

 iGood, you were right

n_What happened? (to the marbles?)

A

"you notice? R R _ R axﬂ

B AZ.Q.If we could pour the liquids out of the tuhes, whidﬁ
Lo vliquid would pour faster—-A or B? + Wh¥?. .....a,‘

-f 3.‘;If you could touch them,,which of’ the liquidS'weuid'feel
. thicker--A, or B? Why?* e b

— -~ Weights and Spring
'-13A22aratus IR : :
‘ ‘ - Four weights. sPrinQ. stand with scale.'h'f' 8

- Investigator s Presentation

v..,..

, The spring is hooked to the top of this 5caie. 1 f??f::
have measured equal distances on this board and drawn lines;

”'( then written a letter by each line 80 we can name ﬁhem.

e

o



iﬁl': where is the bottom of the spring when I hook it to thei :

"'Apparatus . -_,];;7

top of - the scale? T
v fRight, it s G. df*" .
Ty er

, The bottom is here (point). that is, at G._

‘ﬁ}z; ‘What will happen to the spring when I hang the weights

- on? - :

’.3} !Hook one weight on) What happened? ,”;"~'f_[f;gx
e | - Down to F - ..
What happens when I put another on? L o
o | 5 Downto E-
Andehentl_put[twowmore one?ﬂ, L ’

BRI ‘Down to S

,[4; Now, what will happen if I take one weight off?

Let s check your answer-' Were you right?
Magnets <

e

Six rectangular objects, 9 objects of cylindrical

and sperical shape made of the same substances, one magnet. S

-‘EInvestigator's Presentation

ST - dose
L eeoup here'ﬂ'
L separate from qgose not attracted).w

14 B . l. ~‘

This time we are: going to look at magnets.f ﬁefore,

‘ 7h'we use the magnet, can you -tell me what these things are‘

made of? -

R Point to each@one and tell me what: 1t is made of if you

JN know.t“

S Now. use . the magnet to find out which ones can,be pickedqg
ap. by the magnet (give magnet to student)
Only ﬁ }_:, picked up by the magnet. Let ‘s put these

range above the tray with the one attracted




‘.”hi;f (Place set of objects in the tray ) Without using the _
- “‘magnet,” put® these. things in.two groups.;; one group’ will
.. .be things which the magnet ‘can pick up .and the. other
f.f@will be things which the maanet cannot pick up. ZER
1;.;h3;; why will the magnet pick these things up? S
wi;lWhy won t it pick these ones up? L

5’¢:4}:;Wal there ything you learned from ‘the. first set we fﬂ'~

“looked at with a ‘magnet that could help. you make the oo L

‘}-groupc?’ N fi :]”'7.- -”}n_fv’Ait," ~f3}f'5”i7‘

'hDo.younweﬁtito7checkiyour~groupé?.‘Here isvtheAmegnet;:l"'

* pall and Chart

".JAEEaratus : PR R
_ L ‘ G o o e T : ‘
Golf ball and chart...- TR e

l Investigator s Presentation

R This is the chart we used with the spring. This
~time, I'm going 4o drop this. ball and I want you to tell me
how high it bounces. Do you have any questions? - .You ‘might

" . want to use the paper. and pencil to help you remember what .

- heppens. . - | o R I T S
'1, ‘First I will droo the ball from G (drop ball from G)
-uHow high did it bounce? : : N

f2f'”This time I will drop the ball from D: (drop ball from
' -',D) How high did it bounce? f\,' .

v'3,j'Now,_if I drou it from I, how high will the b§11 bOuncev .
'h' WhY do you think it will bounce to AR S L

P sound .
Agoaratus | |

S Husical instrument with four elastics and one’ length,%:”
of wood : . : L -

rd



'57??Investigator s Presentation - o
“ - Let s lodk at this musical instrument I made.vﬂilflf':-
'lxl_lrffFirst, we will only use this elastic (the thickest .
. elasti€)-. Listen ‘to this sound " (pluck the elastic on .

7 long'side of fret [wood]}. Now, when I move the wood : - -
*lgqnlisten to this sound (pluck after placing fret in middle).

"5;fé'ﬁ;are_xﬁ§fs dhds different? 'stgv'_Qflfv;}xf;:ﬁ*j.ai.'"fﬁr {_4
. How are ‘they different? !:? “_j:fi;uwf;fflifffﬁ '-fn»';wfff

.”J»What ‘will- happen to the 80 f I move the board here
'(move j shorten the elastic) ’ A0

t-Why do you think the sound will get higher? R
f):-- R T SRR ;:ﬂ
f‘2;s,Now, let 's look at these two elastics (pluck one,-then !
L n_the other) e o LoE :

R N R RIS S e »;__,“=g_';;“i_
"mWhat s different between their sounds? ~ ,njf"';Ti;Jﬁ_u

;NvBWill the sound be higher\g;Jiower when we pluck this
: »(third, thinner) elastic?

[P

"Try 1tx »T'~”§:;' ],‘”s;:‘i-*5',';ir.],1,*_'¢_,j;f

" -or here (left side),and I can pluck any elastic I ' .
‘want to make a sound. Where should.I put the: board and
S - which elastic should I pluck to make. the: highest sound v
e I can on this musical instrument? _ D _ nM

1 can place the board here (right side), here (middle), i}*

;[Where dOuI'place.the,board?v ?f:’, - J7_’”"\ SR
| " Wnich elaStic“do'ldpiuck?fdilytg ;na‘f"wdhl»l riﬂ.”7¢*Tf‘*;
?',Why?:d:i. | ( : :.L [ | ( d | |
'fp‘Let's[trydit;.‘were fou right?n (If not, pluck where‘it
L e -+ .. would be correct )
RS R ' ‘



“fi:?Aggiratue

A . \ . '1.'} j';-
' . ‘candle " (light’ candleh  What will happen to the:flame . :
. when I place a jar over the candle like this (demon-..;‘;'~ A
‘ {atrate beside the candle)? ' B : :

4TWeve jl,}"

'd7How long do- you think it will. take?

?}Will it take more . time, the same time, or, 1ess time for
ﬁ*jthe candle to go out under this (16-unit) jar than it - .
0, aid under this jar (32-unit)? : , Sl

'why?

el e e L Ty g g
... Candle and Jars - TR SN S

e % ‘,.garlyfmarked 4 units, 8 units, 16 units and S
éh.=candle, paper, pencil,\timing device.vpﬁ L

':.

Hare are four jars and a candle.‘ I 'm going to ltght thebgf**r

. " .o N .
_,,, - o ; -

"CLet 's try it with this jar (place smallest jar over the o
o candle).v = e _

‘ 'a'ipu were right! . o v o -

| ‘ff;The flame goes out.'ff;“

.Why did it go out? '~"-”¥* f*’r.;!,’

..

IHow long do you think the candle burned before it went
'out?,'v~ . K . 3

ilWhat will happen when I put this Jar over the candle’*:,i T

L

:{How.long will it take? (plaee,sﬁunit Jariover)

./'"

,How can you\tell how long»it takes? g

/,

fe;Let s, use this jar this time (32-unit jar). What will
: happen when I put the Jar over the candle? ;" SRR

B Let' try it (place jar over candle),‘were you right?

B

~Now. lct 8 look at this jar (ls-unit) - Whatfwillfhappenj'
" when I put this jar over the candle? R by

_H



“.1;Pred1ction~-.ﬂf ‘ bluQ: . ‘":'fb' green. fﬁ

;7ﬂq;gow 1ong do you,think it.will take for the candlp to
.;nggo out? :

o whY? . ‘ ,‘ 9‘ - . __‘_, : | :A " ‘o RN

;Apparatus ?:;*‘

.fl4o blue, 60 green, paper, pencil.

”&ﬂﬁwill 1t take more. time, the ‘same timg, or 1ess time“tolﬂ“h?“’V

;ff:go out under this jar (ls-unit) than it did under thisg;igi}fh;
\ jar (S-unit) ke S TN e T R R

4..\ . L : PRI L e ",..4 .

“Let's try it (p?ace 16-unit jar over candle)z wereqf;[. e
you right? , ial A

8;

[ -

. «Proportion "

. '..

"'“Grab bag containing 200 pleces of colored pasta--?f.;;fp

. InVeStiQ_tor s Presentation ii'in}f, f‘ ;*;q e

For the last investigation we are doing, I have ﬁ_ﬁ,,_.'“'

‘colored macaroni in this bag' (take out a handful and ‘show .

student).. I have. 200 pieces of ﬁacaroni in here,vsome is

'”ﬁ_blue and some 1s green.:n;_

‘The first thing I want youto do’ is to reach intot PR

ﬁthe bag and, without looking 'in, take ten pieces-of: macaroni
"out,_on. ata time, and place them:on. the table.j'tvv

. How- many blue da you have? ?rlj.

7 How many green?

b"Remember, there are 200 pieces in the bag.v T want you to tell.
“me how many of them are blue and how many are green._j~_.

' VYou may 4ake. ten more . pieces out of the bag 1£ you wish.;
. "You may use the pencil and paper to help you work out the
;-answer if you want) -~ R _ . ‘

Do you want to giva me the answer now? Qr do you -
want to’ take some more pieces from the bag?

Bl

(2nd sample*p repeat previous statement)

T \ |
. Why do. you think there are R S and‘» 2
green? S R
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PREDICTING ABiLITYtGpORE'éﬁﬁE?_v e

Sc_or\\ v\S Kbg

7Name, 'rDate of Testing . .f/ Y/

A

RN day mo.. ear~.~r

:'Schodl_ - bateofsBirth -/ gy _

T .. 'day ' mo. _year
Grade _
"'13¥~| fL$L'

;”.vrscosrry oF LIQUIDS

_Why :"f" -

'f“ séquentiAlg: — ‘ f _}>s;m91t§ngoﬁs ‘

=3A7would—§our fg&tér‘fﬁ

a Other
“"Why

: Marbles will fall to the other end - o DRI i

Other - e o larolzj
leference"r : o S o St [

B would pour faster e
Other o

» ‘
5® o

A'wouid'feei.thickér‘
B: would feel thlcker

A

0000 oooo - i.

Moo=

- Comments:



e e

2

-Spring will go. UP
‘Spring will gO down

- Other. = -

. MAGNETS

's-ﬁtzcués'éﬁn's?RiNGf;j 1

 spring sttetChes_% ?57':»
Other o

?Spring will go to letter":

_vCommentszv

427

L2 ‘.‘CIOY-'P'QAC*Y' .
) - up but s
= ., Space
. o - o“g.rrtii' :

- lo,- cﬂ-\
C ol = weak réagan
_ o unreloted
) . rt.u.ov\

’_W111ebé;piék¢d.ﬁp »

o

v R

YN }c.b{-m;d"

T o wmert HA\ 'h-o ‘“"‘3“‘5 '

Q& one. wreng
\ 4’0}0 ‘uv‘.“s

‘Won't bé picked up

‘_Why picked up

: th not picked up

Use Othgrl3§t‘

No

 Yes
Other
. Comments:.



:'D.

S

’;ﬁounced-tO/f‘*

”Boﬁhoed to _

mht : aﬁ)
. £

Comments: . P S i-:;-;

BALL AND CHART. - °

_ (student)
Other responge: - o |

| '(etudent)g
Other response"" ' :q‘*:t

HE

’Prediction.,

’ . . . )‘ B

Y v L . ; . ; '

Sounds dlfferent9 ﬁ

%eco sound higher
Sec d sound lowerr

ol

yes

. -

Other :esponse'
Why
Prediction.

e Sound will get higherf

Souhd will get lower
Other response

lwpy

- (actual)

Will bounce to letter
Other fesponse.,hd,

mo

r(actoal) '

l D

. 2 u\Huv\ QIO.W{

l J\u,* m.*y{
. T Onk Spag
0 butlen e

N b
.\o D

&

: &

‘:".z. o a'

A ]

v B T S S

»i
s

[
P Ayl

N
S

IOPOD



A

e e ii’j g ',1:” e _’f129,i~ 

S f2.,»Sound"bf‘eia$ti¢“2 is highef’
’ 5.80und of elastic 2 is lower f"

':HOther

. ,*..why o
T jPrediction.

" Board placed
‘Why '

;SOund gets higher

-Sound gets lower g{i,'

Other

¢ Why.

LEFT

. Elastic l(thinnest) .2

" Right? _

: Comhéhts=7

“How long (4 unit)
_-kNo-réspohéé;
.How long (8 unit)
x ﬂRight

“L“CANDﬁE AND JARS

,’Flame.will go out‘”
'Other T
- Why?

".No attempt to time

"Time by counting

mime with watch

'Other timing

(sﬁﬁdéht)

__(actual)

(student)

- \c u'\_‘u\tt& u.+\\

_ MIDDLE  RIGHT

0 ;\c’,(;,,;cgl

|¥ to-\sl‘»}\h')' l D .

. \ﬁ\*k Q\ﬂ.f'\*n\ D

mo O

, :1 ' 'n.Q

v;-,

. f“'ﬂﬂflﬂn o\urvo i"\"
: ? P‘O"\\ rc.\c\'c.&
(acttﬁﬂ& """‘*’A

o [:], 
(T

2O
.¢n;r [ZI,



3 ~How long (32 unit) » e T, l,o
' Right e (student) SRR -5f~ (actua‘l‘)‘ S

»
o

4 (a) 16 unit Jar compared to 32 unit jar Sl ] 4_'«”4

-N
E

[
SMore T s ed
Cness o R

'awﬁ&?=.,g ~;, o “1,-'5f.; 'g¢ S anmg
5[(bm) 16 unit ja.r compared to 8 unit Jar | o o
' More SR IR SEREN R a
" Less. .- . T T v O§D
e :zt

Time S g_nsﬁ.::ivﬁddi!'éaéj’ a.l o. EJ v

- Right . (student) .

Comments-:

'G._PROPORTION
v 1. Student sample .~ .. oo a2 ';';';_‘,’:;"; t““\

c ‘ N L R S PR | nc.oqm'l.!d
~-blue R T T T 2% Sum le D

green NI AT "Ov Aid net
- ‘ Tl ‘?::,,b T ';:“\“‘“ as " |
Use of papezi-and pencil e L "’""

S_tuderiﬁ 'prediCt-:_i.'o;?':‘»v{_-wf”-

Why? s

" Comments:




* APPENDIX 7
" INTERVIEW QUESTEONS .
. ap

- RECORD SHEET |

Caell

SR S PR



. Is it important to be able to predict? Why or Why not?

RUELES

INTERVIEW QUESTIONS -

What-isrpredicting?- e
Mat is-prediceing? . i

" Do you need to know or use afiything to make predictions?

b“xDb'yqu do prediéting in-school?'m>

. No

Eg.

‘Do You do predicting at home?

No
g Yeéf

- E.g.% .



