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The mdin purpose of this;study_was to determine the abilities

(=4
¢ (3

of elementary school sfudents with respect to the formulation of"

- hypotheses To this end three tasks mhicH required the demonstration

-
’

of such abilities were deVised and administered the task modes and -

pupilvgroupingsftaking the following forms: visuaL—mechaniqal mode
. . ’ 3 ) ) A N N . : N " v . N . . :
(indiVidual administration); visual mode preceded by visual-mechanical

REYN

‘mode (individual administration); and v&sual mode, not preceded by

visual-mechanical mode (groupjadmidistrathon).

‘hThe principal sample; mhichjmas involved in the individually
administered procedures, con31sted of one- hundred and.twenty-five
students. The secondary experimental sample, whichywas presented

with the group visualqtask, con51sted-of two hundred students~drawn
from outside the principal experimental éamplé,i ) . e i. I

Akl-students within the principal‘experimental sample. were

assigned to high, averaae or'iow fntelligehce levels within:each.
grade, these levels’being determined on the gasis of the results of

- . d - . 0
3 - . .

the S.R.A. Test which was administered as part of the study.

; During pér@mrmanoe of the,individual visual—mechaniCal task
v . ;

" students were encouraged td formulate as many hypotheses as p0551b1e

4

in explanatlon of the phenOmena generat\d by means of the 'Hypothesrs f‘

Machine._ . .

- Puring performance' of the individual visual task students were
encodraged to formulate as many hypotheses as possible-ihbexplanation-
of relationships depicted on printed‘representationj:of the machine -

LS

-—
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and its contents.. '

The group v1sual task was de51gned and . conducted 1n a. manner

Slmllar to that of the 1nd1vldua1 v1sual task.

Complete audlo—tape and wrltten records were kept of the -

stuQEﬁts responses to the tasks .

¢

Analysis of the resultlng data 1nd1catgd the follOW1ng

1. Slgnlflcant relatlonshlpsﬁex1st between the . Formulatlon of
7, -
Hypotheses Scores obtalned .from the two 1nd1v1dually admlnlstered tasks
: 2.. | Slgnlflcant rela::o;;hlps exist between the Formulatlon of
: . Y o R
'Hypotheses Scores (both #hd1v1dual v1sual—mechan1cal and’ 1nd1v1dual

)

visual) and_age} grade“V'egeral 1ntelllgence, verbal meaning ability

3

‘

and Number fac111ty,,lrff'

3. Slgnlficant dlfferences exist between qrade three and °
)< Vi

‘J ‘_4

" group.*
5., Slgnlflcant dlfferences in the Formulatlon of ﬁ oth

Scores (both 1nd1v1dua1 v1sua1-mechanlcal and 1nd1v1dua1

'ex1st between grdﬁes one and four, one and 51x, and betwegn grades

two and six. . Generally a growth in the ablllty to formulate"

T o LN
istered. occurred wrth increase 1n grade level the low scores

achleved by grade five students on the 1nd1V1dusl Vlsual-mechanical

bl

task, prov1d1ng an exceptlon to this trend
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sc1ence,as both a process of 1nqu1ry and a body of kr. 7ledge.

y , , Chapter 1
: _ R

- ~ INTRODUCTION AND ‘BA"CROUND

g
o o~

~ 3
o

One\of the newer trends whlch ha.. arlsen in Elementary School

Science is epltomlzed by 'Sc1ence-—A Process Approach' (SAPA)——a‘

currlculum formulated by the American Assoc1atlon for the Advance-

9 : 1

s ment of Sc1ence (AAAS) . dhllke other sc1ence programs whlch have

°

tended to empha51ze the content or product of sc1ence, ‘SAPA as the

title 1mh11es,'ha5'created a curriculum which emphasizes the pro-
-

cesses ‘rocedures associated with the scientific endeavour.

«

' In 1968 the 1mplementat10n of a new science currlculum

o

based upon the preceptsxof the SAPA. program was 1n1t1ated w1th1n

the Prov1nce of Alberta.A Unlike the SAPA program ‘which, in empha—
: .

=y

!;5121ng the development of the processes, correspondlngly de-

empha51zed the acqur51tlon of content the- new Albert program v1ews

o

"Accordlngly equal emphasrs is glven 1n the Alberta program to the

development of 1nqu1ry skllls and the achlSlthn of content :

' THE PROBLEM

~ : ) i : . o
The evaluatlon of the effectlveness of any. program depends

‘heav1ly upon whether or not,the objectlves of that program are clearly

defaned are testableg and are tested objectlvel%\ Ce . -l'u

Student achlévement wrthinnthe,SAPA program ls defined Co
entirely on#thesbasis of hehamiOural objectives. Student achievement
| | “7; T 'p . v; o

e - | . ﬁ*I



o Ed

within the,Alberta_program is defined in terms of specified behav- . .

ioural objectlves, acquisition of spe01f{ed content, and adoption of A

v

spec1f1ed attltudes.

: How{then, are” such objectives evaluated? The SAPA program ,
. o : . g
utilizes instruments to determlne a student s performance with ‘

3
respect to a spec1f1ed proLess 1mmed1ately following the completlon
of" a series of lessons spec1f1cally de51gned to develop that process.

Although the majorlty of SAPA 1nstruments are de51gned for

1nd1v1dual student evaluatlon only, evaluatlon capabllltles on a

\

qroup ba51s are clalmed for certaln 1nstruments for the simple or

'baslc' processes, and a further 1nstrument prov1des a basis for

-

long term assessment of progress in the basic processes. . Up to the

< - ~ -

'present however, no 1nstrument has been avallable for the evaluatlon

of ablllty or achievement ‘in any complex or 1ntegrated' proceSS<on
N * . - o \r ' - N -

©

a group basis.

' .
a . . . .

The Alberta science program does not set out any standardlzed

- . -

1

evaluatlon technlques or procedures.v The Alberta Currlculum Guide

Y

(1969) suggests that teachers themselves de51gn and lmplement

1nstruments capable of evaluatlng processes and attitudes effec— )
tively.” S ’
. . ' (e , : . —_— ' 4

e It can be seen that ‘an urdent need exists for the development ..

of effectiye, valid and reliable individual and group'tests, capable B

of evaluatinéibasiC'and integrated processes.

.

£

In recent years,'a*series of studies has been carried out

under the ausplces of the Department of Elementary Educatlon,

g

Unlver51ty of Alberta. Such studles have. determlned the abllltles



'hasig of both visual and mechanlcal data, that 1s, an abstract

- E i ‘ \/
. .

of elementary schéol chlldren in- the performance of tasks assoc1ated

‘with the Processes of classiflcatlon (Blackford 1970}, quantifica—‘

tlon (Kellough 1971) and inference (Plester, 1972).

» : L=

THE PURPOSE . ;

. . ¢ .
The present study is an attempt t0‘extend the range of these

-studies in order to establlsh further valld evaluatlon measurej of
G

process Accordlngly, this study w1ll attempt to determlne th

'behav1oural characterlstlcs and process skllls of students with-

'respect to one ef\the integrated processes—~namely that of the

'.\Eormulatlon of Hypotheses

B G SIGNIFICANCE OF THE STUDY

I

ot

is hoped that this study'will- .
1. Establlsh criteria which may prov1de the basis for the

evaluation of chlldren s abilities in formulatlng hypotheses.'

B 2. Indlcate at which level(s) an empha51s on 1nstruct10n -

°

» in formulatlng hypotheses may be most productlve I

"o

3. . Indlcate any relatlonshlps which may exist between the

7

a”ability to‘formulate hypotheses on the ba51s of mental manlpulatlon

of yfsual datafonly, and the ablllty to formulate hypotheses on the

. . o . : B ; ) "“F-‘v
mmwacmuaemmmhumofhm :

“'1:4,z Indlcate any relatlonshlps which may ex1st between the
ablllty to formulate hypotheses and- ‘(a)-grade; {b) age, (c) sex,’

(@) general lntelllgence, (e) perceptual speed ablllty, (f) verbalﬁ

- ‘10

T~

4t
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meaning ability, (g) spatial-relations’ ability, (h{ number facility,

and (i) reasoningvability.

The dec131on to focus attention Of each/gf,these variables
in thls squdy, rested upon the follow1ng conslderatlons-

Although speclfled by several bodleé .'AAAS Alberta

L g

‘Department of Educatlon) as a, process to be included in the elementary

science .program, %ormal data supportlve of this dec151on has been
lacklng up to the present 11ttle research hav1ng been carried out
w1th respect to hypothe51s formulatlon at the elementary school
level. Wlth little known/of the nature of this process, as’ well as

-

of the ablllty to hypothe51ze, an awareness of. the varlables, Wthh

-VZmlght serve as. predlctors of the ablllty to formulate hypotheses,

should be of as51stance to the teacher 1ntent upon evaluatlon and
development of the hypothe5121ng abllltles of students.
Torrance (1962) has shown that with increase in elementary

grade 1ével~there is éenerallv an’ assoc1ated lncrease in creatlve
o ,

'ablllty (as deflned and measured by Torrance) However in grade.
; . : .

'four a marked exceptlon to this trend occurs, a ‘slump' in creatlve
ablllty belng manlfested at this level. Extendlng this® general

flndlng to 1nclude the suggestlon of Martln (19?1) that creative

y

'»vablllty and hypothes121ng ablllty are 1nterrelated, hypothe5121ng

' ablllty being at least" 1n part a creatlve act the - grade level of a

student ‘should then be a predlctor of hypothesleng ablllty, should

both Torrance and Martln be correct 1n thelr assumptlons and con—

SN

clusmons : A : ‘ . s
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components”of the HYpothesis Machine may generally be found to be
of wider appeal to boxs‘rather than to girlsy greaterAéuriosity_and

interest in the machine, perhaps giving~boys an advantage over girls v A
in scoring levels obtained thlé'using the machine.

. B ¢ ) \

According to Torrance (1962) and Kneller (1965) significant

S e
<5 T

relationships exist_betweenfgéneral intelligence and creative ability.
Again'aécepting Martin's position that hYpothésizing ébility may be
dependént infﬁéft upon Creatiﬁe'ability; then relationships may

exist between ability to hypothesize and general intelligence and/or

’

components of general intelligencef

Recbrds;of ﬁost, if not all of these variables are kept by
the classroom teacher. In cases where they are not-iﬁmediately

available they may be readily_asseésed.
" In this and other studies in the series each of these vari-
. dbles have been afforded attention.. Their inclusion in this étudy‘ o T

aléo; will enablé‘ready comparison of findings to be made between
studies.

' DEFINITIONS

‘l, The AAAS-SAPA definition of Hypothesis States that: .

" An hypothésis is a geﬁeralizatiﬁi“that includes all objects, "

*. or events of the same class. Hypotheses can be formulated
on the basis of observations or of inferences (AAAS Commission -
on Science Education, 1965, p. 31).

'Y ‘ This defihition will not be used for the purposes of this

~
1%

inﬁestigqtién"sinpe an hypothesis does not necessarily have to. con-
stitute a generalization. It may in fact consist of an attempt to

accc "t Zor a very specific situation in very specific terms.



. | 4 o | \
The Alberta Currlculum Gu1de deflnltlon of formulatlnq hypo-

theses' states that

_/'

‘phenomenon or the relati nship between two variables.. An
hypothesis tells how to obgerve an expected outcome of ap )
experiment (Alberta_Curricu Gulde, 1969, p. 8).

the phrase. 'the relatlonshlp between two varlables“ 1mposes too

restrictive a condition "The formulatlon of hypotheses often 1nvolves

!the explanatlon of a phenomen@h or phenomena in whlch more than two

varlables cdﬁé\lnto play ‘

For_the-purposes of this study yggtheses will be‘geflned as
| alternatlve tentatlve explanatlons‘of observed phenonfna, which h
.lead to the formulatlon of testable predlctlons. The testable

fpredlctlons, in turn, lead to the substantlatlon and acceptance of

' the orlglnal explanatlons, or- to thelr rejectlon or modlflcatlon

3

2. ngh Quallty Hypothe51s. Involves an explanatlon which
is functlonal w1th1n the deflned 11m1ts of the experlmental 51tua-‘t
Y

tion.

3. Formulatlon of Hypotheses Score. Refers to scores baseqd

LIhese scores may-be characterlzed accordlng to specific

task,situatlons and stddent grouplnqs as follows:

° a. Formulatlon oﬁ;Hypotheses Score (individual visyal-

©

mechanlcal) - ' ‘ o e

b. Formhlation of Hypotheses Score (1nd1v1duai v1sual)
. ¢$, .

- €. Formulation of Hypotheses Score (grOLD visual!

o



4. Formulation of Hypotheses Speed Score Refers to a score

based upon the number of functlonal hypotheses formulatedAby the test

S

~subject dlvxded by the tlme requlred for the1r formulatlon. _ < ST

5, Intelllgence.- For the purposes of this study 1nte111gence
. e

has b8k1 de51gnated as low, average or high on the ba51s of the score

<«

qobtalned on the S R. A Prlmary Mental Abllltles 2-4 (Grades 1, 2, 3)

or 4= f»(grades 4, 5 6) ' On the basis of percentlle norms proVided'
w1thAkhe S.R.A. test, students from the flrst to thlrty-thlrd per-~
fcentlle in each grade w1ll be de51gnated as the low I Q group for
that grade. Students from ‘the thlrty—fourth to 51xty—se¥eith/9
‘V’centlle in each grade will be designated as the average I.Q. group
for that grade, and students from the 51xty-e1ghth to nlnety ninth -
: percentlle in each grade will be de31gnated as the hlgh I. Q group

S o
for that® grade. '

-

; o 6. Verbal Ablllty . Refers to the score obtalned by the
"subjects on the 'Verbal Meanlng Ablllty vsubtest of the S R A. Prlmary

Mental Abllltles Test.

7. Spatlal Relations Ability.»,Refers_to the score obtained

by subiectsvon the"Spatial Relations' subtést of the S.R.A. Primary'

Mental Abilities Test.

.

- . 8. Npmerical Ability.  Refers to the score obtained by Sub-
jeotsvon the 'Number'Facility‘ subtest of the S.R. A Prlmary Mental

14

Abilities Test.

[

9. Reasoning Ability. Refers to the score obtained by sub-
jects on the 'Reasoning' subtest of‘the ng.A.‘Primary Mental

1

Abilities.Test, o S 4 ' R ©



10. Perceptual Speed Ability. Refers to the score obtalned

i by the subjects oh the 'Perceptual Speed' subtest of the S.R.A.

" Primary Mental Ab;lltles Test. &

“ " IYPOTHESES .
1. NG significanc relationship exists.between the Formd}a;i22-\\.
of Hypotheses Score (individual visuel—mechanical) and the Formulation
of Hypocheses Score (individual visualf.
2. Nobsiéhificant relationship-exiscs between the Formulation
of Hypotheses Speed Score (individual'visual—mechanical) and thev
" Formulation of Hypotheses Speed Score (individual v1sual)
’ 3. There are no signlflcant relatlonsh;ps between the Formu—
latlon of Hypotheses Scores (both 1nd1v1dual v1sual~mechan1ca1'and
. ‘ §
v,lnd1v1dual v;sual), the Formulation of Hypotheses Speed Scores
(both individual visualfmechanicai end indiyiddal visuel) and:
(e)vsex, (b) age} (c) grade, (d) generai inteiligence, (e) verbal

o s

meaning ability, (£) numb@r fac111ty, (g) spatlal relations ablllty,

h) perceptual speed ablllty, and (i) reasonlng ablllty
4, There is no 51gn1f1cant relatlonshlp between the Formula- .
tion\of H otheses Score (group visual),.the Formulatioh of Hypotheses

- Speed Store (group. v1sual) and: (a) sex, (b) age, end'(c)‘grade{‘

5. There is no 51gn1flcant 1nteractlon between grade level

and sex w1th respect to:

(a) formulation of hypbtheses score (individﬁallvisual?
mechanical),
(b) formulation'gf hypotheses, speed scoreﬁ(individual

. N o . o ;

- .
3



- visuai—mechanical)rr " ' . b

~{c) formulatioh of hYpotheses score (individual visual), -

[}

' (d) formulatlon of hypotheses speed score (1ndlv1dual ) S

. visual).
® : ' Co ’ <
6. There is no signifizant difference between boys and *
girls in -
=4 (a) formulatlon of hypotheses score (1nd1v1dual v1sual—
mechanlcal), y. ’ )
) formulatlon of hypotheses speed sc\re {(individual
- . v1sual—mechanrca1),, _ B ,
e . o s . : *

;Jﬂ St i ' (c)_ formulation of hypotheses score (individual v1sual),

RSy
Nl

(d) formulatlon of hypotheses speed score (1nd1v1dual
v1suaI) in each of the gradss one through six.

7. There is no srgnlflcant‘dlfference.betweenfgrade'levels

_in: e o o * |
(a) formulatlon of hypotheses score (1nd1v1dual visual- “
.é?' | mechanlcal), ’
B (b)‘ﬂformulation of-hYpotheses speed score (ihdividual_
visual-mechﬁnical),
(6) formulatlon of hypotheses score (1nd1t1dua1 v1sual),
(d) formulatlon of hypdtheses speed score (1nd1v1dual
Y, v1sua1) from grades one through 51x.

8. There is no 51gn1f1cant 1nteractlon between grade level

and I.Q. with respect to:

(a) formulation of hypotheses score (individual visual-

mechanical),



(b) formulatlon of hypotheses speed. score (1nd1v1dua1

visual- mechanlcal),

‘(c)‘ formulation of hypotheses score (individual visual),

() ,formulatlon of hypotheses speed score (1nd1v1dual

VlSual)

9. There is ‘no 51gn1f1cant dlfference between 1ow, average

L T

and hlgh I Q. students in-
(a) formulatlon of hypotheses score (1nd1v1dua1 Qisual—
’ ﬁec nical), | ‘
(b) xormulatlon of hypotheses Speed score (1nd1v1dual
o v1sual—mechan1cal) T
? | . (c) nformulation of hypotheses sccre\(individual visualf,
(d) formulatlon of hypotheses speed score (1nd1v1dual
v:Lsual) , in each of the grades one through six.
10. There is no significant ‘interaction between I.9. and sex
w1th respect to. | | |
(a) fOrmulatien of'hypotheSes scere.(inditidual visual-
mechanlcal), | |
o (b) formulatlon of hypotheses speed score (1nd1v1dual
v1sual-mechanlcal). o
(c) | fotmulation of hypotheSes score (1nd1v1dua1 vxsual),

5.

(Q) vformulgtlon of hypotheses Speed score*(1nd1v1dual

visual).
LIMITATIONS
L

1. Prior experiehce of.the students in the formulation of . °

10



S11

hypotheses both in, science and in other areas, was not taken into

account in this study, , o o
‘ % : .
2. lthough every effort was made to standardlze procedures

in admlnlsterlng and evaluatlng ‘each task 1nvolv1ng the formulation
of hypotheses,.experlmenter bias may have 1nfluenced the admlnlstra-

tlon and evaluatlon of the tasks.

"3 . The schools selected for this’ study were not selected at

random, but wege chosen by their respectlve admlnlstratlons.. This
could mean that a truly representatlve sample was not obtalned and
thls fact should be carefully con51dered if attempts are made to

generallze any of the results with respect to other pop tlons.
E N "-
4. The valldlty ‘and rellablllty of the tests employed was

:not establlshed.) The tests however, would appear to have 'face @ f;,

v l

‘va11d1ty if it is accepted that the tasks set’ 1nvolve the: 'formula—
. Fn
tlon of hypotheses' for thelr completlon.

bl ' "~ OVERVIEW OF PHE STUDY

The natUre of the problem’ under 1nvest1gatlon hav1ng been

presented, a review of the llterature related to the study'w1ll be

i ! v i B O
presented in Chapter 2. Chapter 3 contalns a detailed description

of each aspect of the exper1mental de51gn, the methods and materlals ‘

rused in the study, and the € “tlstlcal analy31s used to test the |

A

*_hypotheses. The results of - = analy31s of data are reported in-
;Chapter 4 together with a descrlptlve analy51s of student performénce
—‘w1th respect to the 1nstruments used. Flnally, Chapter 5 prov1des

-a’ summary of the results of the study, 1nclud1ng conclus1ons, )
A . o . ) ; :
/;\/f,’ . y e S N C .
fv - : . . -
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implvi'c;,atio'nys‘ and suggeg'ﬁ‘ions&.. for 'fu;rt_ljzugir research. S

LRSI TR



Chapter 2. S ’
'REVIEW OF RELATED LITERATURE".
Research llterature .Pertaining to this- study w1ll be dlscussed
under:two maln headlngs-‘ research related to the development and

§ evaluatlon of process SklllS ‘and research related to the process of

formulatlng hypotheses.

B

"w" Prlor to the nlneteen—flftles, -two dlstlnct approaches towards
sc1ence educatlon were commonly adopted. The content'_approach was

‘most frequently followed and to a 1esser extent the fScientific

Method' aPproach was used “ v R e

The content approach empha512ed the- learnlng of a body of \\“
knowledge, of descrlptlve relatlonshlps, and of generallzatlons that"

prov1ded the most w1dely applicable explanatlons of phenomena.

o The scientific method approach encouraged students to solve .

problems, usually in accordance w1th the rlgldly deflned steps-of

certaln formal models.v The steps were con51dered representatlve of

the essentlal steps encompassed by 501ent1f1c reasonlng. Kneller
o

(1966) malntalned that formal models, as commonly utlllzed,_were of

: llmlted beneflt to young students, on account of thelr hlghly abstract
nature, and were also of limited’ beneflt to older students who would '
llkely have advanced to a stage where more spec1f1c skllls were

Y

needed.



o . : ’ .
_ ﬂﬁ'; Gagne’ conSLdered the sc1ent1f1c method approach to be llmlted
0 - Q o ki
“in poteztaal because it falls to establlsh a broad ba51s of knowledge

¢

.- Which cbuld be generallzed to all 51tuatlens Wthh are llkely to be
T ey Y
encountered bv the student (AAAS Comm1851on on Sc1ence Educatlon,

1965, p. 11). -~ | | BT - -

The_launcﬁiﬁg/o;/;putnlk by the Ru551ans -in 1957 Had a pro- = .

-found effect Qn sc1ence and sc1ence educatlon in the Unlted States.
. R :

Fearlng that Amerlcan science standards in general were lagglng

behlnd those of the Ru551ans, a large-scale reappralsal of sc1enCe

ot - —~ - 3

e

educatlon was 1n1t1ated in gh attempt to upgrade, as qulckly as

e

Possivie, the quallty and prestlge of . sclence and Science edlcatlon.

‘o

2

YoThig reaopralsal was rllumlnated by ar strong desire for 1nvolv1ng
. studtnts more dlrectly with the modus operandl' of the sc1ent1st
As new programs rapldly developed in response to the new

=~ - -

demands of sc1e1 =ducat10n, the emergence of two distinct approaches-

became evrdent—-namely\tke 'Creativej approach ‘and thé 'Process' .

o
“ v

approachi C S ‘\_u' - oy ’

.
»

. 5: The creaqdwe approach as the term 1mplaes,,was based upon

1

8 con51deratlon of the sc1entlst as belng ‘a highly creatlve 1nd1v1d—

i

'Accordlngly attempts were made to develop the general creat1v1ty

of the student Sltuatlons designed to attaln this objectlve were -

-

P spec1f1cally deblsed toaencourage, toe a ma;:muhﬂfthe generation ofC‘

‘novel 1deas. e . S e

Whlle Gagne accepts the generatlon of novel 1deas as a
' e
worthy objectlve, he nevertheless con51ders & program whose

.

ralson d etre 1s solely the achlevement of that one objectlve as

-

B

o - ) “a
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o

" being too limited in perspective: -

B

It is not enough to be creatlve '1n general'——one must learn
to carry out Criticdl and dlsc1p11ned thlnklng ‘in connection’
with each of the brocesses of science (in AAAS Commission on

Sc1ence Educatlon, 1965, p./4) ¢

The present approach to sc1ence teachlng regards the

Kt 0

sc1entlst s behav1our as complex sets of 1ntellectual abllltles

or processes which are capable of being analysed into s1mpler

1

components Advocates of thlS v1ew tend to conslder that the

\

processes can‘in fact be learned and that a sequenée‘of 1nstruc-

‘ tlons may be devised to fac111tate thelr acqulsltlon._ For\the

-

purpose of a-program of this type the acqulsltlon of process

e}

SklllS is based on’ 1n1t1a1 famlllarlty with the simple processes,

' students being 1ntroduced to the more complex,

1ntegrated processes‘.

5

subsequently. “This subsequent 1ncorporatlonnof the more complex

=
processes takes place 1n an accretlonary fashion. The advocates

s

—

e

of thlS apprOach bel evq_that by follow1ng such a pProgram the

students become 1ncrea51ngly adept at- solv1ng problems in making

a

. de0151ons, and, mdre generally in. thlnklng crltlcally

Kelslar (1969) makes a. useful dlstlnctlon between the

-

creative and the process approaches towards problem—solvrng., He

sees the creatlve approach as one whlch typlcally expresses an

N

B

open—ended' v1ewp01nt, in the sense that few controls or restric—u

tions are 1mposed upon the problem—solver. SystematiC'training

does not occur, and objectlves are not spec1f1ed.‘ In contrast,

-

.

Kelslar sees the process approach as -one whlch tVﬁlcally expresses

4 ’ o,

goal_dlrected' orlentatlon, in the sense that objectives are

succ1nctly spec1f1ed 1n,behav1oural terms

o . v

15
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Generally speaking, these opposing viewpoints é?ve given

u

rise to, and a.e reflected in, the current controversy raging between
advocates of the behaVioural objective Viewp01nt on the one hand

and their opponents and ‘critics on the other kand : e

R

In support of the behaViourists, Walbasser (1096), the,

- i

director of SAPA evaluationj condemns those science ;:'grams which

tend to make frequent usage of such vaguely defina=d objectives as

s

'increased understanding' or,'developing-appreciation'ffor example, .
. N vz

belieVing that these objectives cannot be objectively evaruated.

Consequently Walbasser advoc&tes the stating of speCificsobjectives, /”j

which, Wlthln the SAPA program, are conSidered met w1th the acquiSi-‘<

4

"tion of.specific behaviours, the presence}of which‘can.supposed}y i
' : . . 4

‘be determined through measurement. In cOntrast to the'views of

Walbasser, Atkin (1968) maintains a very cautious attitude towards
the‘wholesale adoption of behaVioural objectives .as. the baSlS of
,curriculum deSign. He believes that:,

) 1:f BehaViourists assume they know or can dentify, all the .

b P
major educational pbjectives for which an indiVidual strives.‘

A 2. Amorj behaViourists there exists a ndency to believe
that objectives ‘most easily measured are the most important. :

3. with the speCifying of behavioural objectives, a tendency

eXists to teach‘expliCitly for eaSily identifiable learning outcomes.

Theee\key points indicate that Atkin conSiders that the Con

behaVioural apn\oachpis Slmpllstlc for the sake of convenience in

B

fts emphaSis upon the. identification of certain observable behaViours

I3

for the faCilitation of measurement Essentially Atkin feels that

16
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the behav1oural approach involves the downplaylng of non—observable

-

_objectlves._ _ A y . o ~P‘
With:reference to science education hovevékK:Walbasser (1966) - “
stresses:v . - - ( ; | o |
- the 1nescapable obllcatlonvof science programs to supply
\R objectlve evidence of accomplishment (p. 34).
| He further demands that all evidence be capable of satls%ylng
I 5

‘the essential crlterlon that it was obtalned by defens1ble‘research

N ~

proéedures Wthh themselves are capable of repllcatlon by 1ndependent -

' >

investigators, Ev1dence of this, type, he belleves% can only be
obtalned if objectives are spelled out in observable, and hence

‘measurable terms,
L3 ' - - . - M . 14

Evaluation . o y . -
Science programs which have chosen to adopt the content

approach have tendea to evaluate student performance almost entirely

- in terms of ability‘to recall facts. Teachers are commbnly requlred
. to dev%se evaluatlon technlques in the form of examlnatlons whlch .
» _ . a v

requlre wrltten oxr verbal student response for thelr successful'\

! .
completlon. Until relatlvely recently, ﬂprmal coursesvde51gned to

1mprove test constructlon technlques were less. frequently avallable

'

' to classroom teachers than s now the case. 1In consequence-evalua—

“tion techniques COmmonly devised and imnlemented were often inadequate

t

and subjectlve in nature. ’

W1th 1ncrea51ng acceptance of sc1ence as - mode of»inquiry[

v

‘ rather than as a flxed body of knowledge, one ;= forced to glve L
‘\,

crltlcal con51derathon to the adeqhacy and efflcacy of current

S
o
-



;,“

evaluation procedures and of their evolutlonary potential with , .

A ¥ .
R

respect to the changes whlch must 1nev1tab1y occur w1th1n the con-

Y
text of 501ence and sc1ence educatlon. Apparently student evaluation

still rests heav11y upon ablllty to recall (Munson, 1967) The laq

ex1st1ng between newly adopted 1nstruct10nal procedures and assoc1ated

evaluatlon procedures has arlsen largely -as a result of. the inconsis-
o

tencies ex1st1ng between ‘stated and measured objectlves. Teachers

‘not expert in devising and effectlver applying new. evaluatlon pro-

cedures_are exper1enc1ng dxfflcultles_ln assessing,the extent to’
o e B . : -
which the stated objectives_are"Ht Lned by‘the Students (Smith,

1969). leflcultles ass001ated with the teachlng of science processes
w111 continue untll a time is reached when:

s -

‘the objectlves are written in terms of - observable and hence Co

measurable aspects of human behaviour (Hedges, 1966)
' and when.' S / /- o

' : evaluation technlques are constructed in the 1lght of
* carefully formulated operatlonal definitions of the lnstruc—
> tional objectives (Engelhart and Beck, 1963) <; ..:

It is apparent that these requirementsﬁcan only rarély be
satisfied by°the individual teacher. Respon51b111ty must therefore

p .
rest. upon -the combined efforts of experts to dev1se test and valida-

-~ . .

.
-

tion technlques within several related fields;‘and to provide

'1nformatlona1 and admlnlstratlve services to those respon51b1e for
-’ L3N

thelr appllcatlon.

a . 3

While no program may’eueh\completeiy satisfy these require-

ments, the SAPArprogram‘COmes?close +o attaining them. SAPA, in

stre sing behav1oura1 ob3ect1Ves has led to the development of
’ [ »

process competency measures in an effort to determine the



[
I3

o

proportlon of de51red student performance characterlstlcs. The
process measures exist in the form of teacher check-lists by the
yuse of “which the teacher assesses the 1nd1v1dual s ablllty in a

certaln process Sub]ect1v1ty is mlnlmlzed as questlonlng procedures,

4

recordlng of responses, subsequent f1na1 assessment and evaluation

of responses axe spec1f1cally and suc01nctly prescribed, formlng an

integral part of the procedures and documents to be used. The

teacher, relleved of respon51b111ty in dev151ng the tests, acts

solely in the capac1ty of adginlstrator. -

o

o

An everpresent dlfflculty assoc1ated with this type of
evaluatlon rests in the tlme requlred for the- administration of the .
test and for the<assessment of the performance of the student .on an

.1nd1t?dua1 basis (Andergd@ .19677. However this problem seems to
be an 1nev1table assoc.Late of all)effectlve tests of thlS type.
Readily avallable group tests would greatly reduce the problem'
associated w1th thls time factor, and would 1ncrease admlnlstratlon

v

'efficiency. Wlth less teacher/student 1nteractlon, sub3ect1v1ty

T

mlght also be mlnlmlzed At the present tlme, the SAPA program

;ncludes tests whlchevaluateonly certaln ba51c processes on-a group

’ba31s ' . : RS ' .

.

‘ Ry ‘
Atkin (1963) has cr1t1c1zed the SAPA competency measures

Strategy in general on .account .of the check ~lists evaluatlon pro- o

cedures whlch he feels, focus spec1f1cally on short—term behav' ural

, a

changes, and he further malntalns that long—term behav1oural c ange"
become obscured. Recently a "801ence Process Instrument' (1970) has
g -~

been constructed whlcﬁ’purports +to measure progress in- students

19



mastery'of behaviours associated with the prohesses. As such, the
_lnstrument cupposedly provldes a ba51s for long-term assessme;t of
progress. At the time of. wrltlng,lthls instrument is available for
..the evaluatron ofbbas1c processes only, andvno data exist pertaininél
" to its validity.
| . In addltlon to the evaluatlon attempts made by AAAS——SAPA‘

1nd1v1dual and’ group tests have been devised for objectlve evaluation
-of certaln brocesses by certaln other researchers, as is‘d‘scussed
below The sca}c1ty of avallabfe tests may be explalned partlally

as a result of the dlfflcultles associated w1th deflnlng objectlves

and perhaps

- Processes have only recently been objects‘of more intense '~:
: research_(Burns and Brooks, 1966, P. 28)L

Furthes tests whlch are of relevance to the present dlscuss1onV
1nclude those of: . 1: N -

(a) Butts: and Jones (1966) who developed the TAB Test for
asse351ng the performance of chlldren from grad even to twelve'
w1th.respe5t to certain .science proceSSes.

| (b)“ Tannenbaum (1969) who developed a Test of Science
Processes for chlldren from grades seven ‘to nine. ' The processes
cons1sted-of observation, comparlson,»classification, quantification
measurenent,'experimentation, 1nference and predlctlon, the test
questions belng posed 1n both wrftten and in plctorlal form This
cest has yet to be valldated. | .

‘(c)' Dietz ‘and George (1970) who - developed a rellable and

valid group test capable of evaluatlng certaln problem—solv1ng skills

]
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in children within grades one, two and three. - The skills consisted
of the ability to.recall, the abili;y.toLgollect data through
viSua} observation and tHe ability to arrive at solutionsitoipréblems

by'réasoning, using 'jf-then' statements. Test quéstions were orally

posed in order to minimize variance dpMe to reading directives.

ad (d) Beard (1970) who developed a Basic Science Process
Test capable of evaluating the procesées of measurement and classifi—

cation on a group basis. - ' e r
FORMULATING HYPOTHESES -

N

Défihitions of Hyﬁbthesis
:ﬁDefinitions‘of the tefm hypothesis are many -and varied. An

1anaiy$i§;of defiﬁitions propbsed by.cértain psychologists; philbso—

phers aAd ééiénce edﬁéators'illusﬁrates the existgnce-of wide dif-

ferences in interpretation of the meaning of the term. To Guilford

(1939) an hypothesié'is simply an inference. He claims that whatever

applies‘tp an hypoﬁhesis_may alsp apply to inferences in generél}

To Gagne (1955) an hypétbesis is a geﬁgralized inf;rence.
This defi5itioﬁ has beefi accepted by the developers of ‘the SAPA
pidgram and‘exeréises designea for developing fhe Etgdent's ability 
to-formulate h&pothése; ha;e‘been'basga upon thisfdefiﬁitionr

| Péstm&n considers ah’hypotgesis to beja'éelecﬁiﬁg device.
He maintaips.that an hyéotﬁesis is én explanation or a‘predispogition'
'of the organismvw?ich serves to éeleét,:okganize and traﬁsfer to the‘
‘stimulﬁs informg;ion that comes from the‘énvironménf (iﬁ Rahrer and

t

Sherif, 1951, pp. 249-258).

L1
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an hypothesis to be a selecting device.

Car

Bruner (1956) and Inhélder and Piaget (1958) alsonconsiaer
‘ O

Many philosophers and science ‘educators, including Atkin
11956), Woodburn and Obourn (}965), Coleman (1966), Hempel (1966),

Moore (1967), Renner and Ragan (1968), Ruby (l968)'apd Quinn (1971).

. e ' . . - . - . .
' considertheg%lement ‘explanation’ as an essential and crucial

'alternative tentative explanations of ‘observed pherromena; which

vconstituent-of the definition of hypothesis. For the pufpdses of

this study, as already stated, hypotheses will be defined as

lead to the formulation of testable predictions. The testable

p&idictions, in turn, lead to the ‘substantiation and acceptance of

the original explanations or to. their rejection or modificatioﬁ;'

The High Qualiﬁyiﬁygptheéis T ' g

A review of the writings of Beardsley (1950), Beveridge .

(1957) , Hullfish and Smith (1961), Woodburn and Obourn (1965),

22
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é

Moore (1967), Ruby (1968) and Quinn (1971) indicates commoh écceptance‘

of the following qualities as ‘essential constituents of aA‘gOOd' or

high quality hypofhesis:

1. The hypothesis accounts. for all -the p;esently known
relevant facts.
2. Théghypothésis is fruitful,ih'directing further actioﬁ

P

.enabling the prédiction of spécified_futufe observation.

3. The]hypothesis can>be'teSted or verified either immeﬁi— :

ately oxr eventually.
4. ‘?he hypothesis is'preéiselyvstatedL
5.//The‘hypothesis is stated in-thevsimplest formﬂéaéqﬁate

‘

/



23

fdr the expression of all facets ofthe problem.

v

Hypotheses, Theories, Laws and Principles
Oplnlons concernlng the relatlonshlps ex1st1ng between

o

;"l hypotheses and theorles vary conSLderably
&yj) N ‘v:f Rogers (1960) cons1ders hypotheses to be building blocks
."necesSary for theory constructlon On the _other hand Suchman »
(196&) regards the terg%f”éypothe51s' and 'theory as belng synony-
mous He considers it unnecessaf@ when teachlng elementary school
science, to dlstlngulsh between hypotheses, theorles, laws and

' prlnc1ples " provided studentsJare capable of dlstlngulshlng betWeen

abstract theorles and .empirical - events

In contrast to Suchman, phllosophers of 501ence do attempt

to make a dlstlnctlon between these terms Roblnson (1965) for

<

example, conSLders hypotheses to be deduced from laws, laws from

'prlnc1ples, and pr1nc1ples from theorles..fHowever, as Quinn1(l97lf

points. out: T ‘ o ‘
Phllosophers do not agree amongst themselves on exactly when
an hypothesis becomes a- law, nor on how prlnclples differ

" from laws, nor on what constitutes theory While there is.
general . -agreement that the hypotheses, theories, laws and
principles should explain Physical phenomena, there is con-
siderable difference of opinions as. to the functjon and
esseptial characterlstlcs of scientific explanation (p. 12).

The HypotheSis'and Problem-Solving

Problem—solv1ng occuples an essentlal p031t10n w1th1n he

context of 1nqu1ry Among others, Hutchlnson (1949), Ghlsell

(1952), Dewey (1953), Patrlck (1955) and Osborn (1957) have con- ' _;’///

structed llStS whlch feature the steps or stages whlch mlght be

S T S0 !
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considered as‘essential in oroblem-solv1ng Constructlon of such
Vllsts has commonly resulted from the author's 1nvolvement in one or
more of the follow1ng act1v1t1es ) |
.hl. Introspective analy51s of mental pProcesses and methods
v of}working, e.q. P01ncare (1952), .
2., Analysis ofiaccounts provided_by'others, e.g. Ghiselin -
(1952),A ‘ | | | ”
3. ’Emplrlcal 1nvest1gatlons of sc1entlsts engagedﬂln‘
problem—solv1ng, e.qg. Patrlck (1955) .

Awareness of the fact that 1nd1v1duals solve problems 1n'
dlfferent manners, 1eads most 1nvest1§ators to p01nt out that all
'1dent1f1able bProcesses 1nvolved in problem—solv1ng may not be used
.. in a spec1flc 51tuatlon by all. 1nd1v1duals, nor may they he used 1n
'the same sequence by dlfferencellndav1duals in the course of the- ©
solutlon of a partlcular problem. Osborn- (1957) admlts that certaln

.

'bstages w1th1n hlS conflguratlon may even at tlmes be completely ,

-

fbypassed
v ‘Thebprobl¢ﬁ§501v1ng sequence of Dewey (1953) con51sts of
(a) deflnltlon of the problem, (b) locatlon and evaluatlon of the
data, (c) formulatlon of hypotheses, (d) evaluatlon bf the hypoth-
eses and (e) appllcatlon of the solutlon ‘while that of Osborn
(1957) comprlses-7 (a) orientation, (b) p;eparatlon, (c) analy51s,

(d) hypothe51s, (e) 1ncubatlon, (£) synthe51s and (g)" verlflcatlon.

LlStS complled by Patrlck (1955) and Hutchlnson (1949)
5}

(a) preparatlon, (b) 1ncubat10n, (c) 1llum1nat10n and

(a) verif;catlon, while an analysis by Williams'(lQSO)'of 1ists~v,‘ h

b Cn




omplled by twenty authors revealed that the formulation of hypotheses

featured con51stently as a 51gn1flcant process w1th1n the context of

problem—solv1ng

The Formulation of Hypothese§

Iy

' Martln (1972) dlstlngulshes three procedures - 1nvolved‘1n the
'formulatlgp of hypotheses

| ;l. ‘Those procedures which may be deliherately adopted‘
(i.e. those which are largely undsr COnsciQus control),

N
2. Those procedures which cannot be dellberately adopted

(i.e. those whlch are largely under non-ﬁon:c1ous control),,
p

3. Those procedures,which can be : rtially\adopted (i.e.

those which are partially under consciousécontrol) ™

Examples of the flrst typé include operatlonal teghnlques

~

such as bralnstormlng and the synetlcs approach Kne‘ler (1965)
c1t1ng several examples of bizarre devices used by emlnent sﬂholars'
;as aids to hypothesxs formu@atlon o

Examples of the second type occur, accordlng to_ Freudlan .
theory, largely w1th1n the perlod of. 1ncubat10n This incubatidn
perlod represents a tlme durlnc whlch the conscious part |of the

é . .

personallty relaxes permlttlng the unconsc1ous part to formulate in
some unkfiown ‘way, an hypotheS1s or- hypotheses. 1 , .'v~ |

'nmeples of ‘the thlrd type 1nclude the utlilzatlon of the

stages of preparation,’ 1ncubatlon and 1llum1natlon as- suggested by -

R

Hutchlnson (1949), Patrlck (1955), and other authors. It is apparent'r

that whlle the preparatlon stage can be dellberately adopted, the

other two stages, presumed under larqely non-conscgous'control,

25
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‘ /Canhot,be deliberately adopted.

Seyeral writers, 1ncluding Popper (1959) and Hempel - (1966),

#

e

argue»that the formulatlon of an hypothe31s as dlstlnct from the

testlngwhiian hypothe51s is a non—ratlonal act. Martln (1972)
a4 g " .
1dent1f1eé several p0551ble 1nterpretat10ns of the term 'non-

i

rationalJACt and suggests that thg term may indicate that:

kq l,v No procedure is known which leads in predetermlned and
. ) ,
followahle steps to an actual hypothe51s formulatlon. '

~

.2.7 Hypothe51s formulatlon, belng an uncontrollable process
is best left to happenstance rather than to purposeful act1v1ty.
T3, Procedures that can be adopted partlally only, are more
successful than procedures whlch may be. dellberately adopted in toto

ionly

Martin con31ders thls latter 1nterpretatlon.to he-the most
likely deplctlon of what generally is belreved by those who consmdef
_hypotheSLS formulatlo; to be'non;ratlonal In suggesiing that

'partlal procedures are llkely, ‘at the present time, to be the most ‘
successful' method 1n formulatlng hypotheses (1 e. produ01ng w1tht’

a hlgher relatlve frequency, hypotheses w1€h more deslrable propertles
than those produced by other procedures), Martln (1972) nevertheless

iforesees, with an ant1c1pated development in psychology and phy51ol-'

T ogy, .a tlme when the non—consc1ous elements associated w1th partlal

fprocesses become, to a large extent controlled

b

:
" ' . .
(f‘ T, . . T
| . . - . . i
v , d . .

Eyaluation of Hypothesis Formation

g

.

If Cralg (1966) is correct in assertlng that young chlldren'

can formulate hypotheses as tentatlve explanatlons, it becomes“

!



apparént that the valuatlon of ablllty to formulate hypotheses must
account for much more than the mere determlnatlon of an 1nd1v1dual'
capablllty with respect to hypothesis fo ulation. Essentlally,

three factors must be accounted for in any effectlve ;and objectlve

5

. evaluatlon of  the ablllty to formulate hypotheses——namely those

N,

factors anOlV1ng the quallty and quantlty .of the hypothese§ formu—

(

 lat®d and the duratlon of ‘time requlred for their formulation. In

general terms then, an 1nd1v1dua1 judged to have ‘a high ablllty in 7

formulatlng hypé%heses is capable of formulatlng large quantltles of

hlgh quallty hypotheses in minimal tlme

f‘mhe criteria employed in the 1dent1f1catlon of hlgh quallty

©

hypotheses have earlier been noted (pp 22 23) It 1s therefore

sufflcaent to say. that objectlve evaluatlon of the qualaty of

hypotheses formulated nece551tates the ex1stence of some rellable

l .

scale or 1ndex of quallty which 1ncorporates those attrlbutes

"

“

prev1ously mentloned (pp. 22423)

>

The lmportance of formulatlng hypotheses in quantlty ‘has
been- emphasrzed by several 1nvestlgators——the prlnc1ple of mul 1F1e

worklng hypotheses generally flnding favour Chamberlaln (1890)

v .

warned agalnst the adopq;on of one’ hypothe51s alone, the" hypoth-
e51zer then belng llkely to ‘develop a. fondness for hlS Qne hypoth—
esls,,tends to seek only supportlve ev1dence. As a precautlon_
agalnst“the.occurrence of such an event Chamberlaln accordlngly

encourages the practlce of. the formulatlon of many hypotheses.

[N

Renner and Ragan (1968), Moore (1967) and Coleman (1966} con51der
2 *

‘the greater the number of alternatlve hypotheses formulated, the ";

v

X
)
5

NG
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ugreat%;'is‘the ciiance of the solution to the problem being found.
/. Osbprn (1957 bélieves that "early ideas are not usually true ideas"
I i . . . .
W :

(p. 114).

o

o

o . .
He thus stresses the'impprténee of formulating maniy alterna-
| tdue"hypotheses in'order to improve the duaiity of hypotheses
| forhulated( his ﬁette beiugltin general texrms ‘quantity yields’
quality.' | | |

Accegtihg quantity as afsignificautbfepter in hypothesis
_formulat;dn; the objectivé evaluation of:the ebiiity to formulate .
'hypotheees must, théu, take the factot oﬁiqdantity into accdaut;

o N

“Attempts to Determine Ablllty_ln the Formulation
of Hypotheses ‘

o

Hutlbut (1956) pfesented‘specifié science problems to

_univerSity students. The result$ oﬁtaiued from the investigation,g

indicated that:
1. Students of greater word and reading ability'selected

.- : / ’ o .
‘hypotheses of higher quality than did students possessing less

P

SR

3

o

ability: in these“areas.
2. A background in science appears to"be advantageous to-.

. ; . . t 7 ) . ¢
students in the selection of science&hxgggheses..

s

Atkin (1956) analysed the' verbal responseé of children from R

2 - . E . -

grades one <three and six who were involved:in specific, science

lessonisituations. The results obtalned lndlcated that:

1. Students from these grades hypotheélze freely.
2. Students use a varlety of sources when formulatlnq
hypotheses,:lncludlng authorlty, experlmentatlon, observatlon and

“ .

28
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‘original thinking.
~
3. Grade six students tend to fall back upon authorlty when
formulatlng hypotheses slgnlflcantly more'~requently than students

from grades one and three.
- T 2 N + R . o
»_ 4. Younger chlldren use observatlon as a ba51s for formu—
AT
: e
) latlng hypotheses 51gnrf1cantly more frequently than do older students

5. At the three grade levels studled studénts hypothesize

dw1th about the same frequency of accuracy. . ‘ o

‘2

Attempts at Teachlng the Formulatlon of. Hypotheses

9

Coleman (1966) has descrlbed a technlque in. which alternatlve ‘

‘ hypotheses formulated to explaln locatlons»of certaln spe01f1ed
shapes on a blackboard supposedly promote.sc1entific thinkihg amongst
W B ) ¢ ' : i ’ .

. non-scientists;

> \

Mlcc1che and Keany (1969) descrlbe the appllcatlon oﬁaan

Y

'Hypothesrs Machlne for use in improving a student' s'ablllty to -

~formu1ate hypotheses, and Kllburn (1963) has descrlbed an:experiment,
.- ' " Q -
: 1nvolv1hg the actlon of acids and alkalles on cabbage water, as a

ba31s for prov1d1ng students with experlence in the formulation of’
hypotheses ;' _ S )
A

‘ Qulnn (1971) demonstrateo ‘hat hypothe51s formulatlon can

be taught. The ability of 51xth grade chlldren to formulate hypotheses'
1mproved follow1ng sessions in which the Suchman Inquiry Development :
Program fllm-loops were shown and spec1flc 1nstruct10na1 procedures

laced upon the formulatlon

-

were adopted _ Empha51s in thls program was
of quallty hypotheses whlch were ‘evaluat d accordlng to a 'Quality

' Scale' dev1sed for the purpose by the au or. "'No attempt was: made to



~

e

take into account the qqantlty of hypotheses formulated

In %ummary then, the only measures whlch appear to have )
-

been devised for the evaluatlon of ablllty in the formulatlon of *

hypotheses, are those of the Competency measures utlllzed within

.the SAPA program, and that of the Quality Scale dévised‘by Quinn.

o



L) ‘_ : Chapter 3

DESIGN OF THE STUDY . - e

- ' THE saMPLg = - o

1

" The .Population from whlch the samples were.selected con51sted
of students drawn from six elementary schools, three from the |
Edhonton Publlc school system,_one from the Edmonton Separate school
system and two from the County of Strathcona, Number Twenty school

system These schools, selected by thelr respectlve admlnlstratlons,

prov1ded samples of students from a range of soc1o-economic and’
s}
cultural backgrounds One hundred and twenty-flve students selected

at random from the schools participated both in the 1nd1v1dual
v;sual-mechanlcal task and in the 1nd1v1dua1 v1sual task Approx1—

..rmately twenty students were selected from each school four students
| normally belng selected from each of the grades one throuqh 51x. A-.
further two hundred students part1c1pated in the croup v1sual task |
The two hundred students involved, comprlsed the members of n1ne
classes, utlllzed in toto, at least one of the grades one through
51x belng represented by one‘of the classes. Table I summarlzes the

compos1tlon of the 1nd1v1dua1 and group sampIes w1th respect to sex

and grade.f
‘.. INSTRUMENTATION = . | R

' Formulating Hypotheses ‘Task

In order to achieve the object:-es of this.study, three

31
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,activitiés involving the formulation of hypothgsgs, comprising two
individual'tasks and.oné;gfgup task, were desi%;éd.

‘The majoF‘actiQity;-ugon;which the othér.actiyities were -
bas;d, requiréd_students, in aﬁ.ihéi?idqél sqtting, tp.formuiaté -

hypotheses through mgnipulationAof an. 'Hypothesis Machine' - -
specifically designed and created for this purpose. This machine
was a modification of the 'Hypothesis Formulation Machiﬁe"Q¢eated“-_

. by Micciche :and Keany (1969) . L

Ca

The other individual‘and éroup aqtivities each émployed a
Pépéf-and—péncil “es . in order:td“assésé-the ability of the stuéehtﬁ,
”to.formulaté hypc - .. =2s undér constraintslwhich reQui?e a mo?e.abstract'
»-operative mode. | E ‘ : o

All of th¢,£est 5ctivities presented Werg‘desigqed tb‘meet.

\ specific criteria with respect to ﬁhe formuiation df h§potheses as
designéted Qithip ﬁhé broad aefinitibn of an hypothesis given in
_éhépter 1. RIn addition, the test qctivitieé Qere designed gn a
vfashion ;ﬁich permitted the objective evaluation Qf étudenté' abilities
in the formulation of hypotheses. As noted-in Chapteﬁ72; %g;ergl
_)Envestiga;ors have stressed the need for improvément_of the quality
6f‘hypo£he§és forﬁulated'ana of inc:egsihg the éuanti;y of hypqtheées. i”
bformuiated. Therefore this 6bjeé£ive gvaluétion was based upon thev

criteria of quality, quantity and the time required for the formula-
. : ; o . -

. . . . . 3 ’s
" tion of.the hypotheses.- o S : e
Materials _ o PP ) . o ,

1. Visual-Mechanical Task. The stimulus device used: for

the individual visual-mechanical task consisted of an Hypothesis
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Machine constructed fron balsa wood and consisting of six channels,
thetsides of which were fixed to a rectangular base measuring 22" x 6"
and set‘at an-angle of 5¢ tovthe horizontal in order. to facilitate
-motion of a marble located w1th1n the machine (see Plate I, p. 35).
Each channel was d1v1ded vertically into five identical sections,
., s .

separ;ted by.four gaps. Left—sloplng (black) triangles and rlght—
sloplng (green) trlangles could be 1nserted into these-* four ‘gaps.
lThe marble, 1ntroduced into the top sectlon of a channel and released,
would roll‘dOWn the channel until,it'reached the_bottom section.',Aw'
'_triangle,positioned within ohe of'the gaps associated withythis
channel served to deflect the marble 1nto the channel 1mmed1ately to
the left or rlght dependlng upon the nature of the slope of the»
trlangle. A cover p051t10ned on top of the machlne served to prevent ' ;’h\}

observatlon of the nature and dlstrlbutlon of the trlangles, and of

the route taken by the marble between start and flnlsh

-
v

2. Vlsual Task. The visual task'con51sted of a baper—and—
pencil test in whlch thlrty prlnted representatlons of the Hypothe51s
Machine- Were provrded Each 1llustrat10n showed a marble p051tloned

in the Same top section of a partlcular channel and a. marble posrtloned
1n the sSame bottom sectlon of a partlcular channel (see copy of this

<test in Appendlx F).

Procedures
St

. 1. Visua14Mechanica1 Task. Students were . tested 1nd1v1dually

¢

and in random order in each school by the 1nvest1gator usxng a standard :

procedure. The v1sual mechan1cal task 1nvolved manlpulatlon, by the

's

/

‘ students, of the Hypothe51s Machine. The machine was displayed’to the



PLATE I

HYPOTHESIS FORMULATION MACHINE




students and its principal features were descrlbed in order to

'famlllarlze them w1th its operatlon The students were asked to

insert the marble in the top sectlon of certaln channels, and to
observe the outcomes of release ‘of the marble. The rlght sloplng

and left—sloplng trlangles were then presented and follow1ng

1dent1f1catlon their mode- of operatlon was demonstrated Students

were 1nv1ted to position one of the trlangles within the machlne,,

and were further 1nv1ted to insert the marble in top OL the channel
con51dered to be instrumental in effectlng eventual contact between

_the marble and the triangle. Having witnessed the deflectlon of the

marble by the triangle, students were asked to descrlbe the effect.
After part1c1pat1ng in several manlpulat}ons 1nvolv1ng dlfferent

numbers and types of. trlanqles, students were glven two mlnutes in
h C “ &}?0‘3 ' i
'whlch to experlment with different comblnatlons and p051tlons of
trlangles within the machine. The functlon of the cover was then
3 e X

4demonstrated. _.The students were- 1nformed\that a ceqtaln number and
comblnatlon of trlangles, known only to the 1nvest1gator would be

b
p051t10ned under the cover w1th1n the mac {ne. This having then

e

' been done, a partlcular channel was lden 1fled by a 'flag te The

!

students were' then inv1ted to insert the marblexr\\the
channel and. to note the channel in whlch the marble e{yentually came

. to rest. ThlS latter channel was-al~o marked wlth a flag—

5

students were 1nformed that thexpartlcular comblnatlon of trlangles,

under the cover, was respcn51ble for the marble hav1ng travelled by

o

some partlcular route from the top flan p051tlon to the bottom flaq

| LI

p051t10n._ The .cover and trlangles were then removed, the. flags

.
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. Appendix B.

_lated.

alone remaining in their'original position. Students were then invited
to insertvtriangles in.any position'they wished within the machine in
attempts to dlrect the movement of the marble from the 1ndltated top

By

p051t10n to the -indicated bottom position. Hints were given that

severgl alternative possibilities for~échieving,this existed.. For

a>complete description of the instructional phase of this task see

A}

i

The following observable responses'were recorded by the
investigator during the course of student performanbe of the task:
1. The number of hypotheses formulated within. the defined

limits of the experlmental situation.

ot v

2. The number of hypotheses formulated-which of fered
exﬁlanations not functionally possible within the defined limits of

the experimental situation .
3. The number of functfonal hypotheses formulated on a

repeated. basis. C o . S : .

4. fThe{order in which each functional hypothesis was formu-

.

5. . The. time requiged for the formulation of each. functional
hypothesis."” S S .., ' \ - f
&~ - Co

6. The time required by the- students to complete the task

" to, the extent that they were @ble However, for purposes of economy

of time 1n admlnlstratlon of the task, fifteen. mlnutes were set as a

Maximum time limit allowable for its completlon.

Iy

.2? Individual Visual Task. Immediately following completion-

- !

of the machine task, a paper-and-pencil test was administered to the



<

stﬁgénts. 'They were informed that the;diagrams presénéed were priqted
. Yépresentatiopg of the machine, and-thaf ﬁhe funcfional capabilities
of éhannels, 9aps, triangles ang marble within the Hypotheéis Machineb
‘weré?tb apply, in a like manner, éoﬁthé printed représentations of

the machine., Students were then invited to draw in, on the copies

- ' , . e ’ " T ‘ ‘
Position, such~positiops being indicated by appropriately.placéd black

dots on the printed'representations (see p. 145).  As an additional

and optiongl feature, students were invited to«tndicate the possible -

3. 'Groug Visual Task. The studenté?engaged in the group

visual“task had not had an opportunity to manipulate the Hypbthéﬁis

‘this task sée'Appendfx'E: i

Machine,’and 50" had no khowlédgg of'it; mode of Operation, 'To,fgcili-
téte»an ﬁnderstandiﬂg Qf its operation; a lafée»scale reproduction 
Of‘the‘maéhihé, mgésuring 66" x 18" was positioned'at the front.of

tﬁe ¢lass:dom.in full view of the students. BYQWay>of ill&%tréfioh,
ﬁhe iﬁéestigator demonstidted seﬁeréi'péssible operations and functiong
" of the\ﬁachine and its conﬁentsx ‘Followiﬁg‘complotibn of ﬁhé Aemon—

stration,'a Paper-and-pencij test, identicai in form‘to_that used by



Scoring

B
4

1. Visual-Mechanical Task. The two questlons assoc1ated

with the visual-mechanlcal task were scored on the basis of certaln

observable responses made by the students, and recorded by the

'1nvestlgator on spec1ally pPrepared. data sheets. One point was glven
.

for each dlfferent comblnatlon of trlangles formulated by the student

Wthh offered an explanatlon whlch was functlonally poss1ble w1th1n

the deflned llmlts of the. experlmental s1tuat10n The ten functlonally

- possible explanatlons for the event deplcted in the flrst questlon

w .

assoc1ated with the 1nd1v1dual v1sual—mechan1cal task deflned a
‘maxlmum total Formulatlon of Hypotheses Score (individual vr ual—
'mechanlcal) of ten. The 51xteen functlonally p0551ble explanatlons
‘in the second questaon prov1ded a maximum total. Formulatlon of
‘Hypotheses score (individual v1sual—mechanrcal) of sixteen(q
. For purposes of analysis, the Formulatlon of Hypotheses

. Score (rndividualﬂvisual-mechan1cal) con51sted of the total Formu-;v

lation of Hypotheses Scores obtalned from the first and second 1nd1-'

v1dual v1sual—mechan1ca1 task | |

In an effort to add more dlscrlmlnatlve pPower to the task
,/

a time fa ctor was 1ntroduced the time- requlred for the completlon

of each questlon be1ng recorded flfteen mlnutes representlng the

'1max1mum duration permltted for. each questlon.' The“Formulation of

.

/Hypothe;es Speed Score (1nd1v1dual v1sual—mechan1cal) was determlned
:by divrding the Formulatlon of Hypotheses Score (1nd1y1dual v1sua1-_
'mechanléhi) by the.t}me requlred for formulatlon. L i
2. ViSUal”Taskgr The individual and groﬁpevisualFtashs '

Coeas
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s

were scored in identical fashion. Two questions were assoq1ated with

Q.

bl

each task. The 1nvest1gator allowed one point for each hypothes1s

formulated which offered a p0551ble functional explanatlon of the'

‘manner
to the-
routes

lation

ln Wthh the marble travelled from the 1nd1categ top p051t10n

indicatéd bottom p051tlon The 51xteen functlonally po751ble

“ 1

o]
assoc1ated with the flrst question deflned a maxlmum Fgrmu—

of Hypotheses Score (v1sual) of sxxteen for both the group and

the 1nd1v1dual task. The nine functlonally poSs1ble routes for

questlon two indicated a maxlmum Formulatlon of Hypotheses Score

)

(v1sual) of -ine “or both the individual ang the group visual tasks.

v Y .
For ;eroses of analysis, the 1nd1v1dua1 v1sual and group

visual Formulatlon of Hypotheses Scores con51sted of the totals of

tne Formulatlon of Hypotheses Scores obtalned from the first ang

second questlons~for the 1nd1v1du31 v1sual and group vigual tasks

espectlvely S ' R L -:

The tlme requ1red for the completlon of each question was

' noted flfteen minutes belng the maxlmum time permltted The Formu—

L

¢

lation of Hypotheses Speed Score (v1sual) for both the 1nd1v1dual

8]

‘and group settlngs was determlned by. d1v1d1ng the Formulatlon of

>

Hypotheses Score (v1sua1) by the\tlme requlred for completlon of the

taskL

I.Q. scores;> I. Q scores were obtaxned for all of the 'students

“
I

[

‘

1nvolved in the 1nd1v1duallzed tasks by admlnlsterlng the S R.A.

Prlmary Mental Abllltles Test. “I.0.. testlng was. con51dered necessary

o

in vle

Nt

s
. of the fact that each school system used a varlety of intelli-

gence tests, often\admlnlstered at different times of the school

T " C
i 2y .' .
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.is based upon. five factors of intelligence comﬁrisihé:- verbal

- Students not subsequently involved jin the mai

Within the S.R.A. Primary Mental Abilities Test}itk Jeneral quotient

[S I

ability, number facility, reaSOning ability,?spatiaiﬁrelaticns_ébility

.and_pérceptual speed ability. Scores assbciated‘with each‘facﬁzr may

+ ] ) ‘ ’ : N . . . ' ) ‘v .‘ “ r. . L °
PIIOT stupy - G ]
’ ’ LA u .
N . . . K PRt NP IS .

L e TR

A pilot study was condUctedfiﬁéﬁéﬁé&qw-q

. : ~
s

was undertaken to detefminef

3. _ihe.feasibility'of Presenting the indi&iaualized-tasks
to a brbad raﬂge ofugrades.' .

: 4. The feaéibility,of.applyﬁng the Hypoghesis Mgchine 6n a -



group basis,

: 5. The optlmal flnal format of the 1nd1v1duallzed tasks.
. 2
6. -Administration problems occhrnlng durlng task procedures.

o

On the basis of the results obtalned from the pllOt study,

“ -3
W

it was dec1ded that. - - )' o .

1. The approximate time required for completion of each
question\associated'w;gg‘the indfvidual visual-mechanical task was

“ . 7 : . . . B ',
seven minutes for‘eachkgrage one student and ten mlnutes for .each

[l

'grade three and six student Each of the questlons associated with
the 1nd1v1dua1 v1sual task requlred approx1mate1y three mlnutes for_

completion by students from each of the grades one, three and six.

. e

2. The orlglnally formulated verbal . 1nstruct10ns, pertaining

to the indivig -1 visual-mechanical task ‘were found to be 1nadequate

¥
v

and unsuitable for use ‘with some grade one students. In partlcular,

it was found that it was necessary for the 1nvestlgator to v1sualry

LE v

demonstrate certaln aspects of the 1nstructlonal procedure in order
to fac111tate full understandlng on the. part of young students.‘ It

was also necessary to allow students to familiarize themselves w1th

the machlne by manlpulatlng the machine and its contents prior to
_ flnal admlnlstratlon of the task., Verbal 1nstructlons, pertalnlng o)
L% S : .

the 1nd1v1dual v1sual task were found to be adequate.

. 3. Students from each of the gradés tested were found to
S
experlence llttle dlfflculty in attemptlng each task "The number of
o ) 63

prlnted representatlons of thf machlne prov1ded for the paper—and—"

penc1l test were found to be 1nadequate, most students requlrlng

"quantltles in excess oﬁlthose 1n1t1ally prov1ded



t P 4
T a

4, An increase 1n the number of hypotheses formulated for

TABLE II

MEAN FORMULATION OF HYPOTHESES SCORES ON THE INDIVIDUAL
‘ VISUAL-MECHANICAL TASK (PILOT STUDY)(}

‘Grade - One Three : Six
"~ Score . 2. 65 1 7.2
1  TABLE IIT

MEAN FORMULATION OF HYPOTHESES SCORES ON THE INDIVIDUAL
e VISUAL*TASK (PILOT STUDY)

. Grade ;| - - One " Three Six

u

Score - - 2l7. 7.5 R A

5. The Hypothes1s Machlne because of its present 51ze,

and the necessrty for Jits actual manlpulatlon was ‘not su1table for

asse551ng students' ‘abllltles in formulating. hypotheses on a group '?U

c

basis.f : “
' 6." Young students in partlcular, experlenced dlfflculty in-

4
W

observ1ng and manlpulatlng the contents of the machlne wh n 1

sedted pos1tlon. np fac111tate machlne operatlon, a low-l 1ng tagle

, g 5
was used to support the machlne, and students were allowed to stand

,BI

<for the duratlon of the Machlne task

5.
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. fhypotheses.

-
P
R

THE MAIN TESTING PROGRAM -

Ve

The main testlng program was conducted between May 8 and

»June 16, 1973 Admlnlstratlon of the tasks to students 1nVolved in

)
.

each of the six schools, was conducted by the 1nvest1gator
. ‘é . " TYPES,OF DATA ANALYSIS USE'D :
. . C . . . . -

Hypotheses #1, #2 #3 and #4 were subjected to Pearson N

Product Moment correlatlons in order to determlne the relatlonshlps,

if any, ex1st1ng between the varlables encompassed by each of these

Hypotheses #é, #7 and #9’werq$snbjected t?_a'one—way analysis

b=

.0of variance. -

'Hypotheses #5, #8 and #10 were sub]ected to a two—way analy31s

~

" of varlance in order to determlne the 81gn1f1cance of the 1nteractlon,,“

if any, eX1st1ng between the,varlables Wlthln each of. these hypotheses.-‘

° »" . . . St
- : . S
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chapter 4
. . - 2

S RESULTS OF THE, INVESTIGATION . . B

Thevresults of the statistical'analys{s associated with each -y

3

-

of the hypotheses. and a desc 1pt10n of student performance Felatlve

PR

to the several tasks will be presented in thlS chapter.’{iﬂ%, v ‘

STATISTICAL ANALYSIS OF THE HYPOTHESES

’ . oA

tHypothesis #1 . : . . . . '//

No 51gn1f1cant relatlonshlp exists betWeen the Formulatlon

of Hypotheses Score (1nd1v1dual v1sual—mechanlcal) and the Formula—

-

' tion of Hypotheses Score (1nd1v1dual visual).

The correlations,existing between the two scores are shOwn‘f

!

in Table IV, p;.46.. A 51gn1f1cant level of 0.05 was adopted for,

rejectlon or non—rejectlon of the. hypothe51s"

.

Slgnlflcant correlatlons/&ere found to exist between the

scores. Therefore Hypothe51s #1 was rejected for thls relatlonshlp.

§YPOthesis.#2 ._'T S . _‘_e >f.'¢ o v &'
No 51gn1f1cant relatlonshlp exists- between the’ Formulatlon

" of Hypotheses Speed 5core (1nd1v1dual v1sual mechanlcal) and the

Formulatlon of Hypotheses Speed Score-(individual visual)

The correlatlons ex1st1ng between the two Formulatlon of
Hypotheses. Speed‘Scores are shown in Table IV p: - 46. A level of X

'-s1gn1flcance of 0.05 was. adopted as the basis for rejectlon or e

non-rejectlon of the hypothe51s. Co ‘ h T
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two Speed Scoreé. bThefefore Hypothesis #é'waé';eieéégﬁ for this
relatibhship.v The low éorrelati of .484 obtained between the t&o
Speed Scorés?@ﬁiumiﬁateé the dénger of predicting a'épeed Sco;e on
the one_tégk merely from g kno&iedge bf—the Speed Score on the

other task,

Hypothegsis #3

visual-mechanical and individuail Vvisual) and: (a)'sex, (b) age,
(c)'grade;‘(d) I.9., (e) verbal meaning ability, (£) number facility,

(g) spétial relations ability,'(h) perceptual-speed,ability and - (i)
kY L Ca -

reaggﬁing ébility.

in'Table IV.  Again a significance Tevel of 0.05 was ‘adopted as
the basis for‘rejectiqp ernon-rejectibn of the ﬁ&pothesis. Signifi—

cant relationshipé were found to exist”betWeen all Scores and Speed

the Scores and Speed Scores and the variables sex, age, grade, I.0Q.,
verbal'apility and Spatial relations ability. In addition analysis
revealed the existence of a'signifiCant_relationéhipfbetween the . /(



‘4}{7 i : ’ 3 . e
variable 'number ability' and the Scores and Speed Scores andvbepweenb

. ’ a i . .
e variable 'reasoning ability' and indivldual visual Speed Score.

) Therefore Hypothesis #3 was rejected for each of these relatlonshlps.

,\It should be noted however that the correlatlons between Scores and

‘.Speed Scores‘and the varlables specified were in all cases w1th1n
the range 200— 450 * It should be noted that -in view of the low
level>of the‘correlations obtained, that caution should be exercised '
in ueing this data for pred%ctionlpurposee. 'Sincedanalysif ofvthe
datarelatingto the 'verbal meaning:ahility' and"spatial_relations
abilitY' scores yieldedmcorrelations’of .26§/and .231 with the )

" individual visual—mechanical Scores, and correlations of 1283 and ,
du307'wdth the individual wisual Scores; Et would seem that factors
.aésociated with verbal meanihg ability and spatial relations abiiity
havellittle relationship to the fagtors'associated with hypothesizing
abilit&. Therefore‘it would appear thatmteete:yielding data relating
to verbal meanlng ablllty and spatlal relations ablllty are of’ llttle
fvalue as predlctors of hypothe5121ng ablllty, and further it would
seem that exercises 1nvolv1ng verbal meanlng ability and spatlal
relatlons ablllty are 11ke1y to be of. 11ttle value in enhanc1ng the
hypothesizing abilities of students. The Variable 'number facility'

-

was not found to correlate significantly_with-the Formulation of
: o . K'

.Hyootheses Speed Scores (individual visual-mechanical andvindividual

visual). No 51gn1f1cant relatlonshlps were found to ex1st between '

the variablel perceptual speed ab111ty and either the Formulation

othypotheses Score (individual visual—mechanical and individual

visual) or with the Fornulation of Hypotheses Speed_Score (individhal
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visual-mechanical). Ih addltlon‘ analy51s revealed that there were
no significant relatlonshlps between the varlable reasonlng
abllltyb and either.the Formulation of’Hypptheses Score (individual
visual-mechanical and individual visual) or the Formulation.of

. . - : » ) : W
Hypotheses Speed Score (individual visual~mechanical). ‘Therefore

no ev1dence appeared to ‘exist for rejectlon of Hypothe51s #3 for

each of these relatlonshlps. -

Hypothesis #4 ' o : e

There is no significant relatibnship between the;Formulatiqn
o ]

of Hypotheses Score (group v1sual), the Formulatlon of Hypotheses
Speed Score (group visual) and: ~(a)‘sex, (b) age and {c) grade.

The correlatlons between the Scorés and Speed Scores and
. - Y

the spec1f1ed variables are shown in Table V. A 31gn1f1cance 1evel

of 0. 05 was again adopted as the basis for rejectlon or non—rejectlon

0" B
. !

of the hypothe51

 TABLE v

CORRELATIONS BETWEEN FORMULATION OF HYPOTHESES SCORES AND
SPEED SCORES (GROUP VISUAL) AND ‘SPECIFIED VARIABLES

. Variable ‘ 7 Score’ ‘ - Speed Score
- ' S ‘ _ N .
E/ s . . i ) .
Sex EYL . 200  o0.233° 1200 0.135° |
Age*. © 145 0 0.649® 45 o0.367° '
o .\Grade. . 200 ° 0.6507 200 - 0.379P.

. ' ‘ ) . o . \ )
bsignifidant at 0.05 level : - .

' *age data not avallable from cumulatlve cards for all subjects
-at tlme that data’ gathered. :



and grade and the group v1sual Formulation Of Hypotheses Scores and

,,"

Speed Scores. The variable 'sex was also found to correlate magnlf-

4

1cantly with the group visual Formulatlon of Hypotheses Score. There—

!

fore Hypothe51s #4 was rejected for each of these relatlonshlps. The

’moderate degree of correlatlon of .649 and .650 .between age and grade

- .

and the group- v1sua1 Score 1nd1cates that generally the older students
in higher grades perform at levels superlor to those of the younger

children 1n lower grades. However it is to be noted that the lower

' correlation of 367 between the varlable age and the group v1sual

o

Speed Score 1ndlcates that the performance of students of dlfferent

ages w1th respect. to Spe@d Scores is less predlctable. The varlable

Sex was not found to be 51gn1f1cant1y related to the qroup v1sual

-

Speed Score, therefore no ev1dence appeared to exist for rejectlon

of HYpothes:.s #4 for the sex varlable.‘ o ’ o/ .‘-}

[
A

gypothesis #5

There is no significant»interaction between grade level and
f ‘ ‘
sex with respect to: ;
(a) Formulation of Hypotheses Score. (individual visual-

-mechanical)

(b) Formulation of Hyp~theses Speed Score (individualv

o

,viSual—mechanical)”

.- () Formulatlon of" Hypotheses Score (1nd1v1dual v1sual)

-

_(d) Formulatlon of Hypotheses Speed Score (individual ViSUal).

The purpose of this hypothesis was to determlne whether “or

<

not the sex of the student had a dlfferent;al effect upon each of

)

. o - ; )
. Wi

T

i



°

the Scores aﬁd‘Speed Scores in each of the grades. . Plgures 1, 2, 3

and 4 1llustrate the relatlonshlps ex1st1ng between Formulatlon of

v . ‘('

‘Hypotheses Scores (1nd1v1dual v1sual—mechan1cal and 1nd1v1dua1 " b

¥ ' . ‘
visual) and the sex variable in each of:thefgrades one through six.
B, v
The mean Scores and Speed Scores ‘for boys. and glrls are presented

in Table VI; 1nteractlon between grade level and sex being shown in

Table XII. ' y
. 4 \\

' N . ¥ N
l. Formulation of Hypotheses Score (individual visual-mechanical)

The 'Test for Additivity' on this variable yielded an F
8 o~ {
value of ¢227 and the correspondlng level of 51gn1f1cance wa§ .925.

Therefore Hypothe51s #5 was not rejected for this variable as the
probability criterion for interaction waSISet at the .05 level of -

significance.

2. Formulation of Hypotheses Speed Score (indiviéﬁal'visual—

" mechanical)

The Test for Additivity on this variable yielded an F value

~ of .981 end'associated_probabillty of».432l Since this probability
was not significant at the .05 Tevel Hypothesis #5 was hot rejected

for this variable; L el i

3. Formalation of Hypotheses Score (1nd1v1dual v1sual)

The Test for Add1t1v1ty don thlS varlable resulted in an F

value of 621 yleldlng a probablllty of .684. Slnce thlS probablllty

[N

was not s1gn1f1cant at’ the level deflned,_Hypothe51s #5 was not

rejected. . P "r*‘w [\

4. Formdlation of Hypotheses Speed“Score (individual visual
. i R - :
. A c, o :
The Test for Additivity resflted in an F.value of .129

[

-

51
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TABIE VII

-

COMPAK[SON OF BOYS AND GIRLS F‘ORMUIATION OF HYPOTHESES SCORES
. AND SPEED SCORES WITHIN ‘EACH GRADE

significant at' .05 level -

- S.Dev.” S.Dev. Degrees of :
Variable Boys Girls - Freedom T . Prob.
gy U 4,00 2,55 23 2,479  .022°%
' Two 480  4.91 20 - 1.977 062 .
! Three 5.09° 5..48. 17 2,571 .020°
Score ' . , s ) , a'
Four - 4.61  3.45 19 R.582  .018]
Indiidual Pive 486 3.64 . 18 . 1.691 .108
. sual- Six ka5 5.66 18 1.680 " .110.
Mechanical ) — 7 - ~a
e o ‘Oxle O-OO Oow 21 30530 .mz :
Two  0.00 0.0l 20 1.159 . .260
Three 0.00 = 0.0 " .17 0.579  .570
. Four 0.00 0,01 7 19 0.874 393
Score - : R ~ -
Six 0.0  0.01 . 18" . ~0.662 .516
One “ 3495 g w52t 2t 307
“Two 5.3 2.50 20 .304
. Three 5.44 = 5.1l 7230 - .040%
Score oo o T a -
- Four 3.‘83 . 3.83 .7 19 2.536", .020
Individual Flve ke 19 Coh3i 18 0 o.k2 '.m_:.‘;.::f'?”
o . : - o PR L
Visual six 3. 13 v i5.82 18 Led2h JiT1
One q}.‘;jl '0.01 2, t{f~.39’6~“' " 206
. . T Two ,6.01 10.01 20 10,995 . .331 .
(. “0.01. 0,02 - 17, 1.035 .315
0.01  0.01 19 0.6 477
' 0,01 0.01 18 1,150 . .265
- 0,01  0.01 18 ¢ 1.379. .185
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MEAN. FORMULATION OF HYPOTHESES SCORE (INDIVIDUAL VISUAL)
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~MEAN FORMULATION OF HYPOTHESES SCORE (COMBINED MODES) -
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FIGURE L . ‘

,INTERACTION BETWEEN GﬁADE (SEXES COMBINED) AND
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¢ . (INDIVIDUAL VISUAL-MECHANICAL
AND INDIVIDUAL VISUAL)



. yielding a probability of .986. Slnce this probability was not 51gn1f-

LA

- icant, Hypothe51s;#5 was not rejected with respect to this varlable

through six. Thus, while the boys in each of the qrades achieved ,

hlgher mean scores than did the glrlS thelr superlorlty in perform—

ance dld not dlffer 51gn1f1cantly across the grades.

Hvnothesis #6. ~
£Yrothesis #6

¥
O

There is no 51gn1flcant dlfference betweer tre mean scores- \

obtalned by boys and girls in: = SR N o : i‘
f\ , (a) Formulatlon of Hypotheses Score (1nd1v1dual v1sua%/
mefhanlcal) B

(b)’ Formulatlon of Hypotheses Speed Score (1nd1v1dual
v1sual-mechan1cal)
(c) Formulation of Hypotheses Score (1nd1v1dual v1sual)

{4d) Formulatlon of Hypotheses Speed Score (1nd1v1dual v1sual)

37 S -

~in each of the grades one through six. - s e -

S Y . Lt T s

. -, N
- " - *

(:i/ The purpose of this hypothe81s was to determlne whether boys * -

or glrls achleve hlgher Formulatlon of Hypotheses Scores and Speed

,Scores with respect to rhd1v1dual v1sual—mechan1cal and 1nd1v1dual
) v1sual modes -of . eperaflon: MeaZPScores and Speed Scores for boys :

and glrls by grade ar‘ presented in Table VI. A 51gn1f1cance level

. of .05 was adopted aslthe ba51s for rejectlon or non-rejection of -

. .27
‘this hypothesis. L

_1. Formulationvof
' {

theses Score (1nd1v1dual v1sual-mechanical)

Slgnlflcant 7Lfferences between boys' and girls' Scores - .



.
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Fxat
<
5%
,53

-
néE,

s
- . -

were’ found to exlst in grades one, three and four. Therefore

Hypothe51s #6 was rejected for grades one, three and four for the

.

»;nd1v1dual vrsual—medhanical‘Score, but was not rejected for grades

two, five and six..

2. Formulation of Hypotheses Speed Score (individual visual—;.
mechanical)

, . . eas

- .Signifieant differences between boys' and girls' Speed’

Scores exlsted in grade one only. Therefore Hypothes1s #6 was

rejected for grade one w1th respect|to this varlable, but was not
?

re]ected for grades two three, four, ‘five and six.

3. Formulatlon of. Hypotheses Score (individual visual)

R
s

}§ignificantydifferences between boys' and girl§"Scoresy

isted in gradesvthree and four. Therefore Hypothesis #6 was “ '.‘1.17

ected for grades three and foun.for this partlcular varlable and
W :

2t
>

was rejected for grades one, two; five and six. ,[; D

4. Pormuldtion of Hypotheses Speed Score (individuai visual) :; : g

N o s P
No 51gn1f1cant dlfferences between boys'tand glrls' Speed = ¢

Scores were found at: any grade level. Therefbrezno evidence S S

‘appeared’to'exis for rejection of Hypothesis #6 with respedt to.'

this variable.
Data assoc1at d. w1th this hypothe51s 1nd1cate that in general

boys in each of the. orades achleved hrgher Scores on both the 1nd1—

v1dual v1sual-mechan1cal and 1nd1v1dual v1sual tasks. The flndlng

that 51gn1flcant dlfferences were not obtalned between boys' and.

glrls' Speed Scores on_either task at_the grade two, three, four, ’
fis~ and six levels indicates that, in general, boys in‘théseygrades

g

I



required less time than did the girls in ordetr to achieve their
f - . N R
superior Scores.”

L

'Hypothesis #7

B There is no 51gn1flcant dlfference betWeéh-ggade 1evels 1n5

(a) Formulat;on‘of Hypotheses Score,jindlvidual‘visualf
mechanicdl)_n oo .

(b) FormuIationvof'Hypotheses'Speed Score (individual.
uisuel—mechahicaI5

(c) 'FormulatIOn of HypotheSes:Soore (individual visual)~

(di Foruulatioh of Hypotheses Speed Score,(individual visual)

in grades one.through six.

The purpose of this hypothesis was to dete:h;ne;whether the’

) 0

ab111ty to formulate hypotheses 1ncreasq§ w1th gkade fh I'inbrease
1

or not. Scores and Speed Scores we;i»tested_Néung the Scheffe L]

By

Multiple Comparlson of Means. 'A»51 ificance 1evel-of .10 was
adopted as the basis for rejection orxr nonlrejeotion of’the¢h§g2thesis.

) . : ) ) s : ' ¢ . .
This significance level was adopted because of the rigorous nature

'*"of the Scheffe procedure, the .10 level hav1ngxbeen suggested by

Scheffe (Ferguson 21971, P 271) ' L \?
Scheffe Probablllty Matrlces for the multlple comparlson of
the Scores and Speed-Scores arevpresented in Tables VIII and IX. R

1. Formulation of Hypotheses Score (individual~Visual—mechanical)

The mean score in grade one-was significantly lowe& than

9

the hean scores in grades three, four and six) the.mean score in
~grade two also being significantly lower than the mean score in grade -

six while the mean score for grade five was significantly lower than

=



SCHEFFE PROBABILITY MATRICES. FOR THE FORMULATION OF HYPOTHESES
SCORES AND SPEED SCORES

TABLE VIII

(INDIVIDUAL VISUAI~
BY GRADE

MECHANICAL)

One . kTwo Three Four

’
'
Y

Variable . Grade Five Six .
" One 1,000 - .5@1, _.010% L0068 532 ,000%
Two .501" 1;06OW;1 572 502 A1.oO§ 0342
Score . 'rhree_ .010% .572 1.000 .§99 .606 -819
Four  .006%  .502° .99 ° 1.000 . .534 .830
. Five 532 1.000 .606 534 1,000 Lo®
Six 000% -~ .034® 819 .e30 .o C 1.000
One - 1,000 .999 .91  .903 000" - .ou7?
 Two 999 1.000 | .998 956 .001% - Lom®
Speed Three 991 . .98 i.obo" 999 .ou’ .267
'Sgore: ‘ Four‘ | - 7903 ] .956 .999 . 'i.ooo-f- ;030? 479
i Five .000%  ,001® .o112 .ana~1.ooo@' .831
Six on7® o Lo82® 267 79 .e31 1.000
a signifiéapt at 0.10 1evé; 1 W

61
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TABLE IX

SCHEFFE PROBABILITY MATRICES FOR THE FORMULATION OF HYPOTHESES -
'SCORES AND SPEED SCORES (INDIVIDUAL VISUAL) |

BY GRADE
Variable kérade ‘.One TWO Three . _Foﬁr F:Lve o six
T ome  L.000 .80 - 275 .056% .013% .ooo“"-1
| Two .980 1.000 716 .307 | é;lg : .ooé§' 
_ Score  Three  .275 6 1. B 2993 .908 - W357
 Four L0562 - .307 993 7 1,000 997 ‘,703"
‘*'Five Lo3® .13 ,908 .997 1.000 [ .90
W 3' Six 0008 :.Qoéa 357 ¢ .T08. .9Lo o 1.000
o One 1000 - .84 T.196 309 L0570, .118
Cmwo 8L 1,000 R 959 612 - LTTT
sﬁéed  Three 1967 ~:875: 11,000 999 .998' »?i 999 k B
‘Scorei | Four ) .'309“ : ‘-.959  ~.999’, 1-OOOl_V .978 o '.'99:7 o
| Five 4" L0572 W61z .98 978 1.000 .99 - )
Six -118‘ LT o 4999 .997 - 999 - ‘ 1.000
a significénp at 0.10 level | -
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‘that for grade six. . Therefore Hypothesi§&#7 was rejected for the

'~ grade pairs one and three, one and four, one and six, two and six,-

- . X \

%and;five and six, but ‘was not rejected for all other pairs of- grades.

Wt

vy 2. ‘Formu1ationiof.gypotheses'SPEed Score (individual visual-

-, ““mechanical )’

Ait was significantly lower than gradesifive,and six;

v
o

‘The mean Speed Score in grade one was significantly lower

N [ . : Lo

o

"than the mean Speed Scores in grades five and six..;For grade ' two

- . ‘
for grade

four it was significantly loWer thanwfor'grade five. Therefore

Hypothesxs #f‘was rejected for . comparlsoQ§ between grades- one and

L flve, one and 51x two and flve, two and 51x, four and five, but

Y

J

-between grades one and‘four} one*and five, one and six and two and .

was not rejected for all other pairs.

3. Formulation of Hypotheses Score (individual visual)

The mean'score;in.grade one was significantly lower than

the.meanfécore in grades four, five and six, while-the mean score in
. . . » » : . ;;: : ) . s . o .;) ' . ‘4 '.‘ . .
grade two was also significantly lower than the mean score in .grade

six. Therefore Hypothesis #7 was rejeotediforfall comparisons

A7

six, but-was nob fejected for all other palr%._ﬂ: :",f_ T

4. Formulatlon of Hypotheses Sgeed Score (1nd1v1dual VLsual)

T The mean Speed Score in grade one was s1gn1flcantly 1ower ‘.F?.”

than the mean Speed Score in grade flve. Therefore Hypothe51s #7

»was rejected w1th respect to this palr but was not rejected for all‘

-

other comparisons.. . ST

¢ The finding that the grade three, four and six levels
achieved significantly higher individual visual-méchanical Scores

‘

1
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O | .

J : : .
than did grade one, whereas grade five did not achleve such signifi-

lfu
cant Scores highlights the substantial 'slump' in Score manifested

at the grade five level. Boys' and girls' Scores at this particular

level are lower than those at the.grade threeiand four‘levels.
Results frdm the individual visual task,indicated,that no'slump in

Score was manifested at this grade level, or at any other level;

e

§

'gypothesis #8 _ o ' -

. There is no, 51gn1f1cant lnteractlon between grade level and

/

I. Q w1th respect to:
- /
6a) Formulation of Hypotheses Score (individqal visual-

" mechanical . or o -

v ,(b);'Formulation of Hypotheses Speed‘Score'(individual

viaual—mechanical)
_ i
,(c)’ Formuiation OfAHypotheées’Score (individual visual)‘__ i
kd) '?ormulation of.Hypothesee Séeediscore (individual viscai):
_The purpose of thlS hypothe51s was to determine whether or '
not I.Q.. had a dlfferentlal effect upon each of the grades one. |
, ‘
through six. Flgures 5 and 6 1llustrate the relationshlps ex15t1ng
between Scores and I. Q grou Jings in each of'the grades; The mean.
'Scores and Speed Scores for ach of the three I Kol grouplngs in each
grzde are . presented in Table X, lnteractlon between grade: level and

e . e s
a.Q.-belng shown in Table XIII. ' k

C

1. Formulatlon of Hypothe31s Score (1nd1v1dua1 v1sual—mechan1cal) <:/
e

"The Test for Add1t1v1ty on thlS variable resulted in an.F
“'value of 2. 187 whlch ylelded a probablllty of 024 51gn1f1cant at

the *. 05 1evel.‘ Therefore»Hypothesls #8~was rejected with respect,to
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L

MEAN FORMULATION OF HYPOTHESES SCORE, (INDIVIDUAL VISUAL-MECHANICAL)
) ." : H <L .
(@]
1

20 - o - ‘ | :

High T.Q.

=
\n
1

, =

b

1 1 1 1 i |
1 2 73 Lo 5 6
: Gfade o
F'IGURE 5

INTERACTION BETWEEN GRADE AND I.Q. ON FORMULATION OF HYPOTHESES SCORE
(INDIVIDUAL VISUAIFMECHANICAL) CRITERION’
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MEAN Fo@orx OF HYPOTHFSES SCORE (INDIVIDUAL VISUAL)

20

b

[ony
O

U

\ .\ i
1 1 /‘J | 1 ]
1 2 .3 4L 5 -6
. Gradé T
. © o FIGURE 6
TERACTION GRADE AND T, Q. ON FORMUIATION OF
SCO (INDIVIDUAL VISUAL) CRITERION .

e ~

oy

66




67

-X ¥4Vl -

.

<
\
f 910°* z 20" € MD* o € 020" 7 L2° € Teor g ., mop
b . X | . . . . ) | , » . 4\‘ e O-HOOW
: €0t ¢ Lzot 8 920" 8 Te0" 6 6I0° 9 4GI0° gl 8dedany - peadg
820° ¢ €T 9%0° 6 S0 - OT 960° 8 $20° €1 00 ¢  udm o
00$°9  z 199'2T € 000'WI € 00§'9 g €666 € S g  mop - - OSEA
. A : . : . L _— ,_..mzv.g.%cH ,
002°6T G O00S°€T  8.000°2T 8 8LL'6" 6 €£8°L 9 L99°L 21 93eIsAy 8005
M8°ST €1 L99°9T 6 00S°WT  OT SAE°9T 8 ST9°TT €T €€€°9T . €  uSTH
eto* -z WIO* € 0 € €0° 2 o' € T0~ 8  moT
110° S 0z0° g8 *10° 8 110° . 6 2I0*° 9 010 2T oFeasAy 2100
, o ) : AR - peads.
_810° €1 020° . 6 210° 0T WIO° @ 2r0° €T Wi0° €  uSH - TeOTURYOSH
00$'8 2. L99°0T € 00021 € 000°€ 2 €€6°€ £ S2i'8 8 moI - TTEnsTA
. _ s o T ~ TenpTATpul
008°6T ¢ GLE'2T 8. STI"CT 8 WTI'Cl 6 €€€°6 9 0SL"8 2T oSeashy  au0dg .
MST'ST €1 222*11 6 O0L*7T Ot SLE'ST 8 ZMTET €T 000°8 ¢  uSwW “
I N o™ N amdgd N eeayl N oMl N w0 N - dnoap oTqQETIBA
N opean Aq s0J09G , ) D°I
. SIVED X dNO¥D *B*T HOVE Wod
® wﬁo% EAIS ANV STHOOS SESEHIOIXH 40 zoﬂgo.m NVEH




this variable.

3

2.

Formulatlon of Hypotheses Speed Score (1nd1v1dual v1sual-

mechanlcal) s '
T=£chaanical) -

The Test for Addlthlty resulted in an F value of 1. 161
yleldlng a probablllty of

.325 whlch was not 51gn1f1cant at the
.05 level.

Therefore Hypothe31s #8 was not rejected w1th respect
to thls _variable.

.

-

3. 'Formulatlon of Hypotheses Score (1nd1v1dual v1sual)

e}

-The Test for Addlthlty resulted in

’//E/value of 2. 809

yleldlng a probablllty of 004 51gn1flcant at the 05 level

There-
fore Hypothe51s #8 was rejected with respect to thlS varlable

4. Formulatlon of Hypotheses Speed Score (1nd1v1dual v1sual)

~ The Test for Addlthlty resulted 1n an F value of 2 670

yleldlng a probablllty of 0. 033 sagnlflcant at,the

Therefore Hypothe51s #8 was rejected with respect to this varlable

These flndwngs 1nd1cate thatrthere is’ a 51gn1flcant dlfference

.05 level.. -

1n the effect of the I Q. varlable upon 1nd1v1dual v1sua1 Scorés and

Speed Scores and upon 1nd1v1dual v1sual—mec;anical Scores“across thef
grades one through six.’ - B o i e “ ]
. | ) ! ‘ . . . o ’ ""‘," -
' gypothesis #9 S lc e 2 " l ,‘ ' : o
] t ' ] I
There 1s no 51gn1f1cant dlfference between Low, Average'and{ ‘
ngh I.Q. groups 1n. . L

la)

Formulation of Hypotheses Seore- (individwal visual{
o mechanical')
(b

. . . . R
Formulatlon of Hypotheses Speed Score (1nd1v1dual vlsual-

. mechanlcal) *
. ) ..



[}

.tested u51ng the Scheffe Multlple Comparison of Means procedure. o

"Table XI provades,the probabilityvlevels deri

1. Formulatlon of Hypotheses Score (1nd1v1dual

69

< (c) Formulation of Hypotheses Score (individual'yisualx
. N ¥

(4) Formulatlon of Hypotheses Speed Score (1nd1v1dual v1sua1)
_for each of the grades one through six.
The purpose of thlS hypothe31s was to determlne whether or

g ,
not 51gn1f1cant dlfferences in the ablllty to formulate hypotheses

R\v‘

'ex1st between I.0. groups w1th1n each grade. Relevant data were

-

The .10 level of 51gn1frcance was used as the basis for rejection -

o

or nOn—rejectlon of the hypothe51s Table X prov1des the mean Scores

oy B

and Speed Scores for ‘each of the three I.9. grouplngs 1n eachk

. . '.‘/_'. -
d from'the Schf»\

. T
“

procedure.

sual—mechanlcal)

0

No 51gn1f1cant dlgferences.Were §ound bg;ween any palr of

I.Q. grouping at the grades. one, four and five levels. A s1gn1flcant

dlfference was found to exist between scores obtalned by the ngh NN

‘ grodp (13 462) and the Low group (3 333) -at the grade two IeveL- I N

between the scores obtafned by the High grr\"(IS 375) and the Low
group (3 OO), and - between the Average group (k3 444) and the Low .
group (3 00) - at the grade three leve1~ A 31gn1f1cant dlfference "

between the Average group (19 800) and Low group (8. 500) at the

P

grade six level also emérged. Therefore Hypothe51s #9 was-. not.

rejected on the ba31s of\the Scores obtalned by the ngh and Average
I. Q groups w1th1n each ‘of the six grade levels . Slmllarly the

hypothe51s was not rejected for ngh and Low I.Q. groups on the

. ba51s of Slores obtalned by these groups in grades one, ;our, five

N . [

o



TABLE XTI S : .
SCHEFFE MULTIPLE COMPARISON' OF MEANS OF I.Q. GROUP BY GRADE
. . - ~ d .
Variéble 1.Q. Group ' Probablluty Level by Grade
T " Compared One TWo . Three Four "Five - Six
High-Average .959  .129 .79 .781 .891,° .185
Score High-Low  .999 -.0603% .027% .688 .986 190 -
Ind1v1dual Average—Low .9&3. 0123 .062?. ‘940¢'1;878 '.QBOa~:"'$
°v:1sua1~ B ngh—Average 22270 .999° .380 . 819<4‘.999 L6
R . P . . N . .\ ys - . . .

Mechanlcal Speed i on Low | .565 .01 L0182 ;945 ﬂﬁ.5077 o425
,  Score . T o

A ' Average—Low-,,6h7 .ot

L090% s .527 921

. ngh—Average .OOZa?'.Iéé” 1;032§f 498 .297;
$ a L, s S ‘

& Score ngh—Low 0157 L659° L050% 985 3o .ow®
~ Individual T ST T
é;’ ST Average—Low 5T - ¥861' 671 +798 955 0037 -

j'rj ngh—AVerage .005 ;447 "ulﬁéw'f-996, v-191 "’;é35"7
Visual Speed, High-Low ;1“ G117 .969 ,4;3"*,586' .092%:
- §pore e Lo o L S
ST T Average-Low 2148 0538 1996r :440 v,'65l‘u ?133

-8 gignifiéant»at_q.lo-1evel

2



and six, but was rejected on the basis of Scares obtaineﬁ‘at the -
- . ‘ : N\ ‘

g ,gradesitwo and three levels. .The hypothesis was not rejected for

™ .

2. Formulation of Hypotheses Speed Score (individual visual-

+

the Average and Low I.Q. groupings on the basis of Scores obtained -
: . ) oF €

at .the grades three and six levels. . mi

: mechanical)
No 31gn1f1cant dlfferences were found between the Speed

Scores obtalned by any pair of I.Q. grouplngs at the grade one, four,

} Al

£

flve and 51x 1evels Slgnlflcant differences were found between Speed

»

Scores obtalned by the ngh I.0Q. group (.012) and the Low group "

( 094), and by the Average I Q group ( 012) and the Low group ( 004)

at the grade two 1evel as well as by the ngh I. 0. group'( 014) and

-the Low I.0Q. group (.003), and by the Average I. Q group (.011) and

the Low at the grade three level. Therefore hypothesis #9 was not
\ v .

rejected for High and Average I.9. groupihgs for'Speed Scores obtained’

at all six levels. The hypothec?t was also not rejected for High and°
Low I. Q groupings for Speed S- *“-obtalned at the one, four, five
and six lévels, but was rejected for these grouplngs for Speed ”

> 4 - R - —

- Scores obtalned,at,the grade*two and three.levels L

I

P

3. “Formulatlon of, Hypotheses Score (1nd;v1dua1 v1sual)
' s e BN SR

No s1gn1f1cant dlfferences wére found between Scores obtalned

by any pair of I Q grouplng at the grades two, . four ‘and f1ve levels
Slgnlflcant dlfferences were found to exlst between Scores obtalned
by the ngh I. Q grouplngS‘(lG 33) and the Average'group (7.667) at

the grade one—level -and by the ngh group (16. 375) and'the;Average

group (9 778)qgt the grade three level Slgnlflcant'differences

71



LA

Scores obtalned at the grade two, four, flve and s1x leve S, but

'h'obtalned by the ngh I.Q. group (. 036) and the Low I.Q. group ( 022)

were found/between Scores obtalned by the ngh I. Q group {16.333) )
¥ . |

and the Low group (9. 250) at® the grade one level, between the ” A |

Scores. of® the ngh I. Q group (16 375) and the Low I.Q. group

(6.500) at the grade three level-and between the Scores obtained

by ‘the High I Q group (15 846) and the Low .I. Q. gerp (6. 500) at

the- grade six level. A further 51gn1f1cant dlfference was . found

to exist between Scores obtalned by the Aver\g% I.9. group (19.200)

and the Low I Q group (6.500) at the grade six level : Therefogé

i J

. Hypothesis #9 was not rejected for High- Average I. Q.xgroups fofﬁ,

»
!

was rejec@éd for these grouplngs for Scores obtalned at the grade

'

one and three levels. ‘The hypothes1s was not rejected for: ngh—Low ‘

-
v

:~I Q. grouplngs “for Scores obtalned at the grade two, four and flve

levels, but was rejected for these grouplngs Qt‘the grade one,

~ -

three and six levels ‘The hypothe51s was not rejected for Average—'

Low I.Q. grouplngs for Sebres obtalned at the grades one,  two,,. three,

' .

'four,and five levels, but w?s rejected for these groupmpgs at the'

grade six level T . - R o Lo
L ‘ ’ ' > W

A Formulatlon of Hypotheses Speed Score (1nd1vrdual vySUal) ,E 7fQ »*ﬁ{

| T | D) ¢ ‘»,
No 51gn1f1ca$? dlfferences were foundvto exlstibefWeen
- < :
| R g a

Speed Scores obtalned by any palr of I. Q groupings:at the grades

" two, three, four and five levels A 51gn1f1cant dlfference was

found to exist between Speed Scores obtalned by the ngh I. Q group
(. 030) and the Average I.9Q. group ( 015) at the grade one level

while a srgnlflcant difference was found between the Speed Scores

R < L. . . . .

M
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Hypothesis #10 - R : o

73
‘ ® .

at' the grade five lever. Therefore Hypothesis #9 was not-rejecte?
for ﬁigh—Ayerage i:Q. groupings for Speed Scores obtained at the
grades two, three,;four, five and six:levels, but‘wg% rejected for
these groupings at the grade one level. It was not rejected for
the High-Low I. Q grouplngs for Speed Scores obtained at' the grade
one, two, three, four and six 1evels( but was rejected at the grade :

five evel. It was not rejected for Average Low -I.Q. grouplngs for

Speed Scores obtained at any of the six grade levels.

In the majorlty of cases, s®ore

groups on both the individual VLSual 4%"‘a

tasks were superlor at each grade level to tnosg obtalned by the . .

.Average and Low&grOUps.‘ Scores of the Average I Q. groups in turn,

oy

were generally superior to those of Low I. Q groups

‘ ‘ 5.
N B RO N e
. "

T R

4
There is no 51gn3rﬁcant lnteractlon between I Q and sex

iy
- 1

w1th respect to: N ST LT e .
. ~ EAS . .

(a) Formulatlon oF protheses‘Score (1nd1vrdual v1sual—

‘mechanlcal) e ° _: R S e
- A L 4 S
“w}”“;’ (b)» Form@laklon of Hypot} :ses Speed Score (1nd1v1dua1 ‘

& v1sual)

“(c) 'Eormulation-of'HypOtheses Score (individual’visual)

”

(d) Formulation of Hypotheses Speed Score (individual v1sual)

The purpose of thlS hypothesrs was to determlne whether or

<

not JI.0. had a dlfferentlal effect upon each of the Scores and Speed

Scores accordlng to sex dlfference. FLgures 7 and'8 illustrate the

relatlonshlps ex1st1ng betweeg scores, I.90. and sex. -Scoresﬁand.
. . . 2
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“TABLE XII

INTERACTION BETWEEN GRADE LEVEL AND SEX ) HESPECT |

TO FORMULATION OF HYPOTHESES SCOF 3

T AND SPEED SCORES
Source of Sum of Mean ‘
Variable " Variance . Squares Squares F Prob.
_ " Interaction 28.8281 5.76562 277  0.925
_ - Score ;ﬂ_ :
Individual Error 2352.22 20.8161
Visual—~ — . - — .
Mechancial Interaction 137.303 R746.06 981 0.432.U ’*
Speed ' ' Lo
S %" mror 31.6180 2798.05 7
- - —
g 1522?5%tioh 59.9688 119937 -.62]  0.684
. ' rScore . } L -
Ind1v1dual ' Error - 2181.18 19,3025,
- Visual o - —— N T :
R Interaction 7134.68 - 1426.94 2129 0,986
. . . ' . g o :
- Speed . oo ' ‘
- 3 S R
Scére Error . | 1.2546 ' 111.027 1

A

5 " s ’ -

o).



TABLE XITI

-INTERACTION BETWEEN GRADE LEVEL AND I.Q. WITH RESPECT
TO FORMULATIgg OF HYPOTHESES SCORES

{

Variable *

ares
TN - N

Mean

Squares - F ‘ Prob,

Seore

Error 2201 .53

_ Interaction’}50i609 10

17

2'20.68§§ . ’

45,obq§ .2.181§; 0.02l, 4

'inter§ction.309.hh9
Speed = i '

Score Error ',928.5092

10

.17

3094.49 1,161 0325 -

2664.@1 s

1)

Interaction 443,98/
Score o N
JError: .

R

10

1691.51 17,

15,8085, -

143981 2,809, 0,00,

L Interaction 20.1535.",
speed . x . - - i
‘Sadre -t gl T s

e

#

10

17

913555

)

75

201.535 2.070 0,033 . -
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TABLE XTIV
’ | MBAN FORMULATION GF HYPOTHESES SCORES AND SPEED SCORES
| = FOR EACH I.Q. GROUP BY SEX e
.. TeQe .
Variable Sex N High "N ' Average N ‘Low
Roys 27 L5625 w72 13 g
I Score - ) _ :
Individual Girls 29 12,90 24 9.46 S R A |
Visual- - — , -
Mechanical Boys 27 0.0 25 .02 B o0
Speed _ : S . , S
Score ﬂGlrls:v'29 '0,0} 24 1.01. 7 0.01
| Boys 27  15.74, 25  13.4 13 10.61
. ~ Score ; . <
Individual CGirls 29 p0030 24 8.63 7 7.71 :
Visual — — = . =
o Boys 27  .031 25 - 026 13 23

. ~ . Speed ' - C o
A ( | oo Girls' 29 . .027 - 2, 20 7

s ) >
o —~e . .




S - TABLE XV
; .
INTERACTION BETWEEN I Q AND SEX WITH RESPEGT TO

FORMULATION OF HYPOTHESES SCORES
: AND SPEED SCORES |

4 : Source of  Sum of . ~Mean- -
Variable . Variance " Squares D.F.  3Squares 'F . Prob,

Interactlon 92 3847»:, 2. L46.193L  2)09L . 129

. Score A o | (
Individual ~ Error - 2625.02 119 22,0590 -
ViSual— ‘ e ——— , 4
" Mechanical Interaction 112.396 2 . 5619.79
: ' Speed : ,
Score o ’ : Sy
Error 3741247 119 - 3119.70 . R
Interaction €3.3359 2 31.6680 1.679 .191
: Score o o . : '
Individual - Error RRLL.LS5 119 . 18.8609
Visual ’ — — . T —
_ Interaction 74,08.86 2 3704443 341 712
Speed ) y'/ S - g . )
Seore pror 1.29328 119 108.679 B =




'MEAN. FORMULATION OF HYPOTHESES SCORE (INDIVIDUAL VISUAL-MECHANICAL) -
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level

il yleldlng a: pr ahgllty of 712 not 51gn1f1cant at the/ .05 level.

' varleb]e; : Ty

80 -

M . . ' A

Speed $cores are shown in Table XIV; interaction between I.Q. and

sex'in Table §V3

’ N

1. Formulation of Hypotheses Score (individual visual—mechanical)f

v, [

. The Test for Additivity reésulted in an F value of 2.094 which
yielded a probability of .128 which was not significaht'at the .05

level.h Therefore Hypoﬁheses #10 wzs not rejected with respect to

thlS variable.

2. Formulation of Hypotheses Speed Scorxe (individual wvisual-
. 3

mechanical)

' The Test for Additivity resulted in an F value of Tpléol

yielding a probability of. .170 whigh was not significant at.the .05

level. Therefore the hypothesxs was not rejected with respect to

‘

this variable. . ‘ S - , L

3. Formulation of Hypotheses‘9core (individual wvisual)

/// < The Test for Add1t1v1ty resulted in amn F value of 1. 679 ‘

"yielding a pro ability" of .191, agaln not.51gn1f1cent at;the 05 =«

L

JT&eref re the hypothesis was not rejected for this'variable%%

f“ormu,atlon of Hypotheses Speed Score (1nd1v1dual v1sual)

B3
e
(i

.

*kTh Test for Addlthlty resulted in an E value 0%3U34l

\

LRy

e -

,ereforevﬂypothe51s #lO was not rejected Wlth respect to this =~ . "~

- o - .
noo® ‘

-my - ’ ‘ N

'fwﬁng.ndlngs 1nd1cate that ‘there is no 51gn1f1cant drf—

—_ N 5

J . -
LR W
ference fm the effect of the sex Varlable upon each of the Scores

» o

,~and Speed Scores for each of ﬁhe three I.Q. grouplngs.‘ Thus, while'

\7
the boys in each‘i Q group 1r qeneral achleved higher Scores than

5 -
e
-t



. hQﬁ o ] ‘ - , o | .

the girls, their superiority in performance did not alter signifi- ~.
b : . T p : B

cantly with respect to I.Q. . group.

DESCRIPTION OF PERFORMANCE. ~ -
e ) ‘ .
The Individual® Visual-Mechanical Task. '
. ;9

‘In the following discussion relating to -each oflfhé two
Zl’ . ' .
gask,»attention will focus

guestions agsociated with this particular%f
. - . Y
' RN .
on the following points: . o C '
1. The nature of the triangle combj@atigns :

B

2. The frequéncy of Utilization-Qf.thé-&arious %riangle

combinations for al¥ grade levels combiﬁed
, 3. The overal% triangle cdmbinatiqhﬂp;efeience at each Of:fo;,,

the,gradehlevels ' o ,

- 4, The averaée number of triénglé combinations h&pothesized_
per student at each grade level
5 The first, second and third triangle combinat}on'preféff

" ences at each grade level. - :
o ‘g\{ - o - »

. . o -
ok
'»,rb - )

.The First Question
1. Triangle Combination Compdsitiona- Ten‘funcbionélly

L operative,triangle,combinatiphs were pOssiblé:for the valid completion
of this'quéstion: _These are identified and illustrated in Figure 9,

p. 84.
2. Freguency of Utilization of'the‘TrLangle Combinéﬁioﬁ.

Question one permitted the‘Utilizgtion ofctwo-tfiangle and'fou;—

‘triangle combinations.
. ! * 2
A . | .
Both types of triangle combination were widely‘utiiized
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 YETGURE 9

g PUSSIBLE TRIANGLE COMBINATIONS FILST
% INDIVIDUAL VISUAL-MBCHANICAL TASK
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. 8th 9th’

Figure 10
. A

SEQUENCE OF TRIANGLE COMBINATIONS PREFERENTIAILY

/.

_ g CHOSEN
© #IRST INDIVIDUAL VISUAL-MRCHANICAL TASK . .



A } ! . £

Al B -

by the scudents. Specifically, two-trlangle comblnatlons occupled
\ ) AT

. 4
first,;chird fifth, elghth nlnth and tenth p051t10ns in frequency

of ch01ce (see Table WII, p: 83) Flgure 10, p. 85 presents the -
sequence of two-trlangle comblnatlons preferentlally chosen by the
students. Thls Flgure 1llustrates that comblnatlons G H and l,

w1th no trlangle in gap one, are the lowest three in frequency of:

.chorce utlllzatlon

comblnatlons preferentlally chosen L "?

The remalnlng triangle" combinatijionsg (A, C, F and J) of the

‘ten, in whlch all four p0531ble gaps are. fllled constltute the v

second thlrd sixth and seventh frequenc1es of ch01ce respectlvely.

Flgure lO, p 85, alSO presents the sequence of these fgﬁr*triangle

0 ' X [N
3. Qgerall Trlangle Combination Preference. a remarkable

'.most frequently hypothe51zed as being operatlve was ev1dent across

' all of the grades Trlangle comblnatlon B, for example, was the

L across grades was also ev1dent with respect to trlangle comblnatlons

‘ - i

~least frequently utlllzed Comblnatlon l for example, was the

-

least frequently utlllzed by *our of the 51x grades (grades one,

-

four, flve ‘and 51x) A summary of results whlch show atl trlangle‘

comblnatlon preferences for each grade is glven in Ta%le XVII

p. 83 and in Flgure ll p. 87.

3
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.“f/’-' 4. Number of Trlangle Combinations Hypothe51zed Table XVI,

P- 82 shows the aVerage performance of students in €ach of tne grades

' w1th respect to their ablllty to hypothe51ze the utilization of each '

-

trxangle comblnatlon. ‘The table shows _that!, in general as the

grade level increases, the avera?e number, of trlangle comb{natlons
hypothe51zed per student also~1ncreases._ A notable exceptlon to

i

thls trend however, is manlfested by grade five students, a general

decllne in average belng ev1dent at thlS level.’ SpecificalIy, combina—

&

1 -

tlons B, C, E, F H, and J.tend .to be hypothe51zed w1th less frequency

_ by grade flve students than by grade four students, whlle comblnatlons

A, D, G and I are hypothesized more frequently.
i

f

<

With resoect to tﬁé trlangle comblnatlon flrst used as a.

°
<r

ba51s for an hypothes;s by each of the grades one through six, two-
g n " )
trlangle combLnatlonHB was the most frequently chosen (see~Table

—— I

-

v‘\- g _
was the noSt frequently utlllzed by- four of, the grades——namely e

FERT v

grades one two, four and’ flve (see Table XIX, p.v90 ananigure

1¢, p. 9). oy

v‘i The Second Question

T

- L Trlangle Comblnatlon Composltlon. Slxteen functlon%}ly

operatlve triangle comblnatlons were p0551ble for the valld completlon

of thls questlon. These are 1dent1f1ed and 1llustrated in Flghre 15

\' P. 97. ‘ ‘ ‘ et

88
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oo 2. - Frequency of‘Uti 2tion of the Triangle Combination.

Question two permitted the utilization of one~tr1angle and three-

trlangle comblnatlons. CJ

The four situations involving only one left-sloping triangle

occupied first, fifth, sixth and'seventh frequency of choice positions
&

(see Table XXII, p. 93 and Flgure 16 p 98). Of these situations

M (flrst gap) Jas the most frequently chosen,'whlle u (second gap)

* constituted the sixth choigg frequencygp S (thlrd gap) was seventh,

and R (fourth gap) the fifth.
The twelve remaining three-triangle combinations'each con-
sisting of two left-sloplng trlangles and one rlght sloplng trlangle,

occupled the remalnlng frequency of ch01ce p051tlons (see Flgure 16,

o 98), Comblnatlons P X and L/(each 1ocated in the flrst, second

w
» . -

and thlrd gaps) occupled jOlnt ‘second and fourth p051tlons respec— ]

tively, whllevcomblnatlons QF-Z andg K (each in the first second and

: fourth gaps) occupled elghth nlnth and thlrteenth frequency of

choice pos;tlons reSpectlvely Comblnatlons ¥, 0 and N (each con~-

3

51st1ng of trlangles in the flrst, thlrd and fourth gaps) occupled.

.tenth eleventh and flfteenth p051t10ns respectlvely whlle comblna—v,

a

tlons W, V and T (each with trlangles 51tuated 1n thé second thxrd

i

)
and fourth _gaps). occupled twelfth, fourteenth and 51xteenth pos1t10ns

.

P respectlvely. It can be seen that whlle comblnatlons 1nvofv1ng

K3

trlangles placed 1n the flrst second and thlrd gap$ are frequently

utlllzed trlangle comblnatlons 1nvolv1ng the fourth gap are usually

c
)

[

the less frequently chosen. B . T

- v

3. Overall Trlangle Comblnatlon Preference.i As was discovered

s - . _ A .

99

-~
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in the case of the first questlon, a. deflnlté patté;n manlfes%ed
o . ."
1tse1f for the second question with respect to whlch of the trlangle
9
. . ) ¢ 2
combinations were® more frequently chosen.. M, for example, wa s the Y

triangle comblnatlon most frequently chosen by four of the SlX?
grades (grades one, three, four and flve), was the second most

¢
frequently preferred by grade two, and was the fourth most frequently

o )
‘chosen by grade six. Slmllarlty ‘across grades w also evident -with
_respect to triangle comblnations least frequently chosen, T and N,
for example, being consistently among the: comblnatlons least fre-

quently utlllzed by each of the grades. A summaryQOf results of all

triangle comblnatlon preferences for each grade is pres\kted i

Tgble XXII p. 93\and/in Flgure 17, p. 104

-

,L}, - 4. Number of Triangle Comblnatlons Hypothe51zed. Table XXI,

I

p. 92 shows the average frequency of ch01ce of each trlangle comblna—
tion per student in each of the grades.

As in the case of the flrst questlon, a general 1ncrease ln

B

the average number of trlangle combinations used in- hypothest7{ng

by each student occurs w1th increase in grade level the exceptlon to’ %

c / v

/
thls trend agaln occurrlng at the grade/five level, where ‘a general
. decllne in the average number of comblnatlons chosen manlfests ltself

Spec1f1cally, all of’the sixteen trlangle comblnatlons w1th the

4

exceptlon of N, tend to be chosen w1th less frequency by ‘the grade

2

flve students than by the grade four students..
Wlth respect to the first trlangle comblnatlon to be chosen,
by each of the grades one through 51x, the one- trlangle comblnatlon M

. e

was the most frequently chosen (see Table XXIII, p. 101 ?nd Flgure
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."j Hypothesis’ #2

18, p. 105).
W1th respect to the thlrd trlanqle to be utlllzed the three

triangle cor natlon X was the most frequently preferred by. three

/

”ASthhe six grades——namely grades one, two and six (see'Tahle XXV,

p.- 103 and Figure 20, p. 107).
SUMMARY OF RESULTS =~ . -

gypothesisyflw

This hypothe31s examlned the relatlonshlp exlstlng between»

the Formulatlon of Hypotheses Score - (ind1v1dual v1sua1-mechan1cal)

and the Formulatlon of Hypotheses Score (1nd1v1dual V1sual) A

& T
ssgnz%lcant correlatlon was found to ex1st between these Scores (see’

' Table 1v, p. 46). il | N

' Speed Scores (see Table IV, p. 46)

.'_" -‘ .\
. Hypothesis #3-

- L i P 5
- " . -
o

T ThlS hypothe51s examlned the relatlonshlps exlstlng between

B \

‘the Formulatlon of Hypotheses £  es’ (1n61V1dual v1§uaI—mechan1cal

3

and.lnd1v1dual VLSual), the Formulatlon of Hypotheses Speed Scores,
(1nd1v1dual v1sual—mechanlcal and 1nd1v1dual v15ua1) and: sex,.

‘age, - grade, verbal meanlng ab111ty, number faclllty, spatlal

P

./95, .



Table IV, p. 46).

.HypotheSis #4 T j' '

;(see Table V, p 49) , .n . '».. ‘ ot )
.'-}

,(see Table VI, p. 52 and Table X171, p 74) .

‘ . . ,xf
relations ability, perceptual speed ablllty 2~ 1 reasoning abillty

= "3 - PR
Most of the varlables correlated 51gn1f1cantly with each of the

‘

dScores and Speed Scores. However the varlable number fac111ty

did not correlate 51gn1flcantly W1th the Speed Scores Furthermore,

the varlable perceptual speed ability' dld\not correlate 51gn1f1-

cantly elther w1th the Score or Speed Score\Lf the Ind1v1dual v1sual- _

xr -

L B
mechanlcal mode. The varlable '&9&$onlng ablllty correlated s1gnifi—

.cantly only w1th/the Indlvrdual v1sual—mechan1cal’Speed chre'jsee

S

=

This hypothe51s examlned the relatlonshlps\exlstlng between"

'the Formulatloh of - Hypotheses Score (group v1sua1), the Formulatlon

4
of Hypotheses Speed Score (group v1sua1) and: sex, age/and grade."

] . G, .

Slgnlflcant correlatlons were - found to ex1st between the varlables

+ , ‘ ¢

- {
: sex, age and grade and- the group v1sual Scores qn% Speed Scores

€

S . . 5o
E ] - . A

Hypothesis #5 ': o

.J", e rv‘!‘ - -

between grade level aﬁd sex w1th respectywo Formulatlon of Hypotheses
Scmres and Sﬂeed Scores (1nd1v1dual v1snal-mechan1ca1 and 1nd1v1dual .

visual). No s:.gm.ficant 1nteract10n was obs%rved in any 1nstance

'

Hypothesis #6 . . . : o T

-~

ThlS hypothe51s compared boys' and glrls' Formulatlon of N

[8] ’

Hypotheses Scores and Speed Scores (1nd1v1dua1 v1sual—mechanical

—

o

—

109"



. o . ' . v . | 110°

<
and 1nd1vfdual v1sual) 1n each of the;grades one. through 51x. Slg—

‘nlflcant dlfferences between boys' and{}hrls' Scores (1nd1v1dual

.vlsual~mechanlcal) were found to ex1st ,in grades one,vthreeaand '
o fohr whlle 51gn1f1cant dlfferences between boys' and glrls' Speed
Scores (1nd1v1dual V1sual mechanlcal) occurred in grade one. Signif-
icant dlfferences between boys' and glrls' Scores (1nd1vidual visual)

"were found to exist at the grade thre-4 ~four levels, but no

4!

,31gn1f1cant.d1fferences were found to e

:etween boys' and glrls'

o

' Speed Scores (1nd1v1dual v1sual) 1n any of the six grades 1nvest1—_

" ‘gated (see Table VI, p. 52)

: gprthesis'#a.
' ThlS hypothe51s compared the Formulatlon of Hypotheses ‘Scores
_ and Speed Scores (1nd1v1dual v1sual—mechan1cal and 1;11v1dual V1sual)
obtalned by-each grade, with Ehe Scores -and Speed Scores obtalned by

each"of the other grades. Slgnlflcant dlfferences 1n Scores

(1nd1v1dual Glsual—mechanlcal) were found to exlst between grades

v
IS

one .and three, one and four, ‘one and 31x, two and slx, flve and S;X“

‘whlle 51gn;f1cant dlfferences 1n Speed Scores (1nd1v1dual v1sual-

.’

: mechanlcal) occurred between grades one and flve, one and'Six, two

v.and flve, two and srx, three and five:, . and four and flve Slgnlflcant

'_between grades one and flve (see Table XIII,‘pc VS'andeabie_Ik,

. . . N . & . :
p- 62). ‘ R

CEE . . v

o
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Hypothesls 48 g

45

Ny L o A ' S
'gmdb ' This-hypothesis examined the.possibility of interaction

s ;between I.Q. and grade level/w*th respect to Formulatlon of Hypotheses.

) Scores and Speed Scores (1nd1v1dual v1sua1—mechan1cal~and 1nd1v1dual-

".visual). Slgnlflcant 1nteract10n was found to exist’ w1th respect to

8
v

ScoreSA%lndlv1dual visual-mechanical and'individual'visual) and' to

o A \ .
7 Speed Scbres Tindividual'yisual) (see Table/}l, p. ~70 and Table’

_XITI, pr 75),

ﬂﬁypothesis #9 ,)/

s ~This hypothesis compared»Formulation of Hypothes - Scores

0

and Speed Scores (xnd1v1dual v1sual—mechan1cal and’ 1nd1v1dual v1sual)

D
Loy 4 6

.obtalned by each of the 1. Q- groups ‘in each:of the grades. Signifi-

g cant differ ces® 1n Scored/(lnd1v1dual v1suai—mechan1cal)»were found

-~ v
o

to ex1s_ between the ngh—Low I 0. group. of the grade two..and thr - \'

4 -?
.F'levels, nd~bttween the Average Low grouplng “of the grade three
levels while 51gn1f1cant dlfferences in Speed Scores (1nd1v1dual

s

{x ¢

-visual—mechanical) occ” *ed between the ngh Low I Q grouplng and

‘bétween the Average~1 Jrouplng of the grade two- and three levels Ry

Significant differences 1n Scores (1nd1v1duaI‘vrsuall\were found = 7

) .é; to - ex1st between the ngh—Average I. Q group of the: grade one and F;7%m“”’
‘v . - . . .
“d//’ thahe levels, betweern . the ngh- '.Q. group of the grade one,
three and six levels, and between the Average Low. I Q group of the

grade,six leve13~ Slgnlflcant dlfferences in Speed Scores (1nd1v1dual

'v1sual) were observed to ex1st between the High- Average I.Q. grouplng

of ‘the grade one level and between the ngh~Low I. Q grouplng of the

,graderflve level (see Table X, p..67) -
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Hypothesis #1~ | : - B ’

. This hypothesis ekamined'the-p053ibility of interaction -

.between I.Q. and sex with respect to Formulation of Hypothes s Scores
' o - o »

" and Speed Scores (individual visual-mechanical and individual isual) .

B . Q’ N 7

In no case was significant interaction observed (see Table XIV,

'p. 76 and Table XV, p. 77).

e
"

©
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' Chapter 5

Al

S CONCLUSIONS, IMPLICATIONS AND SUGGESTIONS
' - FOR ‘FURTHER RESEARCH | '

4 , : . L . )

The specifi¢ conclusions relating to each hypothe51s have
/ '

been presented in Chapter 4. _ On the basis of thic lnformatlon the

following_general conclusions were formulated: B . tA

. /;:
1. Accordlng to Martin (see p. '25) hypothe51s form1 ~on ,
o i
may be con51dered a comple; process which entalls both loglcal : :\\;

and non-Iog1cal (creatlve) operatlons. While'the AAAS—SAPA program

°

also considers hypothe5121ng to be a. complex '1ntegrated"process‘\\

hypothe51s formulation contrastlngly is v1ewed as a process entalling
solely loglcal procedures that may consc1ously be learned and adopted

by the student durlng inguiry. If -ne accepts that each'of the -

¥

Avarlables reasonlng abllwty, verbal meanlng ablllty, —Jspatlal

» e
relations ability,' 'number fac111ty and general 1nte111gence' (as ) -

measure 7 by the S.R.A. Primary Mental Abjlities Test) feature.

;ssentially logical rather than non-MNogical operations, then the
. . . g 3 . » . . * - : E v
findings of this study would see support Martin's position rather

s . - ! + ; . : ’

than that of the AAAS. 'Although each o Vthese varfables, with'the'
exceptionbof reasoning ability, correlate Sionificantly with-
hypothesizing abilit&,-éorrelatlonsnin all cases we{e.loy in nagnitude.
Thus, 'o'opvious and simple relationship appeared‘to ekist:oetween‘
'hypothesis formulationvand'any of the"logical' variables in'thls
study: | . ‘ | R » o o f
§2; _Martin's pbsition‘is further supported by data relating ‘

i
‘

: 113 ' o : -
® . - o : .
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' to,the'order (i.e. the 'logical’ order as indicated by the number of
triangles/utilifed and the sequence of thelr placement) in, whlch
‘ formulatlon of hypotheses took place with respect to the 1nd1v1dual

vﬂsual—mechanlcal task. 1In the first of the two questl ns assoc1ated

LY

7w1th thlS task the selection of an hypothesis (1 e. natuke of
trlangle—plaﬁément) was cle ly not 1nfluenced by” the number of

trlangles utilized in the constructlon of a preceedlng thothes1s

1

’ : .
(see F gure 10, p. 85) Thus an hypothe51s 1nvolv1ng a two-triangie
comblnatlon was - somet;mes formulated follow1n§ an hypothesis involving

nother two—trlangle comblnatlon and sometimesvfollowing one involving

v

.a four-trlangle comblnatlon Wlth respect to the gap p081t10ns'
{.

'employed hypotheses formulated at ‘an early stage always utlllzed

Pg

the uppermost gap. Hypotheses formulated at later stages, in most

N .
instances 1nvolved gaps located 1n lower p051t10ns Results from

the second question in contrast to those of the flrst 1nd1cated that

the number of trlangles utlllzed ‘may, to a llmlted extent have been

a factor Wthh ‘was 1nfluent1al in determlnlng the. order of hypotheses

formulated, one-trlangle comblnatlons belng found to occupy f1rst
4 ‘ - 1
fifth, 51xth and seventh p051t10ns of ch01ce respectlvely (see‘

- Figure 16 p. 98? Although the flrst hypotheses formulated utlllzed
'trlangles positloned 1n the uppermost gap, not af?’bypotheses whlch\

1ncluded such placement were chosen at an, early stage, in fact

, several hypotheses which - were formulated 1n later stages of the task

also utlllzed the uppermost gap. . ’ '. | - ‘ ‘ %

Thus whlle the present study prov1des some ev1dence in support‘

" of the suggestlon that loglcal operatlons are sometimes inve! ved ' L%v'

o
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during.hypothesis.iormulation, the sequenceﬂofuchoice of'triangle

o

'comblnatlons employed durlng the hypothe5121ng assoc1ated with the |
@

?\v1suaé-mechan1ca1 task cannot always be explalned in terms of any

- .

51ngle logical argument. In other words hypothe5121ng p0551bly,
even in fact probably, 1nvolves subtle and complex blends -of several

patterns of loglcal ‘thought actlng and 1nteract1ng 51multaneously.
5 .

.. .
. 3. The addltlonal suggestlon that hypothe51s formulatlon

may be dependent, at least ln part, upon other less - loglcal and more

A creatlve.processes, is supported‘by the4present study in that data

derived from student performance on the 1nd1v1dual v1sual -mechanical

i

task 1nd1cate an 1ncrease from grades one through three in the ablllty

. to formulate hypotheses, performance 1 e ling out between grades

5 .

three and four, decrea51ng between grades four and f ve, and

. e . o

_ 1ncrea51ng agaln between grades frve and six. Investlgatlons‘con—

ducted by Torrance (1962) found that, in- geheral, creatlve abilities

of students 1ncreased from grades one - through six, an exception to ,

thlS trend manlfestlng 1tself in a; creatlvefslump' at'the grade, ‘

\ 4

four level _ This decrease 1nwcreat1vefability was generally,attri?'
buted“to major  ‘gang pressures' which operated‘against,any individualf:
isticiexpression at that grade level » Slmllar pressures ‘may have h‘
been influential in cau51ng ‘the decllne in hypothe5121ng ablllty at

the grade four and flve levels Wthh was encountered in thlS study.

. l‘ 4. An alternatlve or addltlonal explanatrpn for the grade
four/flve slump in hypothe5121ng ability w1th respect to the visual-

nechanlcal task may be examlned in the light of general developmental

theory It is generally accepted that young students are
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predoﬁinantly-limited'to concrete thought operations while older

“children become increasingly adept'at>thinking:in more abstract

terms. The large slﬁmp in hypothesizing ability at the grade four
and five levels, as refleqted’in.perfbrmance of the visual?

A N . ' , ‘
mechanicalﬂtask,\a task which:essentially involves*the manipulation

of concrete objects, may reflect in part the tendency or désire of

the ch;}dreh.at thisideveldpméﬁtal level’Eo thinkfmoré in absﬁract
S . . . : o : ‘ ’
raiher.thén:iﬂ:concregz,terms.' This proposition is subportéd by 
tﬁe fiﬁding thatlhypothésiziﬁg"scores'aésocié%éa with the more
abstract indiViduél visual and gréup &isual tasks did ndﬁ decrease .

at the graé;; four and five Ievels,%%-cohtinual iﬁérease in ability
to hypothesize across-the sixwgrade‘;gQg@sﬂbeing'manifgsted on

bl

these tasks.'_Ofccoursevthis;Lgpter‘finding-raises the alternative
question as to why the performance of both the young 'concrete' group,' 
and the older fabstraét"group manifests itsélf in a continuous

gfowth'pattern as revealed Qy“the.data_qzrived from this study.

',We_do not'at'présent have sufficient information to resélve this con-
flict and further investigation of thisApoint is cléarly needed as
it is likely to thfow light on the matter of_the stages»of developmeht

of thought processes in children.

© 5. This étudy révéaES‘a siénificant thbugh’iéw ¢orreiation' ‘
betweeﬁ én.eiemgntafy schqgigghild's abiiity to fo#mhié£e>hypcfhéseév
‘ﬁﬁilizing an indiViduél'visﬁ;i—méchahicéi (m;éhiné) mode of opération.
_énd hig ability to fq;ﬁuléte hypofheses ﬁtiliziﬁg an iédividual'
(pictpriél) modé of,opera§£§n. The absence of high cofrelatioﬁs
‘between:tiothééiZing-scoges eﬁpléying_differgnt'task_modes inaicates’

N - . : ) 1

©

o
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' that hypothe5121ng ability is to some extent task—spec1frc and

obv1ously thls lack of. hlgh correlatlon p01nts up the 1ssues raised

ﬁln the preceedlng paragraphs. Since some students who obtaln hlgh

scores 1n hypothe5121nc on one'task mayuobtaln 1nferlor scores on the
other, cautlon should be exerc1sed in 1nterpret1ng general hypothe- |
'5121ng ablllty on the bas1s of performance -on only one of the two -

modes.

6.ﬁ As noted above, this study revealed a 51gn1f1cant though

r -

IOW\p051t1ve correlatlon between verbal ablllty and hypothe5121ng

2

ablllty As several studles (noted by Smlth and Dechant 1961) show

that glrls at the elementary level generally have superlor verbal

o

abllltles w1th respect to boys it might be anticipated that glrls

should obta1n< EY scores than boys in tasks 1nvolv1ng hypothe5121ng.
‘However, 1n thls study, the hypothe5121ng scores of the boys in each
.of the grades were con51stently higher than those obtalned by the
glrls, 51gn1frcant dl“ferences between boys' and glrls' scores ‘\_
4occurr1ng at ‘the grade one, three and four levels w1th respect to

.the individual v1sual—mechan1cal task Generally speaklng greater

A7

m1nterest was Shown by ‘boys both in thgbhandllng of the cgmponents

\Y

- of the machlne and in the draw1ng of the dlagrams necessary for the
pompletlon of the'paper-and—pencil tests. This factor, operating‘in
favor of'the boysy may- have been respon51ble at least in part for

. b
reduc1ng any advantage that the glrls superlor verbal ;ability
might have contrlbuted.b It is p0551b1e however‘that these fandlngs
are spe01f1c to the partlcular modes of operatron used, and again

cautioun should be exerc1sed agalnst 1nterpret1ng these data as -



. ‘ R A _ " o . : -_llBh
Ao
-indicative of thevéenerally superior>hypothesizing ability of boys.
7. With respect to general 1ntelllgence, students from the
hlgh I.9Q. groups tended to obtaln higher formulatlon of hypotheses
scores than did members of the low I.Q. groups. asg any particular
I.Q. group w1th1n any grade was represented by a minimum of two

students and a maximum of thlrteen some,efutlon should be exerc1sed

in the genera@,lnterpretatlon and appllcatlon of these results.'

4

'IMPLIC_'ATIONS FOR TEACHINC AND EVALUATION

The foIlow1ng 1mpllcat10ns may he drawn _from thlS study
e ‘1. A student's ablllty to formulate hypotheses can be
piedlcted in part on the basis of sex, verbal meaning ability,
spatlal relatlons ablllty and nfmber fac111ty as determlned by means !
.~ of the S.R. A Prlmary Mental Abilities Test.
| 2. The mean Formulatlon of Hypotheses Scores associated
w1th the 1nd1v1dual v1sual—mechan1cal and 1nd1V1dua1 and group

v1sual modes of operatlon for each of the grades one, through 51x,

may serve as bases-for comparisons and evaluation of other students



involve the formulation of hypotheses.

Y P

4. Periodié‘use.of‘taskssimilarto those used in this study
’ .. L- I ’
cquld possibly serVé as diagnostic tools for the assessment of
gfowth in'tﬁe hypothesi?ing'abilitie;-qf students.

S. . The study indicages that écfiviqiésAaﬁd‘experiences
related to‘the formulation of hypotheses aﬁd désigqea to énhaﬁce~the
;bilify to.hypothesize'could coﬁétitute avbeneficial_gémponent of
thevgrade,one tﬁro;gh‘six sciencé experience’aﬁ no specific peak iﬁ
ability with respe;t to this process wés,reachéd at, or bgfore, the
gfade six level. - |
| 6. The study indicatés that.children in each of the grades.
one fhngugh six are-capable of formﬁlating hypbfheses én'the basis'l-
of individua}‘visual—mechanicaiz andAindiQiaQél éndﬁgfoup viéuél
modes.of oper;ﬁion. .Theréfore éctivitie% involving fhesg moées.
mightygréfi}abEygbg ﬁ?dVided:in each of tﬁese g:adesa  ;Z'éariie;
notéa, the Fdrmulation_of Hypotheses Scoges at the gr%des{four aﬁd

o

five levelsbwére generaily low when the_individual‘visual;méchanical
mode of operation_was utilized.;'0pportunity shbulq;tﬁeréfofe be r;d/

A»pioﬁided at these graée levéls for gppropriate expériencés'relatéd

to the férmulatioh‘oiﬁixpotﬂeses iﬁvdlﬁing aétivitiés, in pa:ticﬁlar;

which inGélve and necessitate di;éét phySicél m;nipglatiOn‘Qf

' abncreténphenomena. lThis'sugéeétion pefhaps may be fﬁréﬁei justified

én the basié 9f the érgumént that élthougﬁ a\aevélépﬁgntal t:ansitioﬁ>

fro@ conq;éte to abstract‘thiﬁking may'be takingﬁplace thié_transition_

sﬁould>pqt in;olve;eiclusivg‘modes df thihking and behaviour;' Thus

the stpdénfs éhould be‘éPle to-combihé both-abst#a¢t and concrete

$



= tant, even essentlal for thelr subsequent endeavours 1n scientific

modes and, insfact, the blending of bothfin set tasks may help some

°

FUrthermore those chlldren‘manlfestlng fac111ty,1n abstract

modéslof operatlon should not move -too far away from operatlons
) ~

' Ehvolv1ng the use of apparatus, for facility 1n the latter is 1mpor—

inyestlgation." ‘ & é ’
. ' | | \
3 F SUGGESTIONS FOR FURTHER RESEARCH,

' ThlS study showed that for grade five students, Formuiation

of Hypotheses Scores obtalned durlng the“utlllzatlon of the 1nd1v1dual
Q

v1sual-mechan1cal task were generally lower than the grade four scores

‘obtained from us1n§ the same task. A more detalled study. of thls

flndlng, repeatlng the admlnlstratlon of the individual v1sual—

mechanlcal task with a dlfferent and pos51b1y more exten51ve sample

may yleld 1nformatlon that would substantlate or reject the tentatrve

-

suggestlons made earlier (see p' 115). - The underlylng reasons for

~

thls drop ‘in performance also warrant full 1nvestlgat10n (see p. 116)

The nature of the Hypothe51s Machlne and of the paper—and—

pencil test, coupled with the nature of the manner in whlch 1nstruc—

‘tions assocxated with each of the tasks are glven, may'have a signffi~:

cant influence  upon the nature of the. results obtamned ‘from tasks
1dent1cal with, or 51milar to, those employed in)this study . The

pos51ble 1nfluences of all these factors calls “for further 1nvest1—

3

-gation.’ C e

o

The ability to formulate hypotheSes as‘determined-by‘this

Ry
’

120



Aablllty to formulate hypotheses across hlgher grades.

o
P

study was largely dependent upon visual'sensory input and, to a
lesser degree,‘ was also dependent upon’ haptlc sensory input. lFurther

.

research utlllzlng sound, taste- ard smell-modalities in the formula;

-

tion of hypotheses might;profitably be,undertaken in orderﬁto extend‘_

our understandlng of the 51gn1f1cance of such factors w1th respect

o o

to the ablllty to formulate hypotheses. Comparison of performance

s

_ln the formulatlon of hypotheses ‘on the basis of employment of these

different modalltles, or comblnatlons of modallties, shouLd be

undertaken.

As no peaks were observed: w1th respect to the Formulatlon

of Hypotheses Scores in.the elementary grades, research could

profltably be undertaken to 1nvestlgate the nature of growth ln the
S 2

At each grade level boys tended to exhlblt a greater ablllty

than glrls in the formulatlon of hypotheses on the basms of utlllza—

tion of the modes 1nd1cated in thlS study. Further research mlght
1nd1cate whether or not. this dlfference contlnues to manlfest 1tself

‘when other tasks 1nvolvrg3 the formulatlon of hypotheses are employed

ThlS study 1nvolved students who had not been exposed to the

‘new proqéss orlented science currlcula A s1m11ar study mlght

|

' profltably be conducted at a later date to determlne whether or not

exposure to the new process—orlented sc1ence curricula 1nf1uences

students abllltles w1th respect to the formulatlon of hypotheses.

If the abllxty to formulate hypotheses 1s in part dependent
upon cre&t@jb §blllty as has been suggested but not exten51vely

lnvestlgated then results obtalned from the admlnlstratlon of

4 o

%
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specif: creativity tests might indicate the extent to which creative

-ability, as measured by these .tests, correlates w1th the ability to
formulate hypotheses, as measured,by procedures conducted during the ;.
course of this investigation. . : ; k j'
The results obtained from such creativity/hypothesizing
correlations miggt also be of use in explaining in. part the reason(s)

for the manifestation of low Formulation of‘Hypotheses Scores, such

>

as those obtained by grade four and five students with respect to

~.
the individual visual-mechanical mode. of operation.

~ . - . -

Certain writers (see p5“24)*suggest,that a period of incuba-

_ tion is desirable, or even essential, to\the production‘of an

hypothesis or hypotheses. 'In this study, a perlod“of incubation
was not prov1ded for, or . was so short as. to be in- all likelihoodij

insignificant, the students being required to formulate hypotheses ) a

~
" N

either 1mmediate1y follow1ng a period during which they familiaxized :

- ".
L
- N

~

themselves w1th tgg content and operatlon of the machiqeﬁ or ' AN

N
\ RS
immediately follow1ng completion of the investigator s j::;al instruc- B
kY . .

tions pertaining to each of the aper-and—pencil tasks. Further
Bl

research would be desirable in order to determine the p0551ble .
; 9 ) o .
Significance of 1ncubation périods of specific urations, and their

. effect upon the quantity and quality of hypotheses formulated. .

A great.deal of research and development work will have to

bid

: <
be completed befcre a total picture of the .hature of the process

skills, and of their acquisition and debelopment in the elementary

.~o0l is obtained. Further,research W1ll be needed to deviSe, .

develop and administer instruments capable of providing a complete

. .



’ - , o T ey
: profiﬁzfof the developmental level of each of thn process skllls in

.each studént i

s ) " ' . : '
3 i : . . - Lo .
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-APPENDIX A

Process Skills (Methods of InquiQZ)

(Curriculum Guide, 1969, pp. 7-9)

PROCESS

Basic Processes

Observing

Classifying

Quantifying\

Communica;:;;\\\\h

Inferring

G-

Pfedictihg

'.DESCRIPTION OF BEHAVIOR

hi

The desired pupil behatvior is increasing
Competence in using not only his sense of
sight but also his other senses of hearing,
touch, smell and taste. ‘

 The desired pupil behavior is increasing

competence in- grouping articles,. objects and
ideas on the basis of some observable Property
Or properties. . : i ‘

The desired pupil behavior'is inéreasing-

competence in measuring. length), weight, "area,

'Avolume, and rate of change of the physical
‘world., -

The desired pupil behavior is increasing
competence in describing an experiment so
that an individual who has not Seen it can
carry it out. - I .

The desired pupil behavior iS;increasing
competence in drawéggmmore than one inference

: from.awset'ofﬂaéfé} demonstrating that

inference can be tested by further observation,
and demonstrating that an ‘inference can be
tested by applying known tests to the - :
properties’of objects. Pupils should indicate
that they are able to distinguish between

: observations-and,inferences.

The -desired Pupil behavior is incfeasing
competence in conducting experiménts to test
predictions of relationships between two =
measurable quantities. - R e -
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Integrated Processes

Formulating
Hypotheses

Making

Operational
Definitions

Controlling and
Manipulating
Variables

Interpreting
Data
Formulating

Models

Experimenting

132

1

.The desired Pupil behavior involves developihg

increa&@ng competence in stating ‘a hypothesis
regarding causes of a phenomenon or the
relationship between two variables. A hypothe-
sis tells how to observe an expected outcome

of an experiment. -

:The pupil éhould demonstrate increasing

competence in stating the minimum thihgs to
do ot look for in order to identify the subject
being defined. '

The desired pupil behavior is increasing
competence in arranging conditions so as to’
be able to deliberately control and manipulate
objects or conditions in an experiment.

The desired pupil behavior is increasing
Competence in getting the most out of data

‘without over—simplifying,'drawing conclusions

supported by the data, and considering
alternative ‘explanations. '

' The desired pupil behavior is’incfeasing
.. Competence in building both physical ang
‘mental models to account for Phenomena.

The desireqd Pupil behavior is inéreaéing A

competence in Planning, conduction andg

‘communicating experiments in which the problem .

is clarifieqd, hypotheses are stated, observaf’
tions are made, and data is interpreted. This
procesg‘depends,hpon'the-pupil being able to
use all of the other processes. '
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T - INDIVIDUAL VISUAL~MECHANICAL TASK

Al

PROCEDURAL.INSTRUCTIONS FOR THE FIRST QUESTION

I

Hello - Today we're going to work with thig game
that you: see herel There arelsix channels: one, tWo, three} four,
five and 5ix; and the channels are crossed by one, two, three, four
- 9a8ps. Would you like to put this narble in the top part of one of
the channels’ O K. Now, iet the marble go and see what happens
Good Try puttlng the marble in another ‘channel. Good. |
Over here, we'vevgot three green triangles, and three black
‘triangles. They've been spec1ally made so that they can each fit:
1nto any channel we want, like that - and also into any gap we want,
~ like that. Would you llke to put a green trlangle in? Anywhere you_.
like! Good. Now place the marble 1n°the top of a channel o that
it rolls down, and hltS the green channel. O.K; What did the green
trlangle do to the marble? O.K. ‘Would you like to place thevgreenv
triangle‘somewhere-else now? Good. Whatvdid‘the'green triangle do
to the marble this time? Good. Now how about placing a blaoK
, trlangle in the game somewhere? 0.K, And what dld the black triangle
‘do fo the marble? Good; . | ' |
Do;zgu think that we rcould use two black trlangles worklng »
& together at the same tlme, so.that the marble rolls down and hits
. &
the first trlangle, ané¢ “hen rolléﬂdownﬂfurther to ‘hit the second

‘trlangle° See 1f you canicet them up so that that happens' Good..

Now what about tWwo green trlangles worklng together at the Same tlme?

. . You try. O.K. And what about three green triangles worklng together
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b 4

place’ where the marble came out w1th thlS second flag Now

at the saﬁe time? o0O.x. How about a mixture'now, of3green and black
triangles working together?'bYou'try.‘ O.K. Now take a few minutes
and'put‘the triangles anywhere you wish. Try d{fferent‘places, (See
what happens to the ball. ‘ v ) |
Over here we've got a cover which we can put ‘over the game
like this. _ In a moment I'm going to put maybe one triangle, maybe'
two triangles, maybe three or maybe four trlangles -under the cover.
Because the cover will be there, you won t be aBle to see ‘what' s

inside, and I'm not g01ng to tell you what I put in there. .So that -

I can set the game up, . would you- Just look over there,a moment'> O.K.

Gocd?v Now I'm going to place thlS llttle flag in. the top of thlS

o

'Now!. Good. So the marble came out there. I'm 901ng to mark the

r
—————

whatever I put under the cover, has made the marble go from that

flag position there, down' to this flag position here. In'a moment
I'm'going to take off the cover, and take out whatever s 1n81de but

'm g01ng to leave that flag there, and this ffag here, to help remind

‘us of where thexmarble started from, and where it ended up Just look

over there a moment’ whlle I take out whatever S inside. Good Now,

what I'd 1ike you to do is to see ig you can get,the marble from-the

4 top flag position there, down to the bottom flag position here. vou

N

can use‘one, two, three or four trlangles in any place you w1sh as
I mighf‘do, When you start you may flnd that there S more than onel
‘way of gettlng the marble from the top~flag p051tlon to the bottom

flag position, so carry on'working, .and- try to find as many dlfferent

%,
g

~<TTy,
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ways as you can for gettlng the ntarble from the top position. to the

i
bottom position. Stop when ‘you thlnk you Ve found as many ways as .

- ' \
you can to do this. o, K.? Are there any questions? ' o
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COMPLETED DATA SHEET FOR INDIVIDUAL
VISUAL—MECHANICAL TASKS
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INDIVIDUAL AND GROUP VISUAL TASK

PROCED['IRAL INSTRUCTIONS FOR THE FIRST QUESTION
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INDIVIDUAL AND GRO P VISUAL TASK

PROCEDURAL INSTRUCTIO. THE FIRST QUESTION

These three sheets have lots of little copies of the game

printed on them. Every copy .is eﬁactly the same on all three sheets.

~

On each Copy vyo /can see two black spots - a spot in a top channel

and a spot in a bottom channel The- spot at the top marks the

,

_ p051t10n where the marble starts to roll, and’ the spot at the bottom ;

o

marks the pPosition where the marble ends up. Now, 1n some' .way we ve.
got to try “to get the marble from the top p051tlon to ‘the bottom
-p051t10n, and to do this we must remember that we use the same rules

with the coples, as we used w1th the game. so we must remémber

what green triangles can do to the marble, and what blaék triangles
can do to the marble. In a moment . I'd like you to draw, with the
pencil, a line showing a. way that the marble 1tself could take in

~getting from the top pésltlon to the bottom: p051t10n. "0.X.? ANow,
you can draw in the triangles'as'well if you wish, but remember,f

the main thlng is to draw a, llne showlng the way that the marble

o
- could get from the top p081t10n to the- bottom position.

You-mlght flnd as’ you aid with the game, that there S more
- _
.than one way that the marble could get from the top- p051tlon to the

bottom positlon, so make- a dlfferent draw1ng on the.sheets for each

o

dlfferent way you can thlnk of. You can use as many coples as you

N

want. Now, I've glven you lots of extra coples here, but it doesn t

~
!

mean that there S a dlfferent way of gettlng the marble from the top

. to the bottonm, for everz copy you see here. I'ye given you extra

o
o .
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‘.€oplies because people %ometimes make mistakes and need more copies.

»
'

So if you make a'mistake, it doesn't"matter -~ just put.a cross through
'it'and go on to another copy. 0.K.? Carry on working until you
think you‘ﬁe found as many differgnt ways as you can. O0.K.? Good.,

3 . ‘ _

Are there any questions?-

a
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DATA SHEET FOR THE FIRST INDIVIDUAL VISUAL
AND GROUP VISUAL TASK
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COMPLETED DATA SHEETS FOR “THE FIRST INDIVIDUAL
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APPROXIMATE TIMING OF THE VARIOUS
 'PHASES OF THE STUDY




APPROXIMATE TIMING OF THE VARTOUS PHASES OF THE STUDY
Pilot Study - 8 hour’s,
I.Q. Testing 16 hours .
Main Study . o
Y Individual Visual'—Mech‘anical Task 90. hours N
Individval Visukl Task . . 25 hours C
Group Visual Task o S o 5‘hou:\ .
Total Data.Collecting Time : .. 144 hours
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