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tical- background for the study.

primarily on: this portion of;the model.

T T

. : 4

Piaget 8 model of intellectual .development cqnstituted the theore—
This model depicts intellectual '

development ‘ag - occurring in four stages. 'l'he final two stages of the T ‘

model referred to as concrete and formal, were most relevant to the

present:s'tudiy; Ag such, these ‘sta_g'es received-n::st elaboration.
.A nuxnber of similar studies',". rec'ently 'conducted, nere a.ls.o based .
Mahy of the"studies vere- -,. : S
conducted/ to investigate methods 'of effectively teaching formal concepts
to concrete and formal—operational students. Since the evidence produced

by these studies is® inconclus‘ive and controversial, the present study

’was undertaken to further invest:fgate the possibility of teaching
concrete and formsl students an understanding of formal concepts. In. S

as much as possible, the’ study was conducted in a naturalistic setting.

The experimental procedures involved two teachers and four intact

e classes of eighth—grade science students from a junior high school in -

the city of St. John 8.’ 'l'he experiment was carried out '.Ln two phases.
During the first’ phase, one of the teachers instructed two. classes of \‘N

o students in one of ‘the’ subject areas. while the other teacher instructed
‘a -, - o

3 ~
T e,

two different classes in* the other subject area. Each teacher uaed a

as concrete with the class represented as the

. ’treatment designated

experimental group and a treatment designated as formsl with the class

designated as the control group. At the end of the first phase, the

.« .
. * I
. - i
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o approximately midway through the experiment, a test to determine level

_to control ‘for teacher—subject and class-method interaetion.

two subject-matter tests developed as part of t:he study.

intellectual development with respect to students"j)‘erformnnc‘eron-“the

s

’ 'appropriate achievement test, comprised of” comprehension and application

level test itelns, was sdministered in each subject area, Also.,at

. of intellectual development was administered.

The procedures followed in the second phase vere simiisr to those :

" used in the first. However, during this phsse, the teachers awitched

subject ar'eas. Each teacher slso interchanged the clasaes previously

i designated se experimental and control. These cross—overs Were inclu'de’d

Again at

the end of the instructional period, the appropriate achievement tests

_were administered._ A

Analysia of coeriance was emplOyed to analyze the scores on the

The ‘reaults .

.of this analysis vwe/re use’d to test the following three hypotheses :“ tdhere'

1
will be mo significant difference in’ the achievement test scores between

p subjects receiving concrete and fonnal instruction, there will be no

1

significant difference in the achievement test scores- betWeen subjecta

"at different levels of intellectual development, and there will be no

‘-‘significant interaction between level of instruction and level of

. ey

'achievement tests, On the basia of the analysia, tHe first and third
: hy'potheses vere supported while the second hypothesis was rejected." In"

- addition, a post-hoc anelysis of the scores on, the corresponding

teacher—made ‘.testa, ’comprised ‘,’f' knowledge 1evel test. items, ‘showed‘ that

T C . R SR
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the degree to which science curricula reflected the nature of the disci-

g

[

Cele ULt cnapter |

B ...-.
LR
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. THE PROBLEM . . . ° .- . ..,

o,

a

- ‘plfﬁzgla/g:rely did curriculum reform involve serious consideration of
- . the characterietics of the learner (l'lurd 1971) Aa a consequence of.-
‘L hia, curriculum materiaie developed at that time and since appear to e

.. be inconsistent with the intellectual capabilities of ‘the majority of

tudents. Considerable information relating to ‘this discrepancy has

1

1

iaget.

Piqgét's theory of intellectual development has'influenced'educators

‘ _accumulated aa a result of investigations applying the theoretical and _

| . empirical work of the influential developmental paychologist Jean

¥ o

' . . . '

’

to focus more clearly on the intellectual functioning of the learner as

- : developed.- With reference t0‘the

the basic significance of Piagﬁt“

tatement by Auaubel (1968)

Knowledge of the timetable of
”possible, for the firat tine, .

the arbitrary or traditional,
. matter. L . oL

.,‘ @ T
. .

.one of the primary concerna in curriculum development. His theory "has
. -:led educators to the realization that in addition to reflecting an
iagcurate image of the disciplines, effective curricula must correapond

Lt d?the intellectual cspabilities of the- learners for whom they ‘are .

ac mplishment of this correspondence,

theory is indicated in the following

intellectual development makes
‘the sclentific, as opposed to .
grade placement of subject -

During the aixties, science educators were. primarily concerned with s

o
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:.The problem of how ‘to’ achieve an. optimum degree of correspondence has

.'g,-not been substantially investigated The present study investigates S

'.'ione poesible strategy.:-"

ThEOretical‘Baggground e
Piaget 8 theory is esaentially a model depicting intellectual
I \ : ,
. ;“Ft' :development from birth to adolescence. According to.Piaget this
. /‘)’
-‘development involves progression through four stages, although wide-

8 e

-,spread attainment of the final level has been questioned by a number of

researchers, including Piaget himself (Levine and Linn, 1977)
P ,
Piaget labels each staie and provides their respective age range

o

ds follows sensori—motor (0—2 years), preoperational (2-7 years),_ :

S concrete—operationsl (7—11 years), and formal-operational (ll years and

"h'over). The order in which the stages are listed is the sequence in

'”which Piaget suggests phey appear in the complete development of the

ﬁ;;human intellect. According to Piaget, the. order of development is

*

‘..*'i' ‘ 'constant but ‘the age at’ which individuals enter and 1eave a particulari

e stage~msy vary. 'In.other words, the ages presented by Piaget may be N

cceptable as guidelines but not as findings applicable to all indivi— .

. duals.. In fact, most studies in this area have’ auggested age ranges °

v 'iconsistently higher than those obtained by Piaget in reaearch on his ',1:.-121"

'l?;',stflGeneva subjects (Howe, 1974) .
L 5. The students involved in the_presentwstudy.were sssumed to be
operating at- either the concrete or formal stage of intellectual .‘

'Ai‘development. Therefore, the remaining portion of this sEction will o

< :focus exclusively on these two stages. ,K,'

v e el e s e




"fznexperience, concrete objects, and familiar actions" is classified as»“ﬁj S

e .

C =

Several criteria for identifying reasoning patterns as represen-'

"_ tative of students at, the concrete and formal steges of intellectual :

£
. ' 0

development, respectively, have been formulated by Karplus (1977).”

LAccording to Karplus, a student whose reasoning is based on "direct

concrete, A student whose reasoning "is based on abstractions and that

\ IO

‘transcends experience" is classified ss formal. Kalplus offers '‘a more o

Wextensive list of clues for distinguishing between concrete and formal

reasoningupatterns.“ The following is a list of reasoning patterns that b

.,

'ijhe associates with concrete-operational thinkers.

S (a) Needs' reference ‘to familiar actions, objects and -
observable properties. o R e
‘ .

(b) Uses the following reasoning patterns but is not able :
S to use patterns identified as formal‘

.5<p--:,'v ‘(i) *Applies classifications and generalizations based
o Loen’ observable criteria. ¥ o

(i) Applies conservation logic.

: (iiil‘ Applies serial ordering and establishes a one-"
so * to-ome' correspondence between two obServable L

l‘.ﬁ - 8EtLs. : . _\\ )
(c) Needs step—by-step instructions in a,lengthy procedure.
(d) Is not aware ‘of his .own reasoning, inconsistencies :

* among various statements He makes, or: contradictions
with other known facts. : « .

By using these reasoning patterns, an individual is able to under—):
'stand concepts that he could not comprehend while in the preoperationalf;f
.g7stage.- However, there are mnany limitations when the concrete stage is

f"compared to the - formal stage. Rarplus lists the following reasoning T}

'

'A.patterns as indicative of formal thought.n

- | : ' L e : - .
' ) - o - ECI . L. -
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The formal thinker. . _ ‘
X \ . T Lot ‘. . ..' . P . : : - .T.
:.(s);'Can ‘reason. yith concepts, relationships, abstract S
‘ properties, axioms, snd theories' uses symbols to ,
express ideas." .'. ST . ] . .;‘.,‘ KN

.1(b) Uses reasoning pstterns associated with the qoncrete C -
- nstsge as well as the following.‘_- g“- B

(i) Applies multiple classification, conservation
- logic, serial ordering, and other reasoning
. patterns ‘to concepts, abstract properties, o
' axioms -and- theories.‘. : o

;g.(ii) Applies combinatorial reason ng, considering
I jall conceivable combinations.,' s

ACE & -] ates and interprets functional relationships‘ . .
o i; mathematical form. o .k . . . :
ldfﬁ(ii)) Recognizes the necessity of an experimental fhﬂﬂ"‘

;design that controls all variables but the one_
-being investigsted. .

e ”u»’u. (v)- Reflects ‘upon ‘his" own reasonidg to look for
oo o inconsistencies or contradictions with other

. known information. LN

;(c): Can plsn a lengthy prdbedure given certain overall a

goals and resources. - , ) L A

;(d)"Is aware and critical of his own reasoning, sctively
" . seeks checks.on the validity of his conclusions by
.appesling to other known information. :

According to Karplus, these are the important differences between

v .

3‘, concrete snd formsl reasoning patterns. Ausubel (1968) refers to these

:f. ;ressoning patterns in his discussion of the educational implications of

Cr——

‘L‘both thesevlevels of’ intellectual functipning. As far as concrete-\.'

';5operational students are concerned ne states that

'y 5. 0ne canmot hope to reduce science to. "first prin-
~ciples .and basic abstract laws. - At the very best . one’ can
.atrive- for a semi—abstract intuitive grasp of these laws e
.on a descriptive or. perhaps semi—analytic level thst is
somewhat tied to- particularized experience. On the method-
- ological side, abatract pyinciples of science inquiry and
"strategyvalso-have mich less meaning-for children than a.

L S U YU, Je——

5 .

e e e
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‘>gin meaningful experiences in science.

< [ . . o . [N N

’

Vpurely concrete—empirical explanation of how it ie poasible
- for mankind to know the facta and generalizations under
,diacuasion. . ‘ -

. Onlce a,student reaches the formal—operational‘stage,lhe then et

“"becomes in large measure an abstract verbal learper." In Ausubel's

A With hia developmental dependence on concrete—n.A
'empirical propé removed, .the only condition. necessary for
the understanding and meaningful manipulation of higher= -.
order concepts and abstract propositions” is that their -

I'substantive import be non- rbitrarily relatable to his
particular cognitive structure and that he adopt a set to
learn them in this fashion. Hence, on developmental i _

.‘grbunds he is ready at the secondary-school level for a
new type of verbal expository teaching that ‘uses particulat

. examples primarily. for illustrative purposes, that is to
) 'clarify or dramatize truly abstract meanings rather than
jto make possible the emergence of intuitivetmeanings.

A‘In summary, the different reasoning patterns of atudenta at

‘h«different levels of intellectual development warrant a corresponding T

;

N

[y

Need for;the,Studz a

S

' According to Piaget 8 model of intellectual development, the upperr

FA

limit of an individual'a antal ‘capacity at a pattitular tim?:ia signifﬁ

difference in instructional procedures if Ehese students are to partake K

. fied by the stage in which ‘he or she As preaently functioning.\lghat

the individual is’ not able to mentally cope with situations which .

".require a more advanced level of" intellectual operation than that

' distinctive .of the individual 8 current ljvel of development., For

| inatance, the concrete-operational student 1is able to deal with concrete

)

“situations or. with circumatancea that require\: 1eve1 of thought char- B

acteriatic of a previoua atage.r Howeyer, he .1 :not‘able to completely D

~

4, -



-'andjmeaningfully understand morefcomplex matterhthat

:

equires formal -

thought. To attain this level of understanding, the student must .

"f. 'progreés to- Piaget B final stage of intellectual development.,

" Many - educators have emphasized this aspect of Piaget 8 theory in ;f

: explaining some of the lesrning problems encountered in the high school

classroom, and in suggestions for their" solution. A number of studies’

to these learning problemsland to an effective means towards their

uresolution based -on Piaget 8 theory.-
Since it was suspected that the intellectual demands of most high o

;ﬂschool science courses was beyond the. level of intellectual functioning

of most high school students, studies were underteken thst involved

’v'

. systematic snalyses of the level of reaaoning required of typical high

}school science concepts (Ingle and Shayer, 1970 Shayer, 1973 Herron,

~

.'.,1975 Lawson ‘and Renner, 1975; Novick and Menis, 1976; Rudson, 1976- :

K Karplus, 1977), and the level of thought characteristic of‘high school

-

students (Nordland et al,, 1974 Wollman and Karplus, 1974 Ksrplus,
JKarplus and Wollman, 1974 Lawson and Renner, 1975 Lawson, Blake and '

_Nordland 1975, Lawson and Blake, 1976) ) These studies suggest that

'much high school -sclence content is formal. while the majority of T

'_Studies investigating the’ Eelationship between 1earner developmental
7leve1 and achievement in science have provided empiricsl evidence indi—l

:‘ cating that the level of the subjeet matter comprising a substantial ‘

.

students function at the concrete stage of intellectual development.

1
§
i

-

a

L
N
i
i

’7portion of high school science courses is beyond the intellectual capa- :

7',bilities of a large percentage of’ students ‘to, whom 1t is taught, and isw

Aty b b

|
l .

B
i

Y

'-_have been conducted inan effort to produce empirical evidence relating ff




R ) . - . W
;therefore not meaningful to these aludents (Sheehan, 1910, Sayre and

. ’. |

';lel, 19755 Lawson and Renner, 1975 Lawson “and Blake, 1976 Lawson\and
',Nordland '1977; Wheeler and Kass; 1977 Cautu and Herron 4978; ﬁoodstein’ .
. and Howe, 1978 Reminsky, 1979) These studies show that the‘perform- "K_H?{S

ance of formal—operational students is signifitantly greater than that /
/

R B o _;of concrete—operational students on achievement tests evaluating under-/ e

" standing of formal so&ence subject matter and, in some cases, on tests

:.:-; - u_ S\<;;’//evaluating)achievement of concrete’ science content. . . i . ),i‘:)f .
| *:_ if I The above findings mé{ be summarized as follows' research;evidence" - ,;i
indicates that the level of intellectual development of most- high sch;ol | '
" students 1is concrete, content analyses show that most high school f '\ ”'I._:

H N L«

fscience courses are- largely formal, and empirical results support a-

¢

’;positive relationship between level of intellectual development and Co ‘J' ' e,

achievement in science.' These three genersl findings demonetrate a need - P

';l‘ - : ‘f hfor further research into possible methods of making the formal science

' } content more accessible to an understanding by concrete-operational - . J'

| students and thereby provide some direction in the solution of classroom .

.- . . -

‘problems related‘to this incongruency. - o SRR e e e

]
&

Some studies investigated the poﬁsibility of raising,level of’

‘ intellectual development over a much shorter period of time than that [

. N : -

suggested in Piaget 8 theory (TomlinsonwKessey, 1972 Breddermsn, 1973,

..Case, 1974; Lawson, Blake and Nozdland, 1975; Linn and Their, 1975 o
Wollman and Lawson, 1978; Case, 1978). The.genefal lach of success -
experienced in these studies changed research emphasis from attempts to'

) promote intellectual developmeut through short-term experiences'to

9:investigations of instructional methods designed ‘to effectively teach

S w

LA : :
. - - R A N
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vconcrete-operational students a functional understanding of formal

concepts. Research in this direction has produced more promising

results (Case and Fry, 1973, Talley. 1973, Howe and Mierzwa,,1977 Cantu.

A
vand Herron, 1978) e

',ﬂ The studies attempting to raise leyelrof‘intellectual functioning
. purnm.

':.with respect to particular reasoning patterns exemplified in Eiagetian

3tasks involved short-term training'of students in these tasks, either

v'as small groups or individuals. The training was usually fonducted

4

under artificial conditions by individuals other ‘than’ classroom teachers..
’For the wost part,«testing was limited to the tasks used in the training.”‘"

' y"' Only a few studies have been conducted with content other than that

- e i o
entailed in the various Piagetian tasks, and still fewer studies have

been-undertaken ‘with reguldr science content‘under ordinary.classroom o

"conditions.i The small number of naturalistic studies in such a poten—f

- N -

tially fruitful area of research indicate a need for simdlarastudies

W7,

investigating potential methods of effectively teaching formal scilence -

content under realistic classroom conditions., . N N ' ) N

j,f' HéweVer, those studies whether experimdntal or naturalistic, that"

. - e
»

have been carried out to investigate the teaching of formal subject

' matter to concrete-operational students have produced controversial

/

: :,results. In a. critical review of studies involving training concrete—

~"'operational students to perform in formal Piagetian tasks, Nagy and

v

]studies, despite claims made by the authors., Herron et al (1976) cite

U1 v et e iy gt (w7 4 -




"f . !¥ A
a number of studies which they assert indicate that concrete instruction

i!'not effective in assisting concrete students to develop an under—

-standing»of abstract ideas. Levine and Linn (1977), on the other hand
Lo ' '
review a group of studies which they interpret as reasonably supportive

A

of the concrete approach of teaching concrete—operational students an

understanding of formal concepts and\principles. Chiappetta (1974 and

AR .
.

formal—opeJational students who function beloy their formal capability
'when exposed to novel formal content. The discrepancy in the above : '/
reviews deanstrates that not only is there disagreement with respect

[y

s
"

‘to. the research results obtained but that there is also a controversy

' kin the/integpretation of these results by others.'

'
Kl

S
TA number ‘of highly relevant stu ies have been carried out under
Some authors, on the basis

\

both artificial and naturalistic conditions.

of . personal experience and empirical evidence, claim that concrete—

7; o |
s operational students can be successfully instructed in formal science
: \ - s
oo subject matter (Sheehah 1970, Talley, 1973, Herron, 1975) Other..
i
studies which were conducted upder classroom conditions, claim success

s

woy
in teaching formal science content .to concrete—operational students
A

(Case and Fry,'1973 ,Linn and Their, 1975 Howe and Mierzwa, 1977).

naturalistic study by Cantu and Herron (1978), rated as a- relatively

sound
. ‘k 7 B
‘aupport of concrete instrucrion as an effective means bf teaching

\V_.

v .

Goodstein and Howe (i978), on the other hand in another naturalistic

concrete-operational students an understanding of formal subject matter.

N

/-

PN
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1976) reports that not only is conerete instruction effective in teaching
1] / ‘

concrete—operational students abstract ideas but is also’ effective with

study by Nagy and Griffiths (19)9) provides strong evidenCe in o

PR N T T
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‘;.instruction. S .

"3_ study of e ually sound design, report that concrete instruction is -

') concepts is affected by the congruence between instructional treatment .*- - \' L

/ ithe relatively few studies conducted An . the classroom, there is. a further

l,conditions, the effectiveness of two different modes (concrete and

L includes an assessment of the effect of 1eve1 of intellectusl develop—*-

:‘active effects between level ‘of intellectual development snd mode of - tV:: . .',‘f

RO -

effective th formal—operational students but not effective with

students operating at the concrete 1eve1. Although in the majority of
-_cases, the evidence resulting from the above studies generally supports'
&

concrete instruction, the specific results obtained vary considerably

- . '

from study to’ study.,,hyg"

Clearly, evidence relating to the teachfng of sbstract ideas to' . ::t AT ;h?

' students functioning at the concrete and formal levels, respectively,\ ~:a,'3-l “ff',j:u

is rather inconclusive.‘ This inconclusiveness signifies a need to C

further research the question of whether the acquisition of formal

s ., . 1

and the intellectual developmental level of the learner. Because of\'-‘“ o S

~—~

need that the sbove research be carriéé out under real classroom condi—-’":vxgi
tions. This type of study would provide evidence thst would be more PR "',,;/7“"
directly applicable to the p:oblems encountered in- teaching an - under-;‘ ‘ R ;//“

. : L S

standing of formal science subject matter.

B Purposezof the‘Study'

. - w e , N
\ . . hod § . R - R . . Vort e N
- . N B . - .o P

. : g A " . . . .

The msin purpose of the study is to assess. under naturalistic

formal) of teaching formal science concepts to students classified as . o

B concrete, transitional and formal—operational thinkers. The study also

ment on the attainment of these formal concepts, as well as the inter—‘_Q

‘.
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Procedure: ) ‘ '
: PR . . ' S
A summary of the experimental procedures is outfined in this

a

'section. A more detailed report of these procedures will be provided

] v - . :
- i

__In/preparing for the emperiment two. units from the eighth grade

-

: level of a junior high schoél science program were examine .The~major

»concepts comprising thes two units were identified and - sy tematically

'.analyzed to determine fhe level of thinking required to understand them.f .

On- the basis of this analysis, each of the concepts isolated was classi—«'*f

fied a8 concrete-operational or formal-operational., Only the formal

';concepts were selected to form the academic content of the experimenta

. L
1)

The two instructional approaches employed in teaching these formal—

operational concepts differed with- respect to the degree to which

concrete experiences were emphasized. The more formal method was used,

-with the control group. Regular instruction was classified as the’

"‘formal approach since it primarily involved classroom discussion and :

lecture rather than the use of concrete exemplars and experiences. The.
. i

' xperimental group received the more concrete instructionf—\\ is approach
" was categorized as concrete because it was based on student activities

‘ involving guided manipulation of physical models of selected formal

.

Y

’.concepts.r

éppropriate tests were conducted to. determine each subject 8 1eve1

.

:“of achievement of these formal concepts, and also his or her level of o
-"intellectual development. The achievement teste were administered when'»

‘instruction was completed for the concepts involved. Assessment of the

7re1ative effectiveness of\the two instructional modes was based on mean:'”

v
.




- 1elected from‘the prescribed,science program in'use at the grade eight

ﬂllevel. These concepts were taught, using both . methods, by ‘the regular

- .to one another.q

Ve

*

group scores on’ these achievement tests.;‘A test designed to measure o

the level of intellectual development of each subject was administered

,

during ‘the experiment. Scores on thia test andronvthe achievepent test

s - . N

I were used to determine the-relationship.between’level of intellectual.

development and. instructional approach and between level of intellectual

. development and understanding of formal concepts. o e ,l_ E '.;J;'Q,“

v

The developmental test was administered mid-way through the exper-

. iment. Technically, this was the wrong time to conduct such a test.(:*~»: "

“If circumstances were conducive, this test would have been administered

'uearlier. However, aince researchers haye not been- very successful in

their attempts to train’ formal operations, no significant change in f-t

1eve1 of intellectual development was . anticipated toshave occurred w
~-, ) . ' & - oL :
during the course of the study. ' L . , ) o f

In accordance with the aim of conducting a naturalistic study, the

formal concepts comprising the academic content of the experiment were

. s

‘classroom teacher during regular class periods.' There was no interrup—

“tion in the sequence or progreas of teaching the concepts as 'a result

»

L
‘ of the study, except that the teachers taught the unita in reverse order .
D . N B 1

T i : : g

! WDefinitionfof Terms

Theé;pllowing terms need to be defined in the context of atudy..
Con te—operatzonaz aoncepts. These are codgepts whose meaning

" can be obtained directly through the manipulation ofgobjects or events,;
& .

e




we -

B .. or through.reference to familiar experiences.l These include such con~ ‘6

o s
Y

',cepts-ss_cell, tissue, plastdds, etc f when these concepts are defined

in terms of.or with reference to observable properties. "u

.-
v

"

Fbrmal-operatzonal concepts. 1hese are concepts whose meanings

/

'are developed ot through the senses but ' through position within a'

o . o

"postulatory-deductive system,” a term which "refers to the theoretical

v

Amodels (systems) of science (Lawson and'Renner, 1975). These_include N

such concepts as diffusion and*osmosis‘when defined in.terms'of 1ﬁpef--‘

- . . :.- -
ceptible properties, asg well as concepts ldke sound anes and ‘energy o

»
=~ ¢ S

which cannot be defined in terms of directly perceptible events. .

. . - ] .
w2 . ) . B . P [ -
N ot 3

Cbncréte instruation: The mode of teaching employed as:concrete-

‘. , "

ninstruction was b ed 6n structured activities involving models developed ‘

by the researcher. The various activities included manipulation of

.o
b g

5.'these models which served as concrete representations of the phenomena-‘{

’ 'being studied I : i. ;{_ el I . ‘.',

. TS Y S
- . o .

¢ Formal, instruction:. The method of instruction normally folloned

- the use &f abstract examples. “,

v

s S

'

by the regular‘classroom tescher was designated as formal instruction -

. -

since the teachers involved in the study followed the prescribed science

'program which was deemed to be largely formal- especially with respect to

',; - -

. - 0
a ‘ »

_a : : . e L
2 . . . . ' °
N Lo

Achzevement tests. Two written tests were constructed to exsmine o

. the subjects understanding of selected formal concepts from the two

AN

different topics involved in the study. - These tests consisted offiféms

developed to assess: understanding at levels 2 (comprehension) and 3

PR tv 0

[T
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" .(application) of',Bloom"s 'lzaxon'oxuy.," Both tests'srlex discussed in more

o Tde'tsill' in a later section."

'I'J'naerstdnding: 'Understanding is indicated by the student's"'ability" o

T to. select the most appropriate responses .t'rom multiple choice ‘test items_

Developmental Zevel test This is‘a- eper—snd-'pencil test, e

consisting of five neo-Piagetian tasks, constructed to determine the )

A

‘level of intellect‘ual development of the students involved in the study.

s . . e

In constructing the test" it was assumed that no subjects were less than

'concrete—operational. . This test is further discussed in a 1ater section. .

N »

u‘belimitations of the Study

iy
. IS
s

. The' following factors may jeopardize the external validity or o
representativeness of. the study. . L
V 1 The ssmple was chosen from one school and therefore msy not be
sufficiently representative to allow generalization to the population

of Junior high school students in general. In addition, the. results msy

e I3

‘-'not be generalizable outside of the junior high level participating in

'the study. Such fsc.tors as'age, location, etc., ofl' the sample msy, not

be representative of other populations. y .

~

2. The psrticular content msy not be’ ty'pical of the content of

. school science courses/ in genersl. The results, therefore, nay’ not be

LA

-generalizsble beyond/ the cont'ent of the study ,' o .- .
3. The duration of the experiment was such that the results :5',
produced may be specific to this particular thime span. Ihe sane _exp'er--. "

/| .
@ j.,' - ._—' . L P . N

)
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iment conducted over a 1onger or shorter timeo period may result in a ;

AE

totally different set of data.' .

‘4. The classificat:lon of students into different levels ofv intel— .

N - .
. - o

lectual development may be spei:lfic to the particular tasks used in the

' study g A difﬁerent set of tasks for classifying students into concrete

o and formal levels of intellectual development may produce different
‘ results. As Buch, the results ohtained may not be generslizsble beyond L - . S

the particular tasks used in the study.

Although it is necessary to recognize the potential confounding IR

influences represented in the foregoing delimitations, there is no

reason to suspect that the’ results obtained An the present study are’
.\ .

- not general.izable.

~. Limitations of the Study L S e L

e
e
N

The results of the study may ‘be influenced by the following extra- " E .';

- neous variables- L - e

"1 ‘ The students were not randomly assigned to the experimental

groups since each group wss composed of an entire intact class. There- ) )

fore, the researcher did not have experimental control over the initial

s

equality of the experimentsl and control groups. However,_- statisticsal ‘

control was employed through analysis of covariance.

.

2. The reactive effects of experimental arrangements may confound”

: the effects of the experimental treatment. The teachers weTe fully

aware that Y:hey were involved in an experiment and- may, therefore, hsve :

chsnged their \behavior sufficiently o influence the results. -However,

. %
o ‘ ot ‘

“the study avoided reactive arrangementa with the’ students in that none - o . AT

) . - ; s N .

' - L8
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"'and'between method and teachers. The instx:uctional procedures enrployed

Satind & + . L R )

m.ey be exceptionally effective or’ ineffective with certain kinds of

of the students were eware thnt they were part of an experiment, other = o

than ‘for the developmental testing. ’.“.‘ vl e

8,

v
- . /“’,:-

students snd certain kinds of teachers. The results-obtained may,

; therefore, be specific to the particular students involved :Ln the study

- :control over this interaction effect was attempted through the inclusion- .

. subjects. ) "“a-"

. questionsi * -

"or the particular teachers employing the instructiona.l methods. tSome }

kN

-

of a second teacher and additional groups of experimeutal e‘hd control

e .
-’ ’

4 The validit:y and relia.bility of the instruments employed :Ln

the study may have had soie influence ‘on the results. ) However, since

r

”the instruments used to measure academic achievement and. intellectual
) developmental level were non—standardized tedtsy steps were taken to

'improve their reliability and validity through piloting and consultat:ion

w:Lth appropriate specialist:s'. ‘2' T T g

¢
B\..

. Research Questione and Hypotheses ao e

The study was conducted 'g:b provide "an,swers to the .vfollo‘wing ‘three -

aa

[N 9%
> . LTl . 3

»

‘the achievement of formsl concepts? .
2. . _Does an iudividual's intellectual developmenta.l level affectg

'»achievement of formal concepts?

.

3 There are, potential interactiona between method and subjects s

coo L Does' ~t'he develonmental 'level ‘of’in'strhctiona’l" tr_éatment affect.
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3Do developmental level and level Lf instructiunal treatment
‘interact: to affect the achievement of formal concepm?

In accordance with the questions raised above, three statistical

) e \‘

hypotheses were tested. Based on the research evidence available, these

o hypot‘heses were stated in the null form as followa‘ o '

: 1 'I'here will be no significant difference in achievement test
- tion, respectively. ’ -
2. There will be no significant difference i\n achievement test
',scores between subjects ‘at different levels of intellectual
"development. o

.3 There will be no significant interaction betwaen 1eve1 oof

.V."-'to students perfomance on the: achievement tests.
5 " Summary - LT

The chapter began with a brief discusaion of: Piaget B, model of :

e .

. .‘:'intellectual development, with emphasis ‘on the reasoning patterns cher—

"‘..v.acteristic of the concrete and formsl stages and their implications for
'chassroom instruction. This theoretieal baekground to the study was -

: :followed by. the- establishment of the need for further research into the
‘effectiveness of a concrete instructional approach in teaching formal

' _science concepts to intact classes eontaining a- substantial population

'of concrete—operational thinkers.- ‘The -next aection outlined the purpose

«

- “.of the study as t:he investigation of the need demonstrated in the

"'previous discussion, while the following section briefly described I:he

e

. [ . . : ° v et oo - . .
. . . . - . . o - P . .
v . . L s N
;
; ,

L ,_':‘:... o :.:-‘ » _’ . .17‘..

instruction and 1eve1 of intellectual development with respect

‘ ‘scores between subjects receiving éoncrete and formal instruc- T Tt

Como



i
P . -
R - . . . oo . . (e A i
- fro R . .

. M AN . o v ‘ ‘e .
v [ ' . B - '
. R, AR L e £ 'w‘-.mrv‘-—.— SRR - JRTRBN R - B O AL -

e e v ; o P - e . . s, . PR - S T . . B

;. B s .o » " B . . S L . o e . . . e, . 7, R Lo

< - : e P R AL o o \ . . . . S

e R . . T, . . N ' o W
te P P o e Lot e
. i N N ' [ v ‘ DY .,
\ L T L) oL PN T

- -

procedures involved :Ln conducting this inveatigation.’ Coﬁaideration.of e SR

the delimit‘&tions and limitationa of the etudy arising from the proce- ' *

Cal dures was followed 'by the final aec%ion containing statements of the

o

questions and hypotheses. M e T

. ' ) In the next chapten. the related reeearch will be presented in an "
. . BN - P - s ‘
' organization which ahowa the development of research in science education‘ . ] L

EREE S . which 1s related to the’ Pia.getian model. Chapter Three discusses the

design of the study, the procedutes followed in.- applying the design and \ e ‘*

the :Lnstrumenta uaed to collect the appropriate data. Theae data are 2 R .;’: 9

analyzed :ln Chapter Four using analysia of covarianc\eaﬁ ‘an appropriate 3"':‘47

i , o statiétical teq.‘hnique., Fina.lly in Chapter Five,' the resulta of the B j:"' Lo
i analyses are summarized appropriate concluaions baaed on these reaults .'- R

4 formulated andv the implications of the resulta discuased. .
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w

intellectusl developnient of high school students. This section empha—

T R ©or o mehmemeesiaoene s st

A mvnzw'_oe ,RELATEb RESEARCH )

'.l'hia chapter will consist of four eections. . The first eection »

E“reports on analyses indicating the conceptual 1eve1 of high school

—~

science ‘programs. Alt'hough some of ‘the - studiea 1ncluded in thia section .

'

- involve subject matter- from senior high Bchool B?:Eﬁce courses, 1t was - ’
'_decided to in'clude them in -the' review since a large portion of the-
x content .concerned is frequently included in junior high 1eve1 courses.

I .The second section reviewa Btudies that have investigated the level of

.

' sizes studies dealing with junior h:lgh echool students._ However » there '

are - some studies reported involving senior high school and college

-

students‘. These studiee are included as relevant only in the sense that

‘ junior high school students would be expected to be: even less developed. - ‘

t

) :The third section summarizes reaearch on: the relationship between intel— l
S lectual developmental level -and ach:levement in ecience. The' fina.l |
‘ aection reviews studiea that have endeavoured to- train concrete-gpeta— )
‘ B tional studente formal Piagetian tasks and other formal concepts and |

-,-.principles.‘_ C fi e L

.

Analyses of the Conceptual I.evel of .

'I‘ypical Science Content C P , _, o

In view of Piaget 8 contentions and the various research supporting

- ;'his ideas educators have become concemed over the 1eve1 of thinking o o

. ‘reqqired to understand e concepts constituting h:l.gh school science

'\..‘
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) that five of these concepts "can only be défined in .terms of other

' curricula.' In exs’ﬁning the concepts comprising these curricula, many

educators have concluded that the majority arfa formal

This view is supported by the findings of Karpléﬁs (1977) in an’

oo

In a position paper dealing with the interpretation of Piaget 8. theory

' and its application to science tesching, Karplus examines nine concepts ~
" that are: usually included in junior high school science courses'
; .‘density,' temperature, ‘cell. gene environment, chemical bond periodic

' ‘systen of elements, acid—base, and ideal gas. His assessment -reveals ‘

.(cconcepts, -sbstractproperties, theories,' and matheﬁaticsl relstionships"

- The other four can be defined’ either as formal concepts or "in terms of -

_ familiar‘adctions and examples. In the latter case, all four' would be
classified as concrete. Howeverv it is the formal significance of these‘
: concepts thst is ftequently emphasized. | ' .
' l-lerron (1975) lists sixteen competencies commonly e.xpected Of 'stu—'-- o
I'.dents, which he’ claims can be successfully lesmed by students vwho are a
',inot formal-operstional, and contrasts fhese with"‘related "formal" exten—(

o

'sions which cannot be mesningfully 1esrned by students who are not oper— :

ting at the formal stage. Herron, suggests that it is the performances
requiring formal thought that receive most attention in the clsseroom. )

Lawson’ end Renner (1975) arrived at a similar conclusion in a study

‘conducted ‘to determine the relationships of science subject mstter and

'the developmental levels of 1earners. As a’ patt of  their. study, the

authors isolated the major concepts from three different science pro-

]

B

) . analysis of a number of typical concepts from vsrioue science curricula. -

‘ and ‘a8 such require formsl reasoning patterns for their understanding..

-
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'_ - grams (biology, chemistry and physics) and: systematically classified

them as concrete or formal In the summary and conclusions section of
T

i Ltheir report, they state that the major of the concepts taught in

‘X

"the three science clisciplines were categorized as formal "

( v Y o ' ‘ " In an analysis of the conceptual demands in Nuffield 0 - 1eve1

| Ichemistry, a course for 11 to 15 year olds, Ingle a‘nd Shayer (1971)

' ; e ... discovered that many of the topics either require early formsl reasoning

¥ '(3A) or fully formal reasoning (3B), .and that during the first part of

.-the course "the proportion of high level concepts rises steadily" while, 3
‘the second part of the course is sustained at a high conceptual level.

The suthors claim that the high level concepts are introduced in the -
course ‘at a time when they are not’ accessible to most students. As the: a
students become older and develop intellectually, some of the topics

."i FE become accessible, "but many students never develop the intellectual

.‘ capscity to comprehend these concepts. . .‘ ‘ ”"‘

In another report ‘Ingle" and Shayer mention the mole concep&: as

“one of. the many concepts causing much difficulty at the o' level. - The.

authors indicated that the reason for this is that students need to- be
fully formal—operationsl before they can completely and meaningfully
. comprehend this concept. Novick and Menis (1976) and Hudson (1976) also
subscribe to this opinion. . . '
If formal reasoning is indeed necesssry for the understanding of

many concepts typically taught at the junior high school ‘level, then e

the curriculum is only suitable for students functioning at’ the formal

v - (\ / .stage of intellectual development. The crucial question 1is what propor— .
N . K s v . . s =
P P ' - 'tion of junior high school studente are functioning at this level of -

. .. . .
- . . . . . .. . RN
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intellectual development. The answer to this question is encompassed

: in the evidence provided in the next aection. L

W * .

* . N ) . . ) . i 0 . )
Intellectual Developmental Level of -
‘High School Students '

Numerous studies have investigated the developmental level ‘of high
- S

) school and college etudents,,using different combinations of neo—Piagetian

tasks in a variety of different: ways (Karplua and Peterson, ‘'1970; l(ohl— :
berg and Gilligan, 1971/—Renner and Staf-ford 1972- Wollman-snd Karplus, .
‘_' 1974 Karplus, Karplus and Wollman, - 1974, Nordland et a.l, 1974 Lawson

and Renner, 1975' Lawson, Blake and Nordland. 1975 Sa.yre and Bell, ' |
v '1975 'Lawson and Blake, 1976 Chippetts and Whit:field 1976).' Althouéh
"’the proport ion of concrete and' formal students varied the studiee were

- consistent 1n, classifying the majority of studente as concrete-opera.—- .'

. ; .
- tional. Onlyla small percentage were categorized as exhibiting formal— ‘
‘operational thought. Even those students-.who ,have the potential to

function at the formal-operational level frequently regress to a lower

:»‘level when exposed to formal science content (Chiappetta, 1976). The

T _studiee 1isted above will now be described in more detail beginning with

» -studies involving primarily ‘junior high school etudents followed by
.'senior high and college studies. '
Kohlberg and Gilligan (1971), in a paper relating to intellectual
: '-'.development, report the findings of a study conducted to determine "the

) percentage .of persons at varioué- ages showing clear; formsl-operational

T reasoning on the . pendulums task. The Btudy reports that only 45

,percent of the sample of 265 stﬂdents,A ages 10 to 15, showed formsl-—

Y 'operational reasoning. In another problem, a correlstion problem, this T

i - Y S A R ISt s n 7 T e -
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level of reasoning was displayed by even fewer students.

Lawson and Renner (1975) cite nine recent research reports indi-
cating that between 40 and 75 percent of junior and senior high school
students failed to reach formal-operational thought.

Sayre and Ball (1975), in a study conducted to investigate the
relationships between science achievement and intellectual development,
classified only ten percent of the grade eight students involved in the
study as formal-operational.

Nordland et al (1974) investigated the level of reasoning of 96 grade
seven students. These students were randomly selected from a junior
high school serving primarily a black and Spanish-American urban area.
The students ranged in age from 11.7 to 12.6 years. Ten Piagetian tests
were presented to each individual in an interview type situation. Based
on their responses to these tasks, 84.4 percent were classified as con-
crete-operational and 15.6 percent were classified as formal-operational.

Wollman and Karplus (1974) investigated the intellectual development
of 450 seventh and eighth graders from two schools in Orinda, California.
The students were administered six problems requiring proportional
reasoning for successful completion. Only 15 percent of the sample
demonstrated formal-operational thought in their response to these
Problems. Wollman and Karplus state that they obtained similar findings
in an earlier study conducted with 173 eighth graders.

Karplus and Peterson (1970) administered their Mr. Tall - Mr. Short
task to 727 subjects in intact classes. Its purpose was to determine
the students' ability to apply the ratio concept, considered by many as

an important component of formal-operational thought. The students
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ranged in age from 9 to 18 years and in grade level from four to twelve.
According to the findings, proportional reasoning does not occur until
the last few years of high school. Eighty percent of the students in
grades eleven and twelve exhibited proportional reasoning. Very few
students below grade eleven were successful. Even when these students

"cues" they were still not successful with the task.

were provided with

Karplus, Karplus and Wollman (1974) administered another version
(form B) of the ratio task to 616 students from urban and suburban
schools located in the San Francisco Bay Region. An analysis of student
responses to the task revealed that approximately 16 percent of the
grade eight and nine students were able to apply the ratio concept on
the level of formal thought. The percentage was substantially less for
the lower grades.

Renner and Stafford (1972) examined the level of intellectual
development of 298 junior high school students (grades seven, eight and
nine) from various schools scattered throughout the state of Oklahoma.
Six Piagetian tasks were administered on an individual basis. According
to these interviews, 77 percent of the sample was classified as concrete-
operational, 13 percent as post—-concrete—operational, and six percent
formal-operational.

Renner and Stafford (1972) also assessed the intellectual develop-
ment of 290 senior high school students (grades ten, eleven and twelve)
enrolled in schools throughout the state of Oklahoma. Again, the
students were interviewed on six Piagetian tasks. Based on these inter-

views, 66 percent of the high school students were classified as con-

crete, 17 percent post—concrete and 14 percent formal.



'tasks were

h Indiana, with .a total population of 800 students. )

) of Piagetian taska. ‘

‘ ) Norman, 0klahoma with a total population of over 2, 000 students.

. ) ) .v‘q ’.’.‘ ‘ ‘l,
‘Lawson and Blake'(1976) | in a'study to determine whe'ther Piagetian . e

content free, used three separate instruments to measure o

the reasoning abilities of high echool biology etudents. ‘ A sample of

‘ _68 students was selected from a high school located in north central :

The subjects ranged

' in age from 14 years 7 months ‘to 17, years . 5 months, with ‘an a‘verage .

'age of 15 years, 5 months. . 0ne of the instruments consisted of a battery

The other two designed to evaluate level of

reasoning ability, were referred to in the study as the biology .exemi- )

.nation and a non—science—-content examination. On all three ins truments,

. one—third demonstrated concrete-operationa.l thought while one-fifth '

- 0

. showed'formal—operational- reasoning. The remainder showed advanced

concrete and early formal reasoning in a mixed pattem.

Lawson a:nd Renner (1975) classified 133 high school students into

levels of intellectual development in a study conducted to investigate o

‘the relationship between science subject matter and the develg'pmental o S

:level of the 1earner. The subjects vere selected from a school. in S .

Fifty~

"< one were randomly selected from the biology classes, 50 ‘were similsrly

_.selected frg_ the’ chemistry classes and all 33 from the only physics

i

To measure the intellectual developmental level

?bf these students, four Piagetian tasks were; administered in. am interview

class were selected .

type setting. Only 4, 8 percent of the sample of 134 students were

.

- considered to be reasoning at the fomal—operational leVel

- }

Lawson, Blake a.nd Nordland (1975) attempted to train 65 high school

,biology students, ranging :[n gge fron 14 years, .7 months to 17 xeara,

'..10 months, to e(‘mtrol variables. * The Lungeot test of logigal operations

) . . . :
M e . /' . )
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“'was administeredi‘ to ‘de.—terminellev}ell*of‘ inte];lect\ial -de'velopmenti‘ :
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.
4

. -Accord:l.ng to performance on this test, .15 percent of the sample wasg -

classified as- early concrete (11A), 42 percent as fully concrete (1113),

35 percent as early formal (111A), and ejght percent as fully formal
(lllB) . stson (1973) also reports adimilar results 1n his clsssification L ’

of a sample of high school biology students using a battery of four

’ Pisgetian tasks. He found that 18 percent were functioning at the early

u?

. concrete level (llA), K percent at the fully concrete level (llB) R

percent st the early fomal 1eve1 (111A), and two perceut at the fully .

_formal\level (111B) . A L S

o

l

Chiappetta and- Whitfield (1974) assessed the :Lntellectusl develop-

"me,nt of a group of 26 seniors from a high school in a suburb of Houston,

Texas. The sample vas selected from three academic tracks (vocational, '

general and college preparatory) Each' iud:l_vidual subject was inter- L

vigwed ' on three Pisgetian tasks. of the general group, 53. 8 percent 'N‘

Il

Were categorized as concrete while 46 2 percent were categorized as s
B f'h ‘

. formal. Twenty—seven percent : of the college preparatory group were

clsssified as concrete while 73 percent vere clsssified as formal. '

N .
i N

Surprisingly, college level students are not ‘much more sdvanced in’

: reasoning ability than high schogl students. Research cond‘rcted on .

freshnan college.stu'dents reports approrimately 50 . pereent as concrete- v

1 o

~operational, 25 percent as transitional and 25 perceut as- formal*\w

(Mc!(innon and R.enner, 1971 Lawson and Renner, 1974) o
i/ o - e

In summary, most junior snd senior high school students, as. well

.88 a 1arge percentage of college level students, are not clsssified as ‘

fomal—-operational on Pisgetian and neo-Piagetian tagks. A large -

/l —

Tee—ie
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junior high school students are concrete—operational and therefore, :Lf
‘one: accepts the Piagetian model, may no be cspable of understanding

many of the concep ts included in the 123 sent junior high school science

L b
. - curricula, since most of these appear to be formal-operetional. ‘This

level of. intellectual development and achievement in science. The

u s =

&

. Relationships Between - Intellectual Development ,T
N . -and  Science Achievement '

The relationships between intellectual development -and science

3

13

the evidence produced BUpports rthe hypothesisq that formal-operetional

[N S,

. students achieve a better understanding of science concépts thsn gon— °
. ., . g . - 5\ -
oL crete-operationel students. In sddition, some research results also

indicate that’ formal—operational students perform below their cspaeity

-

":J | L ‘ on test items requiring formal—operatiorzal thought (Lawson and R.enner,

3 \

/" 1975; Seyre and:Ball, 1975; Lavson and Blake, 1976). Chimppetta (1976)

o

[N

"' novel subj ect mitter. He believes that sufficient experience with the

new subject metter~ results in students retuming to their general leVel

. of". intellectusl development. a

[

Rsven and Polanski (1974) conducted a study to investigate the -

oy

. . : . N
= . . 4 Eusaal ATRIr Vit A Tl o i . S e v e

incongruency has led researchers to investigate the relationship between -

following section reports the results and conclus‘ione .of these studies. '.;

‘echievement have- been investigated in relatively few studies. Generally, .

' sp’eculates thatithi's regression occurs when students- are confronted with‘

o relstionships among Piaget 8 1ogica1 operations, science content compre— i
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hension, critical thinking, and.creativity. The procedure~involved the

: adminiatration of a battery of seven tests to 111 .fourth grade students
e
d 109 sixth grade students. These tests were designed to measure the

':Udegree to which each-subject possessed “the above characteristics. The.

a v

. relationships between the various measures were determined by correlation

[
T e

and regression techniques. Among other findings, the authors report a

'substsntialecorrelstion (0 62) between scores on the instruments*employed .

‘to- measure science contept comprehension snd the intellectual developmentl

3

levelsjof the learners as measured by a neo—Piagetian test. A regression
snalysis showed that 40 percent-of the variance’ in the science content
comprehension scores was explained by the level of intellectual develop—-

ment seores.' Level of intelleetual development also accounted for a

' substantial fraction of the vaxisnce in the scores. on other tests.

[

Lawson snd Blake (1976) investigated the relationships between

]‘achievement in biology subject mstter and the developmental levels of

~68 high school students._ These students had a mean age of 15 years, 5°

months and attended a rural high school in the Midwest. In classifying
e
‘them ss concrete or formal tWO instruments wére employed

.,instruments consisted of three neo—Piagetian tasks (Pendulum, Balance,

. and Rods) The other instrument ‘was a biology subject—matter test

<

w o

comprised of 13 items, This test was designed to evaluate student

s . Vi o - 1%

uperformance on concrete and formal items relating to material taught in

a two—semester biologY’course. The analysis of the subjects performance'

v

‘on these two instruments showed that there was a significant relationship

between le&el of intellectusl development and schievement in biology.‘

- However, some of the students who performed as formal on the developmental )

5o . . . o . P

" One of the L
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e e i test (53 percent classified as formal) regressed.to'a lower level’onf

-‘-_ ‘.

P

L o students apparently did not maintain formal reasoning patterns when -

x\
‘r
-

: 1‘-'f . confronted with certai_ subject matter. RS “T‘ L ;: o

students were randomly selected from.a popn—y o

1 district in Coloradb, United States. - Ivo

hundred and fourte n jun or high students were selected from the variouys

<

science clasSes'in<grade .seveng eight and.nine; while 205 were selected

. ! s / ' ' Ce. - . L 6 L
- from the grade-ten. elev n and.twelve science classes. The. authors

report a significant re ationship (at the 0 01 level) between scholaatic 3

-

grades and ability to P! rform on the formal-operational tasks, both for f

: f, o L
(r =‘.46) o B ST S

‘ o . . N .
(1975) also investigated the relationships between

science achievement and the intellectual developmental level of the

35;4:anson and Renne

1

voe v“'

Qleerner. Their samp%e included 51 biology, 50 chemistry and 33 physics

students selected from ‘a- high school of over 25 000 students. The school

B

. were administered t determine level of intellectual development.' On

was.located in the outhwestern United States. -Six neo—Piagetian tasks B

..

P

v the subject—matter exnmination (only 35 percent rated as” formal) Some i;;,;'*"
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istered immediately following the categorization of subjects. Each

subject matter test consisted of two parts of 15 items each. One g

, section of the test evaluated concrete—operational science concepts .

' choice achievement test was. developed for each subject area and admin-'vm

while the other section evaluated formal—operational science concepts. -

:'The results shows that overall formal—operational students achieved

'f"significhntly higher scores, than students. classified as concrete—opera—H

. N
.tional. Eariy concrete—operational students did not . demonstrate an

‘,understanding of either concrete or formal concépts.- Other concreteh

_-operational L udents showed some understanding of concrete concepts but )

T o -

no understsnding of formal concepts. Formal—operational students,.on“::

S
1

the_other hanh, achieved an understsnding'of both concrete and formal

«am—

: concepts. Generally, as’ level of intﬁllectual development increased

<9

the . number of .concrete and formal items answered correctly increased. ,:
P .

. general level of intellectuel development

Whereas the previous studies investiga ed the /relationship’ between‘

hievement in science,'

- two studies which follow investigated the rela ionship between the

- .

attainment of a pal ticular formal—operat?onal reasoning pattern and ’

science achievemen .- One of these studies was conducted byaLawson and

e

' Nordland (1977) They investigated the relationship between level of
' reasoning in a particular area and achievement in biology, by rel&ting

g'the subject 8 ability to conserve to his ‘or her performance on achieve—f

ment tests consisting of items classified as requiring either concrete_

':or formal thought. Twenty—three BSCS biology students (20 male and

" three female), of above average intelligence, participated ‘in the study.

' The student 8 ability to’ conserve was meesured by three tasks admfnis—

i . ' . . ' . - - ooy .
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tered at- the beginning of their semester of study. Achievement ofithe'. ";p-.
"/content and skills taught was assessed by six biology tests‘administered..ﬁ
'~vduring the course ‘of the semester.' The achievement‘scores of three~ )

'groups of students at three different levels of conservation reasoning

.were analyzed by one-way analysis of variance. The differenceabetween;_ o
‘ the groups was significant at the 0. 10 level. The authorsfclaim.that f~t
o these results support a relationship between ability to conserve, as
-:indicated on certain Piagetian tasks, and achievement in biology. B
‘HOWever, even those subjects who could correctly perform ‘all three con—‘

‘servation tasks only scored an average of 22 4 percent on the formal

test items.- B R S
S N - . . [ . . . e

Wheeler and Kass (1977) studied the relationship between propor— - ;"* L

.ftional reasoning and achievement in science with a sample of 168 grade
.ften chemistty'students. The pzoportional reasoning ability of the '
‘jsubjects was . assessed by three’ different instruments. These included a
{"-- : ’test consisting.of four d%b—?iagetian written tasks, a general propor-'
'tionality test and a chemistry test were administered to the students
‘before- they began their course of study.' During the course, they were
.34 given the test of proportionality in chemistry. This test consisted of’,‘

K subtests which were administered after the appropriate study of - the

}relevant subject matter was: completed.. The subtests were - comprised of

'"'fitems analogous to ifems included 4in' the general proportionality test. . f’;~"

At the end of the course. another general proportionality test (equiva—~

:; lent to the previous test) was administered in addition to a general I. .ﬁ' a

. schievement test evaluatiug the whole course, The analyses of the~

e '~various scores indicate a high correlation (0 .76) between subject per-,

to N
v . . N B
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f'comprising most junior high achool curricula, and the r%}aticnship

O ST SO,

_formsnce on the proportionality test in chemistry and scoresion the.

' ,were found between the scores on the .other two tests and overall

"achievement in chemistry. In contrast to the dbove studies, two studies'r

‘reviewed above indicate a signif cant\relationship between level of
“intellectual development and achievement in- science. These studies haveT:

;~found that under regular instructional procedures (expository type

-under somé‘circumstances, formalﬂoperational students regress to 8 lower

.lbetween level. of intellectual development and science achievement, s R :' ,
Ajunior high school students are often confronted with concepts that g

) appear to be’ beyond their level of comprehension. According to Herron . : T
4teach accessible to those students who are .not’ formal thinkers and we- :

‘formsl. The next section focuses primarily on empirical evidence and

! "armchair suggestions relative to-Herron s,suggestion.

R R N Pn e s bt s (o iaite e e et + o e a

‘32

chemistry achievement test._ Only moderate correlations (0. 48 and 0. 41)

i

relating to students in first year college (Reminsky, 1979) and high
. school chemistry courses (Griffiths and Kass, 1979) found low" correla-

_Ttions of 0 31 and 0. 09 to 0. 36, respectively, between science achieve—

’

N . he - i -
" ment and developmental levei;> R ﬂ-“ ST “" "i' .:“H R

Although the empirical evidepce 1s variable, most of the: studies . /;."N

teaching) formal—operational students perform significantly better than "7‘
R
concrete—operational students. Also, research results indicate that ’ b;f

i

1eve1 of reasoning. Thus, based on the evidence available on the level

of ressoning of most junior high school students, the level of concepts

-

LY

(1975), "we can skirt the, problem if we ‘can make what we" are trying to

can overcome it if we' can encourage and sssist students in becoming

) . v
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" Teaching Concrete-Bound Students. an Understanding
’ " ‘of Formal Concepts and Principles: - -

- . e ' L. . S

P e, . oL Yo

,//i_jii . In a number of studies attemptsihave'been,made to. train non-formal .
g R «'ﬂ‘lstudents in specific Piagetian formal tasks. Although'the evidence’.' ‘
prodrced is. inconclusive, some indication is provided concerning the

possibility of teaching concrete-operationsl students a functional

unde;standing of formal science subject matter. Suggestions of concrete
: : Tlins#ructional approaches to accomplish this task have been outlined by .
| . 'various writers. Studies have been undertaken to examine the effective;,'
/ - . .

/

’

.ness of providing concrete treatment of formal content to concrete-bound )
,/. S
e students. These studies will be reviewed in the 1atter part- of this-
S .

seetion. " First, . some reviews of training studies will be presented

followed by suggestions of effective meahs of teaching formal science 'g" - "/

subject matter to students who are. not formal.

-

i,lup’iy-‘ l’lﬂ ‘;F Studies in which attempts were made to. train younger students to
jf :~f o :f~l.i conserve qusntities have been extensively reviewed by Brainerd and Allen
H . .‘. (1971) and Beilin (1971) According to the reviewers, these studies /
indicated some success in training students on particular tasks but were4
"f,':generally not successful in promoting transfer to novel problems.
’ There have been a number of reviews of training studies conducted‘u
‘.with older students. Levine and Linn (1977). in a review of'such '
'L studies, most of them involving training ‘on Piiget 8. controlling vari— |
ables task, found it very difficult to draw definite conclusions.. Some
e .of.;he findings that they claim were reasonably consistent are listed

as follows.

(1) Training promotes performsnce on the trsined tssks ,

‘ .

S e e . b e st ¥ o, ot b
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"Jaccompani d by apparatus. ‘ - .', ,'
A {(5)‘ Various means of motivating students, such as cognitive
.-conflict, do ‘not promote student performance.

(4)J Ihe teaching of . strategiea is not as. important as. teaching an

‘ 'mation.' S I . T

‘Based~on‘these findings} the authors suggest that the studies .

-reviewed indicate'that.logical‘thinking'improves under certain condi-

- 1

.:tionsQ.ASince most of'the'studies reviewed did not test for:retentionh.

-t
. .

r

" or transfer, Levine and Linn apparently accept the gains from pre-testing

"'to post-testing as indicative of the development of reasoning ability.

50thers, however, have clearly shown that such gain may not be evidence

of improvement in reasoning ability but merely the results of a "testingi

‘1effect" (Lawson, Notdland and Devito, 1974)

Herron et al (1976) disagree with studies claiming to have drama- '

: tically increased developmental 1evel through training on particular '

~formal Piagetian taska. They argue that intellectual development cannot! o

‘-be accelerated through auch short-term experience. Such experiences,

\

:f although they may be effective in promaéing intellectual development

'over a longer period of time, do not substantially change the level of .

reasoning of an individual"that is, will not cause ‘a student to change

stages.' "The authors claim that most of the training .studies support

4'their stand in that their reaults show gains on a post-test closely .

, related to the training but no gains on retention or transfer teats,

’
N |

effective means of recognizing and organizing relevant infor-f '-,"
h Lo ) B . ] . 3 . ‘ ~‘: -
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where such tests have been employed. ‘ X .‘ ' ", Z" . _»:,L. f ‘ L7
| Nagy and Griffiths (1979), in a critical review, condemn the"- | o
A majority of training studies not only for their failing to test ‘for

N retention and transfer, but also for their methodological inadequacies.
Only ‘three-of the studies reviewed by these authors were considered o
acceptable with respect to the reliability of the evidence they provided "'_ "'-'I‘ -
relating to the teaching of formal concepts and principles to concrete— ” o

operational students,_and the results of these were in disagreement.

The studies included in the present review were - selected on the ) o ' v

P

basis of analyses by others and a preliminary examination of actual

.research reports. Only those studies considered reasonably well con-
ducted and relevant to the present study will be reported. ‘However,

~
S~

before commencing the review, armchair suggestions concerning the

Ce teaching of formal science concepts in an ordinary classroom setting

. will be presented. ‘Most of these suggestions have been applied in the ': % | L
studies included in the review. ) ' v | ‘
Lawson and Blske (1976) suggest that what 18 needed for concrete—”
operational students to trsnscend their concrete mode of thinking is
interaction with carefully designed and sequenced concrete exemplars'of
the formal-operational notions to- be taught. In interacting with these T

.concrete exemplars, the authors suggest that the students be provoked

tovreflect upon their concrete experiences. This reflection should- be

:‘aimed ‘at’ promoting a meaningful understanding of the underlying concepts. :”

1

>Only when a. sufficient number of concrete exemplars are used for a
particular formal notion. they say, will this "reflective abstraction

.

occur. . o "‘x S , \,1“’ K ‘55 | o
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Ausubel (1963) recommsnds concrete-empirical experiences as an
:effective means of teaching concrete-bound students .an understanding of.
co -.'propositions that are basidiﬁgy formal He suggests. that models,

A

employed as concrete-empirical props, are ugeful in teaching the theore- N

. / A v\" U tical concepts underlying these propositions.‘ Primarily, these models :
/ -vf ot ',‘provide for a semi-abstract or intuitive type of learning which o Ah IR

. S ‘according to Ausubel,~may serve as a basis for:nore in-depth learni;g. L
) i later when the student has advanced to a desirable level of readiness. T
Herron (1975), even though he believes that concrete-operational

students cannot acquire -a complete understanding of formal concepts,'
suggests that appropriate instruction will promote meaningful learning
of theoretical science content as opposed to the’ rote learning that is..

.,‘presently =13 widespread. He contends that we can teach them surrogate'

"concepts through extensive concrete experiences based on vigual or

concrete‘props such as models, According to Herron, these concepts,

'*é ‘ ";'P.n' ' which serve as substitutes forlreal concepts, will assist students

:.sufficiently in dealing with most of the problems posed in ‘class.

3

Further, the possession of a surrogate ‘concept will make it easier

v '

',,for later development of’ the real concept. ‘In accordance‘with Lawson‘. A

"'and ‘Blake (1976). Herron proposes that a variety of experiences nay be g "‘,;
Unecessary in the development of the',surrogate concept. . He also agrees
'vith Ausubel (l96§5,in explaining that the student develops'an‘intuitive,'

grasp ot the abstract concept basea on the appropriate experiences.‘and‘.

uses this learningslater to develop a more advanced understanding of

' o . . N - . ' ‘ R
; . . ) . .

abstract:phenomenaa - i .

e S

!—_--".. a _ _ ) )

T - . c e PR PR
N B ' (g T 0



. / ™
. .
. P t
o . . v
3

37
In a'revieﬁ of'Piagetian related'studies, Chiappetta (l976)‘argues

. that teaching, content, and assessment should match the concrete level
.

.

of intellectual development of the majority of students and emphasize

°

" real objects and events on a first—hand basis. Strauss (1972), howaver,

specifies a certain 1eve1 above the. student s intellectual structure at

‘ which the presentation of informstion is most effective both for intel—

. .lectual development‘and 1earning. Shayer (1973), on the other hand

helieves'that no approach-will he'effective and that we should eliminate; h

instruction in formal content altogether. at the school level.

Thus,~'
suggestions concerning ‘the teaching of formal subject matter are varied
Although studies relating to these suggestions also vary, they ‘are -
generally concerned with investigating possible methods of effectively

a

teaching theoretical notions to: concrete—bound students.
jﬁ.The remainder of this review is arranged in’ chronological order.. " v

The first study considered Was‘conducted by Sheehan (1970)1to investigate

e the effectiveness of concrete and formal instructional procedures with :

‘ concrete and formal—operational students; A random sample of 104 .

' students, ranging in age from 12 years, 6 months to 13 years, 5 months,
o ‘was selected to participate in the study. The subjects were classified
. .

1

as concrete or formhl according to tests developed by Longeot to ~measure

,level of intellectual development. Instructionsl procedures vere based,‘ . g'

. on: the reasoning characteristics distinctive of each stage. Concrete

T instruction included real concrete material and/or events used in situ—

ations involving'consideration of'one variable at a time, non-hypothe-

‘tical statements and non—deductive reasoning. Formal instruction, on

: the other hand included propositions snd hypothetical statements,

.;;1 '



.8 review mentioned earlier.._

vided with written material as well as apparatus to manipulate. The v

P

7

kdeductive reasoning and a consideration of all possible variables. " The

\

ﬁeffects of these instructional procedures were determined by adminis-'g/. '

Je

v'tering a pre-test, post—test and post—post-test. These tests‘measured
-;the students nderstanding of equilibrium in the balance bar, of angles'
"of incidence and reflection, ‘and of the oscillation of ‘a pendulum.

}Based on an analysis of the scores on these tests, Sheéhan arrived at‘

. four 8eneral concluaions.

1. 1Formal-operational students showed greater achievement ,
~ than concrete-operational students regardless of whether
.’ the instruction is presented through a concrete or
t formal mode.‘. 4

- . . L)
2;.“Concrete instruction was more’ effective than formal
" instruction with .ither concrete—operational or
o formal—operational students.. \ '

3 Achievement was more . durable for\the formal-operational
" . students than for the concrete—operational students
with elther the concrete or formal instruction. . . w

4, Formal—operational students maintained post—test scores' S

“on test items designed to investigate the ability to
“generalize. .

’

The next two' studies vere analyzed by Nagy and Griffiths (1979) in

"
ot

In a relatively long training program. Case and Fry (1973) attempted -
'to train a group of Btudents to control variables by having them design
controlled experiments and criticize experiments that were poorly con-"
. trolled._ The subjects consisted of 15 low socio-economic 14—year—old

"high school students who had not reached Piaget 8 formal stage on the =

controlling of variables task, The instructional program involved 12

"{training sessions, each of 40 minutes duration. The subjects were pro— :

J

.written material involved presepting the students with a “fact-expla-
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'-.natiOn which would account'for the facts in an equally acceptable way.

b ,‘ Following these written exercises, they were provided with apparatus.
.snd asked to design experiments solthat;no counter explanation would be
:APossihle. In.addition,'the.subjecta uere.aaked to:criticize written . T-

r‘vexperimental reports hy{constructinglalternative'explahations'for'the .

'.‘results:described On a non—standardized paper and pencil poat—test

; .inxolving controlling variables and criticizing experiments, the exper—

" 'iliimental group did significantly better (p < 001) than the matched con~

;‘trol-group. The authors were cautious with respect to the interpre— 3':
tation of the: results obtained but’they suggest that the results map'
'.offer some guidance with respect to. an appropriate instructional | :ﬁﬁ
"approach in a similar setting. However, Nagy and Griffiths (1979) B
criticized the study-onlseyeral grounds. AFirst; it was‘severely critif7
ciced'because of inadequate design'and failure to test for retention.'
. and transfer.' Further, the study'was considered inadequate because of )
its small sample size, the creation of the control group through
l'matching, and an experimental treatment involving giving the. experimental
.'group a sample exam. a |
‘ Bredderman (1973) also studied the effects of training on ability
"dto control variables. Twenty-six fifth and sixth graders who. were not
able to control variables on a pre-test were selected for the study.
. The subjects were divided into three groups.‘ One group eerved as the
.control and did not receive any training.: The second group was trained
on' the controlling variables task using—external reinforcement. The

\

third group was trained on. the same task using cognitive conflict. On'

v
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RS nation' argument and requested the studenta to suggest a counter expla- .h,t;_
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. cepte. His sample consisted of 102 college students enrolled in g,

5
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a post—test. the experimental groups scored slightly higher than the -

; control. However, on a retention test one month later there was no . -
' significant difference in the scores, although the mean scores of the

control group and the expetimental groups were significantly greater on

the retention test than on the pre-test. The author interprets this

result as supportive of - Smedslund's finding that behavioral. changes afe';

- Tiot necessarily dependent on external reinforcement..‘The test acores’

_,were'further analyaed to determine*the'students'-level of-intellectual :

'

'development. On the basis of this analysis, students were determined

' 5 to have progressed considerably during the course of the atudy. Half .

|
)

- of the students age 11.8 years were found to have progressed from late

concrete ‘and early formal in their ability to control variables to early

formal and late ﬁormal.‘ It was noted that this level was: reached by

Piaget 8 subjects at about 14 or 15 years of age. The author concluded.‘

g L)

from this result that it is possible to raise some’ fifth and sixth grade-

studentsl level of reasoning on.the controlling variables task, while

‘ othersjare unaffected _regardless of whether the training is based om .

external reinfornement or cognitive conflict.,

~ ’

Talley (1973) had students construct models of . reactants and pro—

"y

. ducts represegted.ﬂn all chemical equations dealt with in’tlass in an

effort to promote higher cognitive learning"ofiahstract'chemistry con-

-

freshman level chemistry course. To test his hypotheses, ‘he: divided a g

Bemester 8 work into" seven units and exposed two groups to the/same

content and’ units. The experimental group received the treatments
{

(models) and the control group . received regular instruction (didactic)
o . ‘

’”

e ;.
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_Tests were given at the end of each unit. Each test consisted of - '~

sections designed to evaluate different levels of cognitive learning. ‘, -

&

The .author’ found that the experimental group performed significantly
.tbetter than the control group on all the teats. However, after the

first two units, the control group scored significantly higher than the

‘experimental group on the knowledge level,sub test items.j On other

B}

'level sub—test items (application, analysis, synthesis and evaluation),

the experimental group performed at a consiatently higher 1eve1 than .

An elementary science program referred to as Science Curriculum

-

-

Improvement Study (SCIS) haa been designed to promote logical thinking

,ability. Linn and Thier (1975) did an extensive investigation into the .,

development of logical thinking ability of fifth grade sdience students

Y

instructed in an upper-level unit (Energy Sources) of.- SCIS, involving

’

separating and’controlling variables. These students were taught via

the SCIS learning,cycle which is based upon Piaget 8 notion of equili—

bration. The instructional procedures constituting this cycle are as
o Co ' SN : Co

"follows: (a) first thé students are given'a chance to try out their Loum

‘ideas vith the apparatuﬁ'provided (b) then the students are’ exposed to

‘a strategy, and (c) eventually the students are given an opportunity to

test the strategy with new apparatua. An analysis of the thinking

ability of the students involved in the investigation showed that the

.

experimental group was much more advanced than a control group consisting

. ,

fof fifth and.eighth graders who had not studied SCIS. The reasoning

ability of the experimental grpup approacheh that of the group of grade

'eight students. Nagy and Griffiths (1979) criticize ‘thesge comparisons

v",
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L as unfait since the control groups were often ‘not involved in any ' -
‘( . ) : science at all snd, as such any activity—oriented science program might
L :""7-¢'ha_ve produced- the same results. ‘“

: McIntyre and Reed (1976) co‘ﬂducted a study to investigate the

relative effectiveness of three different types, of visual devices based _

~v . -
.- . ~

' 'on Bruner 8 modes of representation (through sctien, imagery and

“ T lsnguage) , In vtesching electrostatics to elementary school -.children. -

[

-~
Y

¢ - 8ix classes of students were randomly selected from a popu_l'ation of '19
CZ

: Qrade four asses. Three different ‘treatments were randomly .essigned

N . . . ‘e . . . . \ ' [ Lo - - ) - i
e ‘ to thtee groups'comprised of two classes eac‘n.. The .three groups were

instructed with three different visual devices for a five-week period. -
".‘ B . . A test was. deVeloped ‘as part of the study to evaluate the achievement

of each’ clas;. It was found that the different visual devices . used were

'equally effective :Ln tesching the theoretical concepts' encompassed in

'electrostatics. McIntyte and Reed conclude thst it is’ f’easiblieﬂto teech -
-basic science concepts to fourth grade students "to the extent ‘_qhere they -
that the 'ability

can com;prehend and- apply these concepts. _They suggest

; of students to function effectively with abstract concepts depends to a
large extent on the quelity of instruction.

N
o tion need not be limited to physical objects.

A8 such they say, instruc—_
Sometimes pictures and

symbols. are jus_t as effective. Novak (1976) ,“in an editorial comment,

claims that the_' work by Miltuon-Pella, Patrick .McIntyre and OtheES' §h°.ws

:.tha:t .children csn'"aciiuire .abstract con‘cebts Ivel‘lu before;they '!:each.the )
» sta'ge'\of Piaget's formsl operstions'. provide‘d that appropriste instruc—' ’
tion is 'offered and evalustion is ..relsted-.vto'_thst-ihstruction.

© e ] - ' ' '
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' whether ‘or not abstract concepts should be taught before the development g

- of fomal operations, severely cri.ticize the McIntyre-—Reed article with

_nesses in these areas, the research does not show that abstract content

: 'authority L ' D ’ S oo

' level of reasoning be promoted in the particular area of concern so that

. Ina more recent ‘and better attempt, Howe and Mierz‘:}s '(1977) conducted

: _,_W.as ‘to datermine whether. the level of reaso.ning‘of 8. group of l_ow socio-

‘Ieconom_ic etstus“high,school students, as indicated by"a'tasvk_qn; con~ ,"“‘:

PP PO ; e e - P 4 . Vo e e e [N

Lawson and Karplus (1977), in a paper discuss:(,ng the question of

1

-“'respect to. the operational level of the achievement test intellectual
'development test, .and the reasoning 1eve1 of the. instructional approach

' ‘ employed in their research. They argue that because of serious weak— “: " -

: o
o

can be taught tono’n—formal—operational studentsa They claiin that

's'tudents who ‘are not. formal-operational willl“.not develop a 'meaningf'uL"" '

understanding of theoretical concepts and principles.. They strongly

~assert that "without the development of formal operations that include

.probabilistic reasoning, combinatorial r‘easoning and correlational‘

reasoning, ‘students can only accept statements about theoretical con—

’

'. ‘cepts as faéts which to them must appear to have’ been asserted by S

-~

If non-fomal—operational studen.ts are not able to develop a mean-—

ingful understanding of abstract concepts Aand principles, can their

they are able to cope? As previously mentioned this question has been

investigated by a number of training studies but because of their weak— '

: nesses, the evidence they provide is rather unre ble and 1nconc1usive.

- *

‘ 'research to investigate this possibility. The purpose of the research

trolling va_ryiables, could be increased by hvseries of lessons under

P
.
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'-ordinary. classroon'conditions. The sample for the study consisted of

.62 subjects, comprising three heterogeneous classes, with an average ~' -

age of 13.3 years. The instructional procedure emphasized oonceptually

based clasaroom instruction with cognitive conflict: as the major .

teaching strategy. Three dif ferent forms-of the controlling variables .

task were employed as the pre—test, post-test and the reoention test,
The autlm's found that: the ins tructional approach used significantly
increased the 1evel of ressoning of disadvantaged urban eighth grade ‘
students on the controlling varia'bles task and that the ability ‘was
retained over a six—week period. The’ researchers do not claim to have -
promoted students to another stage of’ intellectual development. They |

inferpret'the results a8 showing that student performance improved .w\

R

substs.ntially on the controlling variable,s task as a result of the

instructional approach emphasizing the principle of controlling vari-
i

ables and using cognitive conflict as a teaching strategy.- '
[}

‘ Goddstein and Howe (1978) investigated the effect of teaching a
i I

formal-operational concept (stoichiometry) to a sample of high school
chemistry’studencs by using concrete exemplars and models ‘of atoms and
. molecules. '.l\vo fntact ‘classes were designated as experimental groups
and g;.ven the concrete treatmentvwhile two. ~other classes,— who vere not .
taug’nt through concrete exenrplars and models,l served as controls. At
the end of the instructional period, two questions were included. in the _‘A

usual unit test to deternine quslitstive understanding of stoichiometry.

The scores on’ the test were analyzed by means of the chi—square statistic.

]

. The analysis showed that" only’ﬁhe) upper-formal Ievel students benefited -

from the concrete-'based instruction. It was also found that, in the

RV

K
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.l experimental group, atudents at the higher developmental atage achieved 4

N Ll /

a higher level of understanding.» However, there was “rio discernible ' ' '

. e . relationship between level: of :}gﬁ:ellectual development and level of . L
understanding detected' in the control group. ~ On the basis of these A /.
~ results, the researchers cbncluded that T T o Iy / T

Ve e the study supports the use of doncrete exemplars in oo
, . } - the teaching of stoichiometry to formal—operational - I '
~ S ‘_ A “‘students but leaves open the ‘question of how 'to’ iniprove .
o Tew o 77 {nstruction in this topic for the concrete-operational . . | / ' e
Sy " . . thinkers who make up ‘a large portion of the student’ body. T L
st S8 wie . Confirmation and generalization of our findings must awaif A S
- " . . -replication of this study as well as further research on R
s " the use of concrete exemplars for other topics in intro— T
T ductory chemistry. o : - o iy o /

'. Cantu and Herron (1978) investigated the use of exemplars for other '

. topica in chemistry. ‘In their. approach they employed the concept
. &

4 o L . analyais technique to detennine the critical and varia‘ble attributes of

| the concepts to be taught. "In teaching these concepts, they uaed S B \ :
» N . ' . ) 4‘ : " . * .

A [l ) E .
- ' R ’examples and non-examples to illustrate the critical and variable attri- :

butes of concrete concepts, and pseudo—examplea and non-pseudo-examples '

-to focus attention on the attributes of the abstract- concepts , Thus a
-

relatively concrete approach was applied with both 1evels of ;:oncepts. ,

AT S . . A .

Twelve concrete—operational and 16 formal-operational sfudents ,:' e

A L o participated in the study. The subjecté vere randomly selec’ted from 8 '

population of 137 high school chemistry students (mean age f 16. 25 \1'

years) enrolled in a high school with a population of 800. tudents. j , L - B

These subjects were taught concrete and formal concEpts over a six—week .
petiod. They were post—tented at the end of each 12—1nin te 1esson
.. (one lesson on each concept per week) and. were g:lven a thention test '. . ' . o

. three weeks following ‘the end of instruction. The auth{)rs conc.luded

. ., el a RN
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. concrete students, no matter what the level of the concepta, (b) even

46

~
[}

','that (a) one’ ahould expect: greater achievement from formal etudents thnn

though formal etudenta perform at a higher: level thaid concrete students

: on concepta at . each 1eve1. concrete studentn perform satisfactorily on- - 5

“concrete concepts' (c) the use of pseudo—examplee to illustrate critical

A N

,attributes enhances the achievement of - formnl concepts no matter what

" the level of cognitive development and (d) based on the information S )

available, no instructional approach will close the gap in achievement

,..between concrete and formal students. Since this is the caee and since

!
many concepts in science are formal, Cantu and Herron assert thet ve’

should‘etrive for-i\._@truction that promotes the develop_uient of formal

reasoning. T L o : _ Cm

' Summary:

"o

In cummary of the atudiee reviewed in. the preaent chapter , it

. appears that: (1) content analyses of junior high school coursee show -

o that they are highly formal; (2) the categorization of junior high

. school students indicates that: the maj ority are concrete, (3) empirical

formal-operational science content in 8 concrete-operational manner.

evidence indica.tes that there is a relationship between intellectual

developmental level and ach,ievement in science‘ -and (4) empirical

. -

evidence concerning t:he effectiveneee of teaching formal ecienee subject:

'

‘matter to concrete—operational- studente 18 scarce and 1nconcluaive.

Some of the atudiea which have been Buccessful in thia endeavor uBed

.l

models s concrete propa in conjmction with an appropriatp inatructional

strategy. This study further inveatigates the use of modela :!.n teaching o




‘' «The methodology employed to investigate thig:instructional approach is -
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Chapter 3 . E
DESIGN, insrmmam-rma AND I?(OCEDURE

Ths selection of the school and subjects for the study occurred.
long before the actual experiment "co nced.; 'I'his was necessary in .
‘,‘order that the participating teache;a might be contacted for information

concerning the - topica they planned/ to teach and the approximate datea S

©

this subject matter would be ta;xght. Once this information had, become

available, a decision was made/, in cooperation with the teachers

. involved as to which conte/nt would be included i lthe e:tperiment,

IFollowing this decision, the major concepts comprising the two - topics
/

chosen weré analyzed and clasaified a8 concrete or formal Some of the -

for . concepts from both subject ‘areas involved/ were selected, their
' /

g ;variable and critical attributes (Herron ‘et al,‘ 1977) determined and a -

'physical model constructe for each concept based upon these attributes.

An instructional strategy designed to provoke the students to think

about their manipulation of\‘ tEE\apparatus, was employed in teaching §he

I .
: ~concepts to ,the experimental classes, : .

‘ Four intact classes of heterogeneonsly grouped eighth-grade -

" students, wha would study the content in the two areas selectegl, vere
. . s S L . o | . . 3

chosen as subjects for the study. ™™o teachers cooper'sted by instructiné -

two claases ‘each in the subject areas selected, ufing a. relatively

concrete instructional approach with the experimental class and a.more “
formal approach with the control, class. . Both teachere participating in

the stuly covered the same two areas _of subject ma{tter but at different !




'l \ ’ 'times. | They began with two different units and exchanged at. approxi-‘

' \ mately half—way through the experiment. K T

l \‘_ .. . Also, at about midwsy through the experiment, - bst‘tery' ’o.f‘ fiir,el
neo-Pisgetian tasks was administered in group - Eorm. :' The snbjectsf o '

T : e ' 4 'v.’

‘written responses to these tasks were scored and the subjects "cl'as,sified_‘

,into levels of intellectual development according to their sl_eores.':

‘-Details of this classification are given in Appendix B. ‘" ' - S o~
' Two achievement tests vere developed in order to evaluate under— -
. ; b \ L
e e standing of the formal—operationsl concepts from the respective su.bject { . \\ g

. . .aress taught during the study. At the end ofvthe first and second 'phase
-}of ‘the experiment, eaoh teacher administered “the relevant test to both
- experimental and control clssses. ‘Scores’ on these instruments were used ‘
'to test “the hypotheses stated in the first chapter. The statistical

' ‘.technique used to analyze the scores is described in. the final section

. L4 . 1
v .

o of(this -chspter.'

-,

" Population end” Semple

A junior high school was selected from the city of St. John 8 for
'involvement in the study.. A total of 161 subjects, .comprised of four I B _
classes of eighth-grsde science students, and two eighth-grade science
r‘ o .' B teschers were chosen from this school to. participate in the experiment.

' ,Becsuse of the naturalistic approach of the study, these classes remained B ’ ;'-'
intsct during the entire experiment. : Since .the researcher could not | 1
'...:identify any major confounding factors, the ssmple for the study might o

‘be. considered representative of a population consisting of all eighth— col X T

‘g_rsde science clessee from junior high schools dn. general... :

b

!
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‘.'certain degree\ of control might be exercis_ed over the possible inter-

. occur in the text. o}

50

There vere two major reasons for making the above selections..

: .I g Firstly, grade eight sclence students were chosen because of their

.expected level of intellectual development (large number expected to be ‘

concrete—operational), and the nature of the. concepts constituting their

. ‘.'program of studies (large number expected to be’ formal). Secondly, two

science teschers and two- science subject areas wére selected 80 that a-

action between: subject area and teacher,ls.nd between instructional
N . . i ‘ .

treatment and teacher. The achievement of such control:should emhance

the geﬁersl‘ieehility of the study.

N

Classification of Concepts

e

Two ‘units of a junior high school science program formed the .content

‘ _}used in the’ study. Entitled "How Green Pla.nte Meke Food" (pp. 177—208)
'»'snd "The Nature of Soun/d" (pp. 209- 240), these two units constituted
o . ‘the’ final portion of a grade eight science program based on Eg_cp_loring

: Science by 'I'hurber and Kilburn (1971).l The concepts included in each ’

of these \mits were isolated and classified accordi.ng to criteris .

. developed by Lawson and Renner (1975) and Karplus (1977). In the

following analyses, the concepts are presented in the same order as they

~

The classification of tk§ concepts from the unit entitled “How

’ Green Plants MERe*Foed‘ are r presented in Table 1.

_ The large number of concepts categorized as formal support the '

‘.'conclusion of others who heve analyzed the. conceptual level of junior

. high school science content. . The results of similar procedures employed

o

with the unit éntitled "The Nature of Sound" are reported in Table 2.

i

-f\i
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S o " S Tablel

Classification of Concepts Included in the "Plant" Unit, :
According to Developmentaf Level

Concept” '. °* Classification . ce Criteria
- Cell A ‘ .' Concrete. Siixl'ce. the pi‘ogram emphasized structure.
« ST e « = -over -function, the concept may be C

acquired by observing cells directly
‘through the microscope. The funct ion
,of cells and cellular parts » however,

s not ditectly observable and there-

fore would not be considered concrete."

- Diffusion .- Formal - ‘Since’ the program develops this process
e o - . in texrms of molecular theory, it has
R R . .- nodireetly observable attributes, and

v [P X therefore claseified as - formal.

i Osmo'a\isf SR Formal - -, Oemoa:l.s is treated as a specific . form

of diffusion involv:l.ng water ‘molecules;.

8 . . " ‘Since. it is defined in terms of the -
Y S R .abstract process of- dif\fuaion, it is
o ‘ ‘ ‘ : also categorized as formal.
o Digesti'ori" (based.. TFormal Digestion is discussed in terms of o
. . on enzyme action) - . - . enzyme action vhich 1s an abstract .
I n R ‘process since it does not have any © .-
directly observable. properties nor a.
basis in familiar actions or events.
* As such, digestion 1is classified as
-formal. . . e :

 Circulition ~ . Concrete This 48 a concrete process in that
R : students are able to directly obsexve -
the movement of liquid in plants. pro-
.. viding experimental arrangements are

T of elrculation, however, is formal™
o K since it is only accessible through
o . “mentai visua.lization rather than direct
. L .-"'_" T e ,observation. .

S e e e yes - o mmmrem e

appropriate, and are able.to observe
SR R . N - . the structures involved in .this move- . -
Voo o o T -+ "ment through the microscope. The, -clause

© e S CC -- . .contiﬁﬁEd'-

".m“:i.;“A~— - _ '; -4:". ..' - . .
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Corcept -

. Classification .

Cr.iter'ia ] o

. Leaves

; ‘Transpiration
f : o

-

.- Photosynthesis - . .Formal -

Distribut ion

Formal
(of food) o

Cooc:jr_eté

“for direct observation.

" “Formal -

7

Since the emphasis is on structufe,‘- an’

‘understanding msy be developed through
"direct obserwvation.or via the micro-
" scope.

The Eunction of the leaf and
its parts, on the other hamd, requires

" a higher level of mental operation

- because neither. the operation of each .
part and the relationship between these

. varlous, operations, nor the general L

functioning of the leaf, is avallable
Also, like ‘
other formal concepts, an understanding

of leaf funetions cannot be developed
,,through familiat actions or events.

ra

'. Since: transpiration is not directly .
’observable, nor comprehénsible through -

fariliar experiences, understanding of

- the process requires a level of méntal
.. functioning classified as formal-opera- .
‘ '-tional

In order to understand photosynthesia,

*.the ‘student must comprehend -and relate "= : -
© the raw materials, the relevant plant ° -
. structures and functions, and the by— .
" . 'products involved in the process. -

- mental exercise requires a level of

“functioning’ characteristic of fcrmal

. operational thotght, because a combi-

-‘nation of operat

This

nsg. ia invo lved

"To ,develop an. underatanding of the .
*_distribution of food, the student - must -
comprehend and relate the by-products . °

of photosynthesis and the various plant e

: atructurea and functions involved in 4
. the process..

‘Since a second order
operatdion is involved the concept: is

classified as formal.

DR »'"“_ B X TNV
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' o Table 2
Classification of Concepts Included in t:he "Sound" Unit, oy
¢ - According to Developmental Level =~ . | e e
Comcept . - Classification o lCriteria
'".‘S'omo (maj or. o Folrm—éli‘-'u " Sound is developed in terms of mole— =
" concept) VRS <+ cular t‘heory. Its t;ranemission through
: e K EEP ~ the air ds described as a train of high
T PR : - . 7 7. - (wlecules compressed).and low (mole-— _
- o e Co VTR .. - cules dispersed)’ pressure zZones. S:ane'
L L A S R ‘this comstitutes a.rather abstract’
S IR description, somd is classified as,

- formal. o

.-Coxixpreeeiorx'w.aves "< Formal '~ This concept is defined as a s'u-ccee'sil.on”

of high pressure zones (air’ particles
. . i closer together than mnoimal) that trave‘l. .
! .. outward: from its source in all direc— M- '
W . .. tions. Sinée this definition is based’
: e .on the molecular theory, the concept is
SR °. Lo categorized as formal .
"+ Rarefaction ‘waves’ .. Formal Rarefactdion waves are defined as a’. . L
LT e T '~ . succesgfon of low pressiure zomes (alxr = =~ -
S T ".°*.. . . .particles less demse than normal) that" o
7R T P C ~:- 77 -travel outward from a sdurce in all P o
' S . .07+ -+, directions. Idke the previous concept, )
IR LT . this concept can only be specified in | oy
‘ o L o “ terms of.other  concepts, abstract' pro— -
R T AI L R R perties and theoretical entities, and -
T . RN L N ".. . _.. therefore requires formal-operational -/
) , e A o t:hought for an tmderstanding. - L.
3 Echo, .. -+ .. Formal ; _Anecho 1is defined as.a reflected sound. E
o B . . ‘ .7 » 7 “wave. -Since this concept cannot be S
b e . . defineq "in terma of direct observat:l.ona
S R . “but only in terms of, other formal con—
' ‘} L Lo . ... cepts amnd properties, it 18 referred. to - :
DU ' .. .as formal. ' ke
. . - . ’ “ .
_ "_Sot'q:\c'l"-' graph - - Formal. 'Percei.v:(.ng the relnt:lonahip between the , S ! 2
A | . formal concept, sound wave, and its . - N by
L . . B reprelent:ation in graphical form requires i
. - mental operations characteristic of T F
- AT ‘foml reason:lng patterns.. ;- e 2
. S N . . t L5
e scontinued . I
/ o ‘f\ ‘ . oL 1 .
/ - ¢
/: ' } iy
! o : AR S - ; "1.%.1‘_
R B . v re N L . - . ' oo . t LS
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-

L Ffequenc}' :

~ Pitch. E

| Table i (continued). - . i v v

A}.'Cbng'e;;t" L Claﬁss;l.fﬂ:.a,t;'lén ‘

]

'Cr‘ité:'ia- Lo "‘f‘/,

~yibratdon

.o

. fSound amplif:l.ca-:
. tiom (via: "sound- -
. .ing board") .

.-

" Resomance

Formal

Formal -
oo : ‘which an. object vibrates. Since it is
: presented in terms and is a functional -
. relationship of the formal concept of
vibration, it is claaa:l.fied as formsl.

Formal °

Fornal .|

Formal -

- /

.,Vib‘ration ig def:lned in tems of. the
_effect of _a rapidly moving object on'/,
alr particles. This effect is des-.

.- exibed as responsible for the produc—

tion of sound. Thus, vibration 1is. '

developed through the use of the
abstract concepts of energy and mole-
cule, and . the abstract propett:l.es of

.~ molecular niot:l.on. As such, it :l.s
I claasified aa ﬁormal o ,[- ‘

Frequency is described aa‘ the rate at

- Pitch 18 used to~ indica.te how sounda

of different frequencies affect our.
‘ears. ' Because it is defined in terms -

- 6f the formal concept.of frequency, it
I '_is alao clasaified a8 fomal._

-

' ‘,This concept is developed through dis— .
. cussions &f the.sounding board and its ..
 effect on the surrounding air parti- o
. cles.. .An understanding tequires the

a.pplication of the ebstract concepts

. and properties 4rivolved in sound pro~~ .
duction. Therefore,.sound amplifica— o
~tion is classified as a fomal .concept.

* This concept is defined .in terms of
" . the reflection .of sound.vaves. To
.+ ‘understand it, one must apply other
abstract properties of sound.4 As auch

the. concept is fomal.

L RN
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The final section of the "Sound" unit deals with: the applicat:x.on

) .,'of the above . concepta to the development of an underatandi.ng of the

o

n functioning of ‘musical instrumenta. This applicati.on implies a full

understanding of the formal significance of the concepts previously
classifi.ed. Thus, the statement: by Thurber and Kilburn (1971)- that "the
idea of scund waves is abstract is very much supported by the present '

»

Z c‘la'ssiﬁication'.sc‘:hehe.

Because of the limited duration of the experiment, only certain

: Iformal concepts ‘were selected Erom’ each unit. Erom the "Pla.nt" imit,

‘ these were the concepts “of diffuaion, osmosis and digestion (bq,sed on ’

:concepts, more of .

of the experiment. These concepts included ?:he following. sound

enzyme action). .Since the "Sound" un:l.t cona:l.sted primarily of formal

v

m were available for instruction during the, course =

i :

DR
"' '

- compression waves, rarefaction waves, echoes,. shock ‘'waves and sound ‘. o g

- graphs. .

-’b'ased on cc'ncrete'-activities iixvoi\;ing mdels. -Thi.s icatructional ‘ . oo
' (1963) and supported by empi:r:l.cal evidence in research reports by ’Ialley

- ’(1973) and Cantu and Herron (1978) v Since a meaningful understand:lng

exmnples were used as concrete exemplara to focus the etudents attention

oq critical agspects of these concepta. The formal definition of each

- - Instruction

. . CE . i : ) ) ".' : i A‘ . .- ) ‘3 X v : .
Instruction of the formal concepts in the. experimental classes was .-
. . . L - - . ; o . '

technique was pattemed after suggestions by Herron (1975) and Ausubel R . - .

v

of the formal concepts identified in the conceptual analysis could not

be illustrated by’ directly observable examples and non—examples, pseudo—

. -~
- Y . £ T

§
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: concept, as, specified in the text, guided the development of the appro-
Y .
L : - priate pseudo—examples or models. These pseudo—examples were intended - .
o : ;
c-' . o to be employed just as examples end non-examples m.ight be used in the
e teaching of concrete concepts. ’ T , R
N ‘The models developed, and. the necessary instruction for their T e
1 appropriate implementation in the; classroom. were provided to each
- % °
; teacher 'prior to “the introduction of the concepte concerned. ‘When the
1 ‘ - L
: g concepts were due to be taught, the models and the accompanying activity' b
sheets were. introduced to -the class by the regular teacher who conducted : \
o I ' the class according to suggestions received during briefing sessions -
’ . SRR with the researcher. C b o . 7
. S In most instances, groups of four or five students vere provided o
by . : v '
with physical modcls ‘to maq,ipulate. In addition, simple concrete s
‘ instructions vere provided on related activity aheets. These instruc-
tions were designed to guide the students through their manipulation of g
: n‘v. £ -“ - the models B0 as’ to develop a. meaningful understanding of the underlying

concepts.“ 'The quéstions included on the act:ivity sheets were aimed at ,- _.".,i‘ |

enticing the students tq focus their thinking on important aspects og

P TIS ..

0

-

the models. It"was hoped that through*such questioning the students
- would use the nodels to explain observable phenomna and acquire the B

s - fomal-operational‘ concepts represented by —th. . Thenodels. then. vere ) I ‘ ‘

T
- PP ) by e D
SN .

C ,> .- - 'used to connect the students observations of phenomena and the abstrect

: ' S ,' explanations relating to tlrem p _ ‘i . -': S “.;" .
; IR '_-". ’ _{ A Teacher /1ggestions vere ptovided in accordance with the emphasis :
- L 3 N T, B ) Cee e L4 ; ‘. 3 1 'frv
E ‘/‘('T““ S 1 of thueetions included in the activity aheets._' As such the teachera o
A K R . / N ‘ ) ‘ ;.‘::.
¥ were éncouraged to ask:- and anawe_r, .quesltions ‘that .would provoke the L 4
- ; —l’ . o Y
\‘\, | R .l .". " . o '. . i :'?:
o . .i‘ e " 'P:.‘. - —_— P ' 1— " '
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students ‘to think about their experiences with the models, a process

considered essential if the models were to be effective in developing //

- o e

the concepts.they represented. ,ln some cases;.in addition ‘to student:,\'

- nanipulations, the teachers were provided withiapgarstus.to demonstrste‘

‘certain aspects of particular eoncepts. o C ¥
\ s ! .
The control:group received regular instruction in both levels of .

' :concepts included in both units. “The concep@s whether concrete or

o

formal, were taught primarily in the usual expository manner, involving }

"cookbook" type laboratory sessions: inaconjunction with ¢lassroom ;

discussions and lecture. ° ) . N o : e

-4 .

- Operational Procedures

' ‘ A
One unit was selected from each of two "science discipline areaa

(biology and physics) studied at the grade eight level. 'These two units“

=

constituted the subject ‘matter of a two—part experiment extending over

approximately a two-month period. Each part was of about equsl duration.

4
-

As indicated earlier, the experiment involved two teachers and four
\ -~y ¥

\ . ¢

classes of students. In the first part, each teacher wms responsible
for instructing two of- the claases in one of the units. One teacher
taught the sound unit, and the other teacher the plant unit over the o

& ame time period. For -each teacher. one class-was designated as the

’experimental group while the other served ag the control (see Figure 1).

The control group was expoaed to regular instruction sccor?ing to the

program prescribed for grade eight science while the experimental group

®

received a modified forq of instruction baaed on activities developed IR

by the resaarcher.- This group received a more concrete form of instruc-s

. N , , . . ) oo .
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tion'than‘the control group. In as much as possible, both the exﬁeri- S ‘;Ji
. . . . MR \.,r.
. mental and control groups covered ‘the same ‘content’ and progressed at R

approximetely ‘the same rate. An achievement test for each unit was . .0 . &
!
!

administered to. the relevant groups by the classroom teachers about a "
’ A N
* \( . .

week ‘after the completion of the first part. Following the administra— ! : -

'h tion of these tests, a test to determine developmental level was admin-

»

istered by the" researcher (see Figure 1) T . LT s .‘,.

The same procedures were. fUllowed during the second part except

that the teachers exchanged units and interchanged the classes desig—
. nated as the experimental ‘and’ control (aee Figure 2) Since there was T

- no change in the instructional content. the instructional materials andA

y e o~ ~ ,

4 achievement tests developed during the first part were also used in tHh

second psrt ! The cross-overs were introduced to, control for interaction'

L}

between teacher and subject matter. and between -group and treatment.

. -~

-,*; : In summary,—the study was conducted in a naturalistic setting snd '

every effort wag made not to interfere with regu1ar classroom proceed—
!’.
ings except in the provision of the experimental materiala. The students

were not sware that they were invoived in an experiment. Hopefully,
the only difference introduced by the experiment, apart from the sdminr .

istration of tests, was the concrete treatment.
N 'o,'
b A Lo
° . .. JInstruments
Lo "\) : - T : * ” - . .
Three tests were produced as part of the study. Two of these .tests
lwere'deueloped to measure achievement in the two subject areas involved";'

. . ’. . . N PEENY

A DR _ 4
s o in the‘study. The other test 'was designed to determine level of intel-

lectual developnmnt of the subjects participating in the study.\ These
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o ’ f‘Note.
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. tests are described'invthe‘subsections'which follow:yf(

’.'Test of Developmental Level -

A paper-and—pencil test consisting of five modified Piagetian tasks '

.. was used to determine the level of intellectual development of the

- —--e‘-...i.u._.‘._i___4_’ 2

students involved in the study. The tasks used in the test: were adapted; -

-versions of the following. conservation of area task (Goldschmid, 1967),

conservation of volume task (Karplus and Lavatelli. 1969), controlling

~.'variables task (Inhelder and Piaget, 1958); ratio task (Karplus ‘and
Karplus, 1970) and a combinatorial task (Bredderman, 1974) These tasks -

‘ were used by previous»investigators, some in paper—and—pencil form, to"

.

identify intellectual developmental levels. The test and the scoring
procedures are presented in full in Appendix B.

The test was piloted at a, different school from that in which the

:'study was conducted. The major purpose of the pilot.was to identify

areas of the test requiring modification, the number of tasks that might

"be completed during a8 regular class period, and the appropriate adminis— o

trative procedures. This information was incorporated intO'the‘final

".form of the test:‘

After the necessary modification. the teat was administered by the

‘ investigator to all four classes involved in the study. Each-student-

‘e

was provided'with a test booklet and the necessary materials to perform

«the various tasks. Except for brief introductory remarks made by the

investigator, students were 3uided by the instructious and questions

LI

contained in the test booklet. Each ‘test situation lasted one 40-minute .

iclass period and occurred halfdway through the study. All subjects had '

'suffieient time to complete the items to their satisfaction.

‘

P e ol

| PO
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R Karplus, 1970, Bredderman, 19

~developmenta1 categories.~

62

The'criteria'for scoring each task were based;on.the'prsctice'ot

. previous. investigstors who'hsd-usedvthe’ssme tasks (Goldschmid,~1967;:

Karplus and Lavatelli, 1969; Inhelder and Piaget 1958. Karplus snd

H Lawson, Blake and Nordlsnd 1975,

Elkind‘ 1961) Based on proc dures employed by others, scores on each
. of the tasks were- used to categorize students into appropriate levels -
»of intellectual development (Lawson and Renner, 1974 stson, Nordland

J"and Devito, 1974 Lawson, Nordland and Kshle, 1975 stson and Wbllman,

1976 Lawson and Nordlsnd, 1977 Renner, - 1977) Full details of the

“categorization scheme employed in the study are given in Appendix B.

ra

In summary, five neo-Pisgetian tasks were selected on the basis of

the assumption that the students involved in' the study vere either
< -
concrete or formsl. These five tasks were presented ‘in writing 8o ‘that

they could be group-administered and responded to in’ writing. Scores‘ '

" on. esch task were combined, following procedures employed in other

-
.

- studies, and the students clsssified into appropriete intellectual '

"l

‘ Achievement Tests ‘

l

. Two tests were developed es pert of the study to evaluste achieve—

ment in the- two different subject areas tsught. Both tests were composed

,.solely of multiple choice items. These tests were specificslly con*'

K

‘structed to: determine the extent to. which students exhibited the ability

“ to comprehend and spply selected formsl concepts. Both instruments .

received pilot testing snd close examination by subject specislists,

sciep—e educstors, and, the teachers involved in the study. Hbdifics— -

tions were msde following feedbsck from these sources., Each test was L

(YN

B . < ¢
: : : . . o
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- the tests evaluated understanding rather than rote memorization.

;_more detail in Appendix C. P . R

Jsthe content of the item was determined to bé>novel. In this particular

ehcher about/ & week sfter the completion '

v

'of the unit concerned. This delay was i troduced to further insure that

To obtain an indication of the degree to which the two achievement

:tests evaluated comprehension and application of formsl concepts, .the
.itema comprising each test vere, classified according to Bloom s Taxonomy.'

;This classification is summarized in Tables 3 and 4, and reported in

’

All but one of the items comprising the'"Plant" test were classi—

Eied at the application level. As such, this test examined at a level

‘of understanding desirable in the present study.

Ten items from the "Sound“ test ‘were classified at the comprehen—

¢

.sion level of Bloom 8 Taxonomy and the’ remaining seven at the apzficar:

tion level. Those items classified at the comprehension level wére

gdetermined to require a level pf understanding characteristic of the

highest sublevel of this category. Thus, his test slso measured under-

.standing of. the concepts involved in instruction at the level aimed for

‘o .o

o

'_in the present study.‘~‘. : 1 Lo j ;: - W

[N
cLo

.

“considered of primary importance in deciding on: the level of each item.

.For. instance, if the student was sble to produce the correct term for '

the completion of a test item because the association between the wording

.

;of the item and a particulsr term was clearly spelled out in the text,

then the item was classified at the knowledge lsvel. On the other hand, 5

'| .

h'a similarly structured item was clsssified above the knowledge level if

1

3 .

In. the foregoing analysis, the nature of the instruction given vas

P
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Table 1,3 .

. . The Concept Examined by and the -Claas_i‘fica't:ion of Each.
o - ' "Plant" Test Item According to Bloom's Taxonomy"

. . M - . . ) ’f , ;
o0 ., .Y . . Item - . Concept .. .

N Ut Osmosis | T

- T e T v :

..0Osmosis

Bloom ‘Levgi :

N
«
fa—

Apﬁlliéatiqn

Application’

)
(3]

& W'

_ Diffusion - - Com'p‘réhehgibn
Diffusion’ Application

L T - _
Difﬁug.fon; - Appld cation
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4
.

Z.Acase, the item may require the student to translate his or her knowledgea}‘

in making a new association between a term and ita definition and as
guch, to demonstrate a higher level of learning. o f; ) ”y;

The emphasis in writing both the "Sound" ' and "Plant" tests was in,

. presenting situations mew to the students, or situations including novelh .
: elements as compared to the learning experiences previously provided to

_‘facilitate understanding of the abstract subject—matter. The test items‘
:developed involved either fictional situations with a realistic—sounding

'setting, material from other programs (simplified if conaidered neces—

sary), or a new approach to common problems. %n effort was’ made to '

:[ write the items in such s clear and" simplified form that the presentation ’

- of the item itself would not interfere with the student s ability to

7

1 As mentioned previously, since the researcher was interested in
the development ‘of, understanding ‘of the concepts taught it was decided

to produce two . achievement teets rather thsn use, the scores on the

ﬂr'teacherjmadestests'because it was auspected that the testsrdeveloped,by‘

[

" the classroom‘teachera‘measured,primnrily recall."iThe ability to recall

information previously’presented does not mean that the'student’under-‘

.

stands this material. ' The analyses included in Appendix c show that

the tescher-made tests were indeed meaauring knowledge and that the
tests developed as part of the study were measuring understanding at

the comprehension and application levels. ‘For comparisoé?purposes, '
/ , .

N -

- scores on - the teacher-made tests were ‘used in separate analyses. How-',A,

—

) ?ever, the reaults are reported as incidental since the'. tests could not .

l . ' ‘I,

‘be’ adequately statistically examined for reliability and validity

1

e e [ : ; et




A

were the tests developed as part of the study. The statistical'technique%

’ 'used to, analyze the scores on all four teats is reported in the next

+

section.

L L 5. ;'. - "Statistical Design

Because .random samplingtwas not possible,jin order to compensate-
. for. extraneoua variables, analysis of convariance was employed For this
purpose, ANOVA (Analysis of Variance), a sub—program of SPSS (Nie et al, L
1975), was used.‘ In this particular design, statistical control is |
exerted by extracting variation in the dependent variable resulting from "
) gs”the influence of the covariates.' In .making- thia extraction, the program
'first determines the separate ard combined effects of-the covariates.
o Each of the separate effects are calculated while adjustments are made

. I

for the remaining covariate. Then, before analyzing either factor or

'interaction effects, the covariate effects are combined and subtracted

o

o o from the total‘variance.” Upon completion of this phase, the analysis

"decomposes the remaining variénce according to three-sources, namely
. ’main effecta, interaction effect .and" residual . -f’ Co R v o

Analysis of the main effects/hf the factors follows the extraction -
v,

_of thé-covariate effects from the total‘variance. During the analysis
1'.of the separate effects of each- ;f the factors, adjustments are made
'fnfor thewremaining factor as well as for the effects;of’the covariates.‘
1.:;ﬁ For example, the,influence of inatructional’mode is determined whilev,,‘

N . »
]

. adjustments are made for 1evel of intellectual development and the

Y

covariate, teacher-class effect (a compound of potentially confounding

influences due to teacher, clase, and teacher—class interaction).~

. ) 4‘ o ' ' v ,"A ‘ N '. o ' . f““l.- o %

— e e 1 - - e ey St Tttt ek R s | a2t »
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the other factor, intellectual development. ka with: the covariates, :

the separate effects of the factors are combined and extracted from the .

s

variance,remaining‘after adjustments are made for the contributions‘of»
the covariatea. ‘ ‘ - o f': ' f~¢ . C L -

Finally, the analysis determines the amount of variance in the

g

dependent variable due to the interaction between the two factore.

a

" lation of“the interaction,term.' Analyzing.the-interaction between the
_ : ,. N

T _
A R oo : N o
e T factors invqlves determining which‘combinations of the various dspects

of the indepeﬂﬁent variablea have aignificant effect on the'dependent '

4 variable. Mode of inatruction was: partitioned inég two categories
(concrete’and formal instruction) and level of intellectual development

L_: ,.f- was partitioned into three categories (concrete, transitional, and .

formal thinking ability) The analyais indicatea the degree to which

concrete and formal inatruction combine with concrete, transitional and

it was expected that concrete inatruction would be more effective than

formal instruction with students at the concrete-operational’stage of -

' intellectual development. Research«reaulta from related studies indicate
ll- .
other ways in: which the varioua aspects of the independent variablea .

may interact to influence the dependent vnriable.

Finally, the contribution of the interaction term to the remaining

A
variance (after adjuatments are’ made for the preceding aourees) 18

tor

' extracted. The variance left over is referred to as residual‘variance

-

Similar adjubtments-are made during the examination of'thevinfldence-of 2

. Adjustments are made for factor and covariate effects during the calcu--‘

formal reasoning ability to affect the dependent variable. For examp1e.‘

‘orx error variance. This is variance that is unexplained in the preaent -
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e ’ . ) . The information anducontrol provided by analysis of covariance T ‘4‘1, -
", » g. : satisfies the demands inherent in the hypotheses of the study.: The‘

decomposition of the total variance according to the source of variation

! :ia a means of providing for this statistical control as well as a means‘

of revealing information pertinent to the hypotheaes.

@

B //f{i” The study involved two junior high school science teachers, four

: L
.

b ~.":_ R intact classes containing 161 grade eight science studenta, and two

tOpics from the regular program of studiea for these students. The t':‘ L i
I N

concepts conatituting the two topics were analyzed and classified as .

- concrete or formal, according to the level of reasoning required for

\ . N
their underatanding. In accordance with the hypotheaes of the study.

[

‘ only formal concepta were choaen to form the academic content of the LT
-, f._”, _ study.k These formal concepts were further analyzed to determine thedr .

L variable and critical attributes. On the baais -of these attributea,
A .

' physical modela of the concepta wete developed. In additiOn, workaheeta

were produced to-accompany the modele. This material formed the chief

o Ty .‘ ‘ . ingredienta of the instructional approach employed in the experimental :

‘classea. The control claaaes received regular instruction, which was

, ! 1.
O . .
‘I P ! . !

.determined to be more formai in the. treatment of the concepts than the :

+

approach uaed in the experimental clasaea. Tb test the differential
< effects of these two instructional approachea and, in addition, to “:.f oo ES
'control for various interaction effects, the experiment wda designed in -

: two phaaes. Dnring the first phaae. each teacher inatructed two claases’

.o . 3 . N
oS b

fi_in one of the topics.

= i

At the end of thia phaaq. the appropriate achieve— ;:*j"

o
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' 'RESULTS AND DISCUSSION L

C ,ax this chspter, the results of. the analysis of- covariance for both

, be reported and discussed. 'l'he resul‘ts involving the latter will be -
e - ' S ‘
- : ﬂiscussed at 1ength vhile those concerning the™ teacher—made tests will

SR _~ ~ " be only treated incidenta*lly. Informstion concerning the validity and -

reliability of the tedts }?aveloped as part of ?he study will be presented
prior to the reportin of the sctual snalyses.
S . ‘ " an indication 3f the content validity of the" schievemenit:l test& and an .
L estimate of the reliability of both tests as determined by Cronbsch'

¢ " : Alpha (a) Also, a discussion of the construct validity of the develop-

T . ' ', \mentsl test. is provided in the final section preceding the .analys:ls |
.!".-A. - ) report snd discussion. g . '
S ,. o Content Validity of .the Achlevenent Tests :
‘ . The‘ achievement tests -develooe'd hy-the “rese‘archer wérs ersmined~ hy
\ - .., w ) junior high teachers snd university professors to est ‘blish content |
o 3 -‘- ‘*‘validity, Esch of the tvo classroom teachers involvem study was
( :B.\ .T'provided vith‘a copy of bott‘x_ tests and asked to ‘aBsess the 'extent to
: *‘;,“.which each exsmined the conte%t taught and to make reconmendations for )
" ) mddification based on this' assessmen\t‘ lvo university professors were N
E s ‘ A.l" /' o spproached to further insure content validity ‘of the tests,’ Each agreed

‘ RS to exsmine the test items desling with content in their area of special—

|.. h L. - “ L a ag ;.“"1‘

the teacher—made tests and the tests developed as part of the study will '

This information includes
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. 'ization. Following this &rrangement. each’ professor was provided with

the appropriate test and informed as to the nature of the content and

instruction involved in the study.

these examinations weze. taken into considerstion in writing fthe final

version of each tes
<

Each item wes also examined for its power to discriminate between

o high and low achievers on the overall test. According to Noll and

. Scannell (1972) the discrimination (d) index for each’ item should not

.

be lees than 0. 25 where d - (NH. - N ) / N.«' (Mﬂ N = nu:mber ‘of students

in the top e.nd bottom 25 percent respectively, and N = 25 percent of s

the number of subjects ) ‘U?ebles 5 and 6 indicate the velues of the .

discrimination indices for each item in the "Plent" and "Sound" tests,

respectively. . :-~ v ,' o .:f B
Exeminetion of Teble 5 indicates thet ell items in. the' "Plant" test

i

\
can be: considered satisfactory. Items 1, 5, 6, 12 end 16 in the "Sound"

'

tsst do not meet the 0 25 criterion. However, further examination of

a-

'. these items indicstes thet relatively few students failed to" enswer

. 3 items 1, 6, 12 and 16 correctly (912. 962, 951. 702 correct, respec- )

" tively) while item 5 was sbnomslly difficult (only 33; correct). ‘ Hence, .
in eaﬁh the discriminstion index wss unfavourably influenced by the

degree of difficulty% the item. Therefore, no items were rejected..

- - .Relliabili-ties ‘of the’Achiev'ement-’T‘ests :.‘ f
[ N R . ERNEEE MR B : IR

..,-—»'.

Cronbach's slpha (a) was used ae en estimate of the reliability of

the two schievement tests developed as part of the study. This estimate

- of reliebility ie equivalent to Kuder-Richerdson 8. KR20 coefficient of

- : : :' . . s

72

The various reactions resulting from
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N .. Number of Correct Responses ' . . .. ) ’

Low Group

Ttem High Group, '
' " (N=33)
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» Discriminat:l.on Ipdex for Each Item’ Included'
o in the "Sound" Test : ‘
: : N=128 -
) - Numl;e':' of Corféct 'Reaponaes e
Item. . High Group Low Groupr . Discrimination Index
S (32) | eoQw32) 0
- . 1 ,°_32-_ L2 0.19 . i
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B internal consistendy., The natpire of this estimate is" that it is basic-.'

) ally the sverage of all poss ble split-hslf reliability estimetes. The-

reliability estimate of each test ‘is reported in stle 7.

In interpreting these reliability estimates, one should bear in

mind thst the estimate 1is affected by ‘the number of items included in

the test, other things being equel. ) -That is,~~the addit-ion ‘of relevant

items of a similar quality to each achievement test would increase the )

g estimates shown in Table 7. Also, the estim.ate is influepced by the -

degree of varispce in. scores on a. particular item. If the variance is.

small for instance, the eatimate will he low.’ Thus, there is 4 possi-— '

bility of an underestimation of the reliability of, the tests. '

In addition to. the tests constructed by . the researcher, data from ‘ .'

" . common teacher-msde achievement tests, one for -each unit, ‘was analyzed.-
g The results of this anslysis are also provided in the present chapter.

However no test statistics are available for these tes}s. 'I'he results, -

therefore, are considered to be suggestive but of’ limited generaliza-

bility., -

Constructl Validity of the Developmental"l"est o .

'.l'he items included in the developmental test were not novel. 4 These -

"i-fitems, with alight variation, have heen used by other investigators to

o

-'evaluste.intellectusl development.-- Exanples of their use include the

V 'following. £onservetion ot' Area 'Iask (Flavell 1973, Goldschmid 1967;v

Goldschmid and Bentler, 1968‘ Lawson, Nordlend and Kahle, 1975), Conser— '

-"vation of \(olume Task (Elkind, 1961, Karplus and I.avatelli, 1969, Bybee

'and McCormsck, 1970. Lawson and Nordland. 1977), COntrolling Va\iables

"
A
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- 19743 Ksrplus-, Ksrplus and Wollman, 1974).,.snd Combinstorisl Task

(Bredderman, 1974, Sayre and lel, 1975 Lawson snd WOllms.n. 1976,

- and 9 snd in the tables which follow ,a.re different from those recorded

more of the testing situations. PR ~ Y B

. Task (Inhelder and Piaget. 1958, Lawson and R.enner, 1974. Nordland, S .

: "Lewson and Kshle, 1974 Lawson snd Blske, 1976), Ratio Tssk (Karplus

S

and Peterson, 1970; Karplus and l(arplus, 1972 Wollmsn snd l(srplus, :

o

Griffiths and Kass, 1979) The frequent use snd refinement of these,

items supports their vhlidity..

. Analysis of Scores on "Plant" and "Sound" Tests o

_The results of the analysis of covariance on  the "Plant“ snd "Sound“ )

‘tests are represented in stles 8 and 9, respectively. Means snd TN

e e

: stsndard devistions of the test scores -for ‘the constituent groups are ,'

reported in 'I‘able 10. The number of subjects (N) reported in Tables B ' 1-': L0

. o
N

in stles 5,. 6 snd 7. ’I'his is because there were less sub:]ects included

t

. -in the anslyses than were examined by the tVo schievement‘ tests. respec— g ‘

.' .tively. This attrition was dqe to student absenteeism during one or

“_"Sound" sections. .wss negligible (p - .310 snd 788, respectively)

Effect of Instruction s "; _‘ o ;! -,'

Hypothesis one states thst there will be no: sigu.ificsnt diffsrence o

1

An schievement test ac.ores between subjects receiving concrete and ' ' B '

i}

W fornsl instruction, respectively. According to 'Tables 8 and 9. the

. " influence of instructionsl fode on achievement in both the "Plant" and i e C

H

‘.Th:ls interpretation is reinforced by the’ means of the concrete snd ’ :Q_" oo B

R formsl groups for each unit. In the "Sound" unit , the test means .arfe Y
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Table 9

o-Way ANCOVA of the Effect of Instructional Mode —

- and Intellectual Developmental Level on - S SRS

B S o . . . . o
. Main Effects e 3 . 1506.7 - 10,5 - 0,000 . . . - -

" Source of Variation ' - of

.. Achievement Scores for the "Sound" Test -
co Y Ne92

Dﬂgrees" : Me.an O ~ Significance
"~ | Square °  Ratio - - of F -
. Freedom . T : P

Instructioral mode’ T - 10.5 ‘0.1 - 0,788 |
Intéllectual develop- e = e g .
meni:al level. . 2 S 225‘9.-'5 15.7. .+ 0.000 IR }

' .-,Interaction Effect e T . S i IR

© Residwal . . 9" 1441

Instructional mode x .. = - o, S o4 :
_ Intellectual dewelop~> ..~ 2 '~ 3,9  0.0. . ° '0.973 °
- mental- levef S : e oo,

'A__Exp}ained, : o e 7632 .. 53 . . 0.000
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A ,Ina,tructiona_l Mode - " "Plant" Test © o Sound™ Test /
Concret:e (44) r o L . T
Standard deviation © 2244 13.9
U AR TE B Formal (54) »' S ‘ B S I "
. i ‘ ) , ~ Mean - . B .50.3. . . - 69.2 . \ B
e SR Standard deviation - 21.6 . o 1301 0 )
: A_l- Combined, (98) '. - : T . ' b ‘.
e © "Mean . 491 0 0 16947 o . B
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- virtually idéntical'(69.5 and 69.3," 'respective'ly): : The dif-ference

‘e

between these two groups on the ‘test for the "Plant" unit (147 8 compared

" to 50. ln) favours the formnl instruction group, but the. difference . '- . =

between these groups is quite insignificant when compared to the vari- i
o [

ation within the whole sample. Hence, the present data suggest that -

K .
the provision of concrete or formal instruction does not influence

'student achievement of formal concepts. As &uch, the results diaegree

jwith i considerable portion of the rela.ted research reported earlier ’

P

' which found concrete instruction generally more effective in developing

., an understanding of formal science subject matter than formal inetruction

(Sheehen, 1970; Talley, 1973, ,Caee and Fry, 1973 Linn and Their, 1975'

Howe and Mierzwa, 1977‘ Cantu and Herrom,’ 1978)

- However, the results agree with research by Goodetein and Howe

g1978) vho found that concrete 1nstruction, baaed on modele. /was no more '

: 'with a training study by Bredderman (1973) and’ with other studies which

have been interpreted as. not bei 4 successful. in training concrete-

.concrete instructional mode is that the students and teachers were not

".’ _‘able to adjustaeufficiently to the different approach. One of the areas' ‘-

BT 2

/

effective than regular instruction in- teaching the majority of atudents '

an tmderstanding of formal concepts. : The resulte may also be coneistent i

[3
~

’

operational etudents to achieve a meaningful understanding of formal

that . concrete instruction does not promote learning of forma.'S‘concepte

.

by concrete students, other explanetions may be posai‘ble. ‘ . ER

One explanation that nmy account for the ineffectiveness of the

N
wlfere there may have been adjus tment problems concerns the applicaticm

) . tasks. In addition to the intcrpretation that the above results indicate g

PRI T AR Y
- -

i T i i

Gt
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..I".

tions, it ves emphaeized that the concrete :l.nétruction employed with'

' ."produced different results. s | '. o .'_ .

1 dealt with in the study." It 1 possible that wit.h different Ect:l.vities
besed on differeht concrete prope a.nd teaching strategies the results

"‘_‘_' would be different. ) Thie~poseibil:l.ty, - ong with many of the others C '

of suggeetions by Herron (1975) In accordance with these recomenda--

. the experimental classes should involve considerable interaction among

&S0

" the students, ‘and. between teacher and etudent. 'J;'he primary aim of these -

‘\

o interactions was to provoke the students to. think° about. the concrete= :

'activitiee 80 that they might develop an understanding of the underlying

concepts. It is” possible that the concrete approach, being unusual for

' theee students, could have caused confusion and frustration for them. S

- ._Such a- situetion wduld certainly impede the eff,ective learni-ng of the

.

- ,formal concepts concerned. Hence, a longer tern in,te‘rve.ntion might have (R

Ce -
A

a Lt

The results may also be explained in terms of the discrepancy

between the level of intellectual development of the students (primarily

‘concrete) and the 1eve1 of the concepts (formal) - Ag’ suggested by A
:Lawson and Karplus ( 1977), it may be necessary t:o develop ,formal thinking '

) ability before students are able to acquire a meeningful understanding

- Le

of formal concepts. Agein, thia development, according to, Herron et al

Finally,' ths concrete activities themselves might have been inade— ’

. qQuate for the development of- an underetanding of the formal concepts

A

-

_suggested, si.gnifies ateas of further research relative to inetructional

e

mo‘de. . Deapite these alterna.tive explanations. the data under consid- -

a.

‘(1976) ’ |is gradual and occura over a much longer period of time than

- 'that tiaken to obtain the da.ta for thie particular study.
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.eration indicate that :l.n this cage a concrete approach for each of two

os

‘ topics was 1o more successful thsn a foi'mal approach in promoting

. 'learning of formal concepts by a sample of junior high school students.

L Effect of Developmental Level - e ) o

A

Hypothesis two’ states that there will be no significant difference

AV

in achievement test scores between subjects a..,t different levela of

‘intellectual development. According to: Tables 8 and 9 level of intel- Coa /_..-——

... -

l .1ectua1 development significantly i'nfluenced student scores on both the

‘

"Plant" and "Sound" tests (p < 005, .001, respectively) . The direction

) of this difference is mdicated by the means reported in Table II

With reapect to the "Plant" test, the transitional group atCained

" : the highest mean._ The forma,l group (x = 53 2) were similar to the transi‘

tional group O'(' o 55 8) but higher than the concrete subjects ('X = 42 9). e

Y, A

o :.'l‘his was unexpected and inconsistent with most other studies. A poasible ” Ty

'explanation involves the. small nmnber of students included in. the formal .,

icategory. : A low, non-typical performance of just a few students in this

ca.tegory, perhaps becsuse of misplacement, N reduce the mean consid— S

.

erably sincewthere vere. only a’small number of students in, the group.. -
Such a performance by a sﬁnilar number 'lof students in either of the .
1 lother categories would not haVe th:same degree of influence because - "“,' "
-the groupa were much larger. ' ‘ " L . ‘ ﬁf ‘

,' The results of tlu/e analysis of 'the achievement scores of the various :

Iy £ .‘ , ’ ~"’ N ,9

: developmental groups 7on the "Sound" teat differed slightly from the
N '-v(f '(- i -A . . ‘.,,
':"57 "Plant" test results..\ Students categorized as reasoning at t e formal- st

<t
.®

operstidnal level achieved\a highet mean /(SE - 79 9) than either the A . .

\transitional group (X' -'72 5) or the concrete—operational (X -62 8) ORI B

"al\v‘_

SNl e : [ c * ! R et A
ML Y S oty R L e .




Mean--Scorea and Standard Deviatiods for'éhe Concrete,

-1 T o .-Transit.ionel and Formal Studénts on the et
S O T M T S5 “Plant"‘and MSound™ +Tests: oo
W AT T am e - O N=93 S8 i S
i S R e ; S R
B N Y ".Intellectual Developmental .. - . | g e .
o, bl - Y - 3 gt -ual g v P n ng u .
il . -\ - T oo .\ o ‘I‘éve_l . c . u lanc ?es-t & 4 -.' .\ ’ound‘\“’\re-st o)
I°F N Conq.rete (46) ST
:‘:, coAl LW . :' ' Mean .
T o aSey T, f‘ Standard deviétion .-
% :‘. ".""_:'-' Traneitional (33) “ . b

_ Mean . = - : “~ ‘&’
Standard deviation - W
.'Forme'l (19')'.,. . i
Standard deviation

Combined (98) 18 e e ; A e 3 L e -
. 5 I'Iean ‘ ’ . e .5.05.6 N N ko L ":"'21-7 .- o e ", N =
Standard deviation. i 20.7 s’ '10.3 R g

L i * - AT BRI Tover
° - * - . t R
Note: The figures: in perenthesés represent the number gE ST e

9 .

g aubjects in the Various developmental level groups & =y - e

- e K P U

L2 S v mesens @b viam e e S
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. - ' /
t the second hypothesis._ In the present stddy, achievement of formal'

w4 bt

' . 4 . { . .
. con’crete group.- The direction of the di@f‘fet)ence \n achievement between s

. science concepts is related to the developmental level- of the 1eamer. L
s < s S .

- This finding is in agreement with a number of other studies which have '. E -
"achibe_vement i1 sclence (Raven and Po‘lanski ‘1974 Lawson and Blake, L \\

19773 Remnsky, 1979), . L. o ™~

‘ action between level of instruction and 1ep:el of intellectual develop—
" ment. with respect to students performance on the achievement tests.

) 'I'hese interaction effects were evaluated following adjustment for the

. evaluation are’reported in Tables 8 and 9. Tables 12 and-<1\3 indicate . . 7/

A influence the- achievement of . formal concepts by subjects of different .

e : , %3

. BEPE : S SR
. | ‘ ‘ S -
. > | PR ) N !;-\ g ~
i ' : ;/4 ] 85 L \\'\\p\
el i . 0o ' ; f,T NI
'group. Also, the transitional group scored a higher mean than -the * j

. : - . .

t‘he\ transitional and formal groups is the reverse of what occurred on

P ' © s - ' \\ .
In general the\bove differences indicate a lack of support for T

.th "Plant" \.test, and is more expected

- ‘ Yot -

'investigated the relationship between intellectual development and

—_— Al -\\ . ',j '-.\\\ 3

‘1976;‘ Sayreva.nd Ball, 1975; Lawson and Nordland, -1977; Wheeler and Kasé, ) L

.

.‘-\' N ' . . ’

Interaction of Instructional Mode and o . S o
Developmental Level , , . S ' A

Tyt s ~

Hypothesis three states that there will be mno aign}am:/inter- '
(]

[

:influence of the covariate and the’ main, effects. ™ The results of this'
. ' e e .

- . .
v . S~

the means-of the various groupa produced through ghe cross clas'sifica—

'tion of instructional mode and intellectual development involving the R - : .

"Plant" and "Sound" tests. respectively.

According to’ Tables 8 and 9, instruction did not differentially

developmental level (p =.0.64, 0. 97 for the "Pla:nt“ and "Sound" tests,

~
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Hean Scores and Standard Deviations on the "Plant" Test,
According to Inatructional Mode ‘arid Developmenr.al e - W N
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3 " -;‘ 3_' ’ ‘ . Cdnci-.et:e B g -;Iranaitional 'y ' " i
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Standard dev:l.ation R . A 24 8 : N . B
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tively) This is supported by Means represented in Tables 12

and 13 Thus, the third hypothesis, stating that there would be no ne

' significant interaction between’level of instruction and level of intel— : ;.‘»"' ‘

lectual development with respect to student 's performance on the achieve-— '_;:'\'::
ment test “is accepted o » ‘(. ST A

intended these findings indicate that type: of instruction does not have

xany differential effect upon the achievement of formal concepts by

B .
e

students at the concrete, transitioual and formal stages of intellectual\.
_-dev‘eloplnielnt, respectiwely. 3 This is in'agreement with Lawson ‘and .I;arplus S
- (1977) who state that concrete-operational students can.not acquire .
sooo
as good an understanding of formal cohcepts no matter what the level of '
- sinstructions However it does .not agree wi-th 'lre\se‘arch evidence whi.ch )
indicates that concrete instruction isl ,mo‘re effective in teaching‘

L
vy P} g 'q

conrete-—operational students than formal instruction (Sheehan, 1970 4 , .
‘ :Talley, 1973 Howe anid’ Mierzwa, 1977 Cantu and Herréﬁ, 1978), It is
"also inconsistent with‘research (Sheehan, 1970 Cantu and Herron, 1978) )
~which indicates thatwformal students vperform better u_nder concrete:

- . oo T e

Assuming that instruction and testing were conducted at the levels e S

instruction than under formal instruction. 'l"hus', withg:espect to_the
. ‘- . - '
interaction of instructional mode and developmental level, the results

@f the present study disagree with the majority of ‘the findings reported
in ‘the related research. ‘. o o 0
Stnnmarz"‘ e
o JIn smary, analysis of ‘the scores on the tests evaluating compre-

hension and application of formal concepts indicates that instructional

" mode did not significantly affect' achi‘evemen_t. Level of intellectual-,'

BV




development, on the other’ hand did influence the dcores on each of t,he

. Finally, no, significant interaction was observed between instructional

. the researcher 8- tests but at a different level of the cognitive domain. S

.mode and learner developmental leVel., .

3 performed on the teacher—made tests. Only the total scores for esch -

'stude;lt were available. . Hence, it"v'as. not’ .possiblel. to determine the

’in_dicated that all‘items Vere at the lcnpwledge‘ leve'l ‘of ‘Blc;om's 'ta'x'onomy.

‘.:be,tween teacher arld text treatment, was high. It was possible, there— b o ‘.
by - experienced and well qu’alified teachers, tested the same content as

A similar analysis to that for the tests designed by the inveetigator

was -performed. Tables,. 14 an__lj__re;iresenrl_the__nesnlte_of_the_anal)&sis_

A .

e ‘same subject matter tests regardless of instructional mode. . On both 'li- - L

g achievement tests, formal students scored higher tha.n concrete student:s.

u — R e — - —

.

‘\ . Anelysis of Achievement'écores on Teacher A\Tests‘

.

In’ addition to the foregoing analysis, a post-hoc analysis was ..

- - . o

-
”

reliability of the tests. Exainination- of. the. tests (see ‘Ap‘pendix C)

Further; the content validity of the test in terms rof the relationship

fore, to capitalize on the fact that the teacher made tests, prepared

L Effect of Instruction

3 tional mode was significant (p < 001) in the case of the “’l‘eacher Plant:" -

of "covariance for these tests.

test but not quit:e significant (p = s08) with respect to the “Tescher

Analysis of the main effects indicate that the effect of instruc— '

\

Sound" test. This is also reflected in ‘the. means reported in Table 16

T_he direction of - the effect in each,. case favoured'the. formal instrnction -
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- an explanation that may well apply imr the present case. )

/ . r',s,"..._-.u

~‘_.,group. For the’ "Teacher Plant" test the concrete instruction group

l

achieved a mean of 76 5 percent while the formal instruction group

o ‘v

",achieved a mean of 84 7 percent. For the "Teacher Sound" test the means

l

were 76 1 and I‘79 8. respectively. .

This result 1g not surprising and is in agreement with a study by

‘1 i

‘,‘Talley (1973)jwho, in comparing concrete instruction (based on models)

' ‘.‘"band formal instruction (verbal) found 'that on,a memory.tes»t (emphasizing‘

x-_pr [

recall) administered following instruction the control group did better .

Gy

-'than thel\experimental group. Talley suggested that the reason for such .

Aot

: .a difference‘ lay 'in the emphasis on’ memory leaming in the control class,

2

=

. Lo ' '
' Effect of Developmental Level

:

According to Tables 14 and 15 1eve1 of intellectual development

significantly affected subjects test scores on, both tests developed by

g the classroom teachers.' 'i‘he directién of the effect 1s shown in .T_able

S e - ’ o . \
1'7. The results 'reported in this table indicate that formal studenté

(NS

' ;(‘ = 87 8 84 N achieved higher zeans, on, both subject mattet tests than .

- the transitional students (_ = 80 2, 78,7) who, in turn, performed\ T o

. {
better than the concrete students (X = 78 6 75 Q) According to Tables_

14 and 15 t‘he overall trend of these differences is significant for

. ) .
- both the "'Plant" and "Sound" ‘tests.. In general th:ts result is similar,a., .

e

'to that obtained when the test items represented comprehension and

) application (investigator 8 tests). It appears that fomal students

. simply achieve better regardless of the testing.

e e e e e
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‘.Transit::lonal (33) !

Mean Scorea and Standnrd Deviationa fo:r: the Conci'et:e, i
;and_Formal Student:a on t.he. Teacher Test:s

S O A . o :?.-‘ . 3 R v . .
I =¥ ‘ . -, PoR-#00 .,' . ." B D W S )

oo

Intellectual Mg "Teacher- .Plant" g "Teacher Sound‘"
'Developpnental I.evel - * Test.

Standard devibtion f

Concrete (46) ] iy
'Stﬁndard' &eviaq;onj:' :

..I-. e

R

.
Y
t ‘n..'

Formal (19) P
Mehn‘ R il Sk
Standard Jev:lation .

“ .,

L1
'

. ’ N :: R Y | ,‘ o
The figures in. parentheses represent, t:he number of
subjects 1n. the various instruction.al groups.--
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' Developmental ‘Level S .

1

el T With respect to” interaction e fects,~the resulta of the present

‘, o . .. o . . analysis are also similar to the é’esults of the previous analysia.

. - These results indicate that instructional mode and level of intellectual |
L ‘., o " [\ N °
de\relopment did not- interact (p = .811, .956, respectively) to signifi—

#s
cantly affect the achievement test scores on either test. Tables 18

ot B - ' ' e

T and 19, provide the relevant mean scores. For the "Teacher Plant" test

formal-operational subjects in the concrete snd formal modea had a mean ;

c 4

corresponding means ‘of 75. 3'\d 85 0 while for the concrete-operational

. ‘_ subjects the means were'74.5’ and 81 8. For the "Teacher Sound" ‘test . ',- -

. the formal—operational aubj ects in the concrete and formal modes had } Lo

N

means of 81 9 and 87.3 percent, respectively._ The transitional subjects
had corresponding means of 76 3 and BO 9 percent, while the conhcréte— -I_’

L . operational subjec/ts had the lowest means, 73 1 and 76 3 petcent, res—

-pectivel}'. N '/' SR »“’ T J o

o E knowledge leuel teacher—made tests indicate that instructional mode
g significa.ntly sffected student learning -on-the Plant unit. Students
receiving formal instruction achieved a: significantly higher mean than " 1
students 'receiving concrete instruction. On the other hand, instruc—
o h "',: tionel mode did not’ significantly influence 1ea.rning on the Sound unit. ,

However, students receiving formal instruction achieved a higher mean .

‘ thaQn. stud_ents taught- through.the concrete tinstructilonal_ mode. .There_ -

. . . N . . " . N c . . . . N R . ‘ N . -
; . ’ ' .. .\‘ . N N * ) ‘ . . L v M . ~ : ‘ .
."' ' ". . . : - ' ) . ‘ ‘ _v"‘, N . . . N ‘.- N . . T
’ . tT - v P ' ! o : ' ' w oo, _.‘ A .
to R PRV . . L N R T e L : . . ) .
t T A ) ' k G ' ‘ * * - B O .

” Interaction of Instructional Mode and" . . =~ . v - T R

In summary, the results of the analyais of the acores on the two N L '

- of 83 O and 92 2 percent respectively.- 'I.‘he transitional subj ects had . E .4
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- i . 'T'able 18 T S
a P PO NG T
. Mean Scoreg and Standard De‘d.ations on the, "Teacher Plant" -
S Test According to Instructional Mode and’. cne
St 1 Developﬂental level, of Subjec't:s ) :
i L Ten . o N"98 § . P
- - L A o ' s Intellectual Developmental Level of Su'bjects .
"y . o Instructional Mode . v
R T P Concrete ; Transitional Formal
v/ : = a . L

_ Comcrete R
T

Sl -,' Standard deviation

s . Formal
B Me'an“'
"7 Standard devi’gtion

“

4.5 (lx9)

‘,-"_‘11 4

81. 8 (27)
10 8 .

s

© 83:0.(9)- "
=

92 2 (10)

46":_

', -Note:

The figures :Ln parentheses represent the number of subjects in
the variouﬂ categories.'“ S
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e : o V:with inatructional mode to differentially influence recall of material o

Jo—

- ¢ i emdmei it WS Ja8 1B Lt eeeila et e S0R ek Stmese o mememdow st S SR S o gmds tdve oo

K
— -

'“;‘was a significant difference‘between-the performance‘of the developmental
p level groups, in a direction similar to that which was established in i
the previous analysis involving the tests developed as part of the ‘l}:
'study. The formal studenta achieved significantly higher means than

" ",' '4llx :the transitional students who, in turn, performed significantly better

'a : W . ~ .

. a sthan the concrete stddents. Also, as for the prezious analysis, there
R S N R
‘were no“significant effégts resulting‘from ‘the -interaction of‘intellec—”

. tual .developmental level ;hd‘instructionallmode;\_ - '

S "' S )c—e : Summa;z‘ul
oL Ta

'f,: ) Analysis of the data obtained in the present study suggests the

" ‘e following In te&ts requiring comprehension and application of formal
° o o ’
".c0ncepts, developmental level influences student performances, in favour'
U .

- of formal—operational students However, neither instructional mode y

- . ®

. o
nor the intera%;ion of instructional mode and developmental level

'-exerted a significant influence on attainment of the concepts involved.
.

-recall also suggested that achievement was dependent on intellectual ; '

~

"%jrelating to: formal concepts. However, the data do suggest the possi-. '
' 'H&lity that a teaching mode designed to promote understanding, rather .

e ‘than recall might inhibit learning ‘at the level of recall._

- . [ .

. Ve . , Lo~
et o o tred e e 7 e e e . . . e e~ % et ia s

Similar analysis of scores on the teacher—made tests requiring only
L

f

'ggfs N ."development, and further, that intellectuaI’development does not interact
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-;7'Ktion was classified as formal instruction because of its reliance on - -~

. matter.
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N Chapter 5)
A SUMMARY CONCLUSIONS IMPLICATIONS, AND Lo
P L "‘” - : . o
‘ SUGGESTIONS FOR FURTHER RESEARCH \\ SRR \k
— : ' - iu;n_natx <
R N
Analysis of covariance was~used to. evaluate three hypotheses
involving the main effects of instructional mode and intellectual " -} e

' on the achievement of formal concepts. In analyzing these effects,

:

.analysis of. covariance was used to adjust for unknown but potentially

”confounding differences between teachers.' The independent variables
' (instructional mode and developmental level) and the dependent variable

-(achievement of ‘sclence concepts) of the experiment will be.- briefly

A . N
discussed in the remainder of this section. Co coo e

e
. [} Vo,

Instructional mode involved two different methods of teaching formal

sciEnce subject matter to students at different 1evels of intellectual

"development., One of the methoda was referred to as concrete instruction

,

and was based on manipulation of! physical modela of formal concepts

u

‘the 1ecture approach and the formal-operational nature of the text and

,laboratory activities.,‘Both approaches-were used with‘the same~subject

-

o . o

The level of intellectual development of the 161 eighth grade '

r

,developmental level and’ the interactive effects of these tGo variah%es, .

S

h‘while the ther was referred to as formal instruction. Regular instruc-7

students participating in the study was determined by .a battery of five.l

4L
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“neo—Piagetian tasks These were scored in’a manner similar to scoring

;“procedures used by other researchers with the same or related tasks.'

The categorization procedures employed in classifying students into . ;:_"

:1eVels of intellectual development were also based -of: criteria used by

J .
i previous researchers. Based on this categorization scheme, the" students

‘were placed<into three different levels of intellectual development,_‘

- . P
Lo

namely concrete, transitional (concrete—formal) and formal.
Four tests were used to evaluate achievement. Two tests developed

l by the researcher evaluated formal concepts from the corresponding subject

: ’areas involved in. the study, mostly at the comprehension and application

i‘.level ‘It was: also decided ‘to use the . scores on two tescher-made tests
.Tfelating to the:same content to obthin some indication_of'how leVPl of
}:testiné was relaéed—to instructional:mode ahd'level,of'intellectual\k:

- development.
R ) . . <
. T .. o . . . “~ teos -
e - T . Comnclusions
- A > Lomclusions
s : N ‘

Lob s
/.

', “‘ Three conclusions we{e formulated on the basis of the results

involving scores: on - tests designed to!evaluate understanding of formal—
o

“operational concepts. Firstly, concrete instruction was no ‘more effec— o

tive than formal instruction in enabling concrete-operational transi—'."

.tional, and formal—operational students. respectively, to gain-an.pnder—
-

standing of formal concepts. Secondly, formal students were better able j‘“

to understand formal concepts than were transitional students while

rtransitional students were’ ‘more - ‘able than concfbte % udents to cope with

5these-concepts. Finally, the performance of concrete—operational;

transitional and formal-operational studenté was not differentially .T“f__

R A s Y
T~ . D

affected by instruction either at the concrete or formal level. \K<¥;;\;
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':further, more tentative conclusion, derived from a post-hoc analysis of f

i

ptescher-made tests representing recall, was that students exposed to

.

'~-formal instruction achieved better on knowledge level tests than students .

.receiving concrete instruction, although this difference was. statistic—

& ally significant only on one: of, the two topics investigated. U
L . o e ' %/ o
S f.“ e .\ . L'TA. : 4;' Implications'” . o
The study has implications for practice in\that it offers evidence
";‘Aj- with respect to the present controversy of how to relate instruction to A

- the developmental level of the learner. It also. has implications for
w“further research in this respect, as well as in connection with the

‘*rﬁ' evidence it provides of the relationship between developmental level
: . A .

fand achievement in science. In addition, tﬁe\study has theoreticsl . t'_—
significance with respect ‘to evidence relating to the understanding of
“-formal concepts by-students at different levels of 1ntellectual develop— B

e . f;"ment. However, its greatest significance may be in the area of educa—
' . : .- N . i . ‘a
:tional practice. - : " . .

L
Vooe

With respect to classroom instruction, the study(implies that
~“students who are not functioning at the formal—operational stage of - A. .
intellectual development are unable to acquire an adequate understanding

. of, formal—operational content, even when instruction is' based on concrete

B L
1
3

";experiences.. As such, the teaching of this level of subject matter is mnot
f~as meaningful for these étndents. Thus, ‘we should either refrain from

teaching such -content to students who are not formal—operational or we

[‘should serieusly emphasize the prior deyelopment of formal reasoning

through suitable classroom dnstruction. This latter approach seems more

gt b B <t e o) e B . B e
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‘. . - acceptable, particularly in light of the present incongruency between
' [ T L.
: v
“'the nature of most’ science subgect matter and the level pf reasoning of

the learner. _In accordance with this approach there is a need for the
proper sequencing of SubJect matter and ‘the: development of appropriate

instructional material and strategies conducive to the promotion of
1ntellectual development The effective and efficient fulfillment of coo R.’;-

this need requires further research. In addition,'research is also

needed to further investigate the use of concrete props in teaching'

formal subJect matter. . ]) o 3 :" “

The finding that formal—opérational students perform better on 7. ‘?h" .

Tyl . tests evaluating understanding of formal—operational concepts than

JUprI -
N

students functioning at a lower level of intellectual development is

T supportive of Piagetian theory : Also,fsince concrete instruction was'no

T .. [

. more‘effective than formal instruction in teaching concrete—operational
A and tran81tional students a meaningful understanding of formal concepts,,

RN S T

that aspect of ‘the theory which suggests that formal reasoning patterns~

'H;: B ;Hf‘ ‘must be developed before a student can develop an und rstanding of formal
‘eoncepts_is supported as well, However,(it should be understood that K

- ",. N . - \
' the difference between the concrete th formal approaches wasvthe-use

L T of concrete exemplars versus verhal description‘of'non-perceptiblefexém-

plars of the same formal concepts. It is possible that the difference

s
EachieVement.. It-is'also possible that a longer'duration for the exper—

and/or students might have resulted in different results.z'

P ’
[ N .
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In‘ general the study implies that- formal reasoning needs to be :

: develop\ed in order thst students might have the ability to acquire an g

‘ of the findings,'especially since the study was conducted in a natural

'/

‘‘conctrete- 'p'eratiorfsl' students is'suggested" on the basis pf:_the' present

- adequate understanding of formal—operationel science concepts‘

' . ' vt

Suggestions for Further Reséarch |,

N

' Further reséarch in the aréa of teaching formal concepts to , -

¢

The replication of the experimental procedure of the 'study is .
1 : - . -
recommended as. a means of testing the conclusiveness 'and géneralizability

n

BtudY| .

setting where experimental control was difficult to obtain. In ,addition

L
v

-to replicstion, a number of - different instructional strategies are

3

suggested for investigation. )

A i

These involve H

‘the’ employment of a different treatment of the formal con-

cepts, i.e. a progressive development of the cancepts through ’.

o

the ordered teaching of necessary prerequisites, ‘as-’ suggested
by the research of ‘Griffiths and Kass (1979)
‘.the development of the concepts through film (animation and/or

.

' real) and‘ other- audio .and visual ‘media, ‘alone or in ‘combination

L2

e,

. .with models, ete. '. oo o c "' o

replication, using models similar to’ those employed in the

v

|
study.or some-different treatment,of‘ the concepts,, over.a
longer period of' time, C e

%)

conducted under normal school conditions. * ‘Since ,expe:rimen,tal tc'ontro‘l‘

103

. i . D .

. [ : .

\f 1 -
1

repliydmith other concepts. : - ‘ - B )
Like many ¢ther investigations in the area, the presgeit study was

O VPO O
. AR . e -
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need extensive replieation in order ‘to establish t'he reliability of Ry

. LT e s
i . 0 .

.."their resulta. An altemative approach in analyzing certain vatiables wgE .o L ool

i v . B 4 B SN -

) “ N E JN. .

:I.n the a,rea of :Lnstruction would he to: first investigate theae variables S

. A3 e . 5 < -
I . »

:ln nn artificial eetting where the necessa.ryJ controls are\ attainable, J ', . S

'- -~ o -~ 4

D and then to apply the findings of these studies in the classroom.._under

natural conditiona. to teat their effectiyeness. b

T e
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an outermost cell. R

Cell Mesmbraoe s AT AT

nrjpose:' to illust.rate how water molecules move across ‘a’ cell. membrane.
. I

ey ~ e L SO S LS B “ = e .
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'DIﬁU/SIQN ((Text: . pp..182-283). .
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*Cell processes- are on too small. a scale" to%e obser\'}ed‘ directly.’ There—
. fore, activities involving these processes are carried out by use' of a.-.
"model

In the model provided the wire mesh represents a cell membrane and the

two-adjacent cells OR the environment in which a plant is located and :

s o7

Molecules are involved’ in most- cel__\@.‘ocesses. Because you are: not able '

to see. molecules, beads will be used (:o represent them, .
The smallest beads (red) represent water molecules. o v , ;
" The medium beads* (gold) represent glucoae molecules. B . .
- .The largest beads (orange) represent starch molecules., ) S '. R

. .'{: - . . .
- Ac'ti.vit_y':'I e

‘.J \

M:;t:erialls:, plastic container (divided by wire mesh) ansd smallest beads. .

[ : o 2. sh ke the’ container back and forth for ‘about four or

five ‘seconds. .Then hold it~ steady and count the number .
. of beads on each side of the vire mesh, Record these R
Lot numbers in .a table similar ‘to the _one shown below.

_ SO ’l‘rial - o Side A Gh .. 'Side B ('#) :
. - e
~ 1' ; < 2 " :
! ! 3 ) [}
. PR ;
N4 .
ot = T
. < I
- — ‘ ‘""’*"'v"'I—'m-‘f‘-x-l:'w:."..,s. . 2L a0 b TSR M s

- two parts of -the plastic container, separated by the wire mesh represent :

. v
Procedure:; 1. A Use only the smallest beads. Placeé them all on one side
o N 'of ‘the wire mesh. These beads represent’ water molecules

- R concentrated on one side 0f ‘a cell membrane.. ) et

PO R LA
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/ s e rmri b -.-w;.;_- T ,.»-,.-.,.;..,. ‘.,,_;..4_,..'.,.,”, ot s i Sl _-'...,..,... . - ! i : - ! .
- ° .z A
. v s .’ . : = v
! ) L -
X , ’ -3, Repeat the previous procedures four times, each time

.

recording the mm:bers in the proper space in your table.

) ST How do the- number of beads on one side ‘of the wire meah

_ compare with the number on the other side after each.
) oL _~shaking? ; . !
C DF : ' . \
§ T :
oy N ‘ ‘ ‘ C “
o The movement of beads. through the wire mesh is considered "
o ‘similar. to the movement of water molecules acreoss a . .
. Ly embrane. Water molecules ‘move in' the direction .where -
" - ‘tHere 1s less of a concentration of water. -mq_;lecules just ..
’ - beads tend to moye through the wire mesh to where - K
T S AR YRR there are no’beads. - o .
i L0 : 5. In light of this similarity, explain how water molecules ‘
. N - move f£rom one cell'to another. .
© . ' . . noL
o B -t . X LY
- = ks
] = . . \ . ” . .
o S T Activity IT = . - oL ST
B T - .- - o P ' N :
. . ; . ‘ A : I.‘
. Purposez to illustrat how glucoie molecules uove across a ce11 membrane'
L ' 2 _Material's:. plastic container (divide'd by wire mesh) and medium beads. : ‘
S _l‘?"r:‘ocedure SRSty Usé only\u{edium beads. ~ Place them on one side of the v
Coio « " ~-~wire mesh.\ . These beads: represent glucose moleculea
: . cbncentrated on one eide of a. cell membrane. e
R N o o - -
L . . v ‘4 i ) ¥ ‘
' e ¢ ST ; : :
=~ e ) =




R L - * D . . , I . .
. B e L S . v . RO S SRR ton M ..
. K . . B . . .
3 L P
" o
v .
' s K
) - .
. . . . , [ - N
: P PR . \ . i a N . : T . . .
. . PR L . oo . : . o - e
T A S , T PR § (-
. .. ) . . [ f ’ N A . -
- . 1 . . \ P . - o
t i " - . : . ‘ Ty,

o L 2u Shake the containea back and forth for about four or '

Vi :five seconds. Then hold it. ‘stteady ‘and .count-. the number .
. ..'of beads-on each side of the wire' ‘mesh. Recérd these

o numbers in 8 table similar to the one “shown below. o

| T ATrihl e ZSide‘A (#) o ‘»side B"(l) T
.l‘ - ! “-'. — - . -’ . 1 . - - * ‘v
i 'A 1. ! M
| 2 2 P
3.
,-\ y ' 4 .
, A

e ', “’ P . . P 5 '
. ’ / SRR — [ — . ~ — T "

3. Repeat the previous procedures four times, each time
: recording the numbers dn the proper space n, your table.

S A 2 How a6 the. number of beads on one side of he wire mesh
' 'Y compare withe the number on the ‘other side after each

BT L :shaking? E ‘ / _ R

el - T In light of this similarity, explain how glucose mole- \ )
[ S R o cules move from one’ cell to. another. o L

. [

Do e s T T Actdviey TIT . S

. . :'I{u‘rpose'l:' to 111ustrate why starch molec_ules need to be changed to
S glucose molecules. : N . : C '. Co :
Materials: - plastic container (divided by wiJr:e mesh) and ‘twp size beads -
‘ (medium and .large). - o : :

')’1 - . . :
W .-, . e
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J
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Procedure: - 1. Use the largest: beads. " Placé them on one side of the ;
~' . .7 - wire mesh. These bedds represent starch molecules : "
- _ o o _-concentrated on- one aide of a cell membrane. , f"», ' g
N N ’ ' . K;‘, . . ": . R o 3 . ;:
i 2. Shake the container back and forth for about four or !
: . © five seconds. Then ‘hold it. steady and- observe the
. ' .,number of beads on each side of the wire mesh. ..
" Do any of the beada move- through the wire mesh? Why - \
5 K not’? ' . ‘ - AR ‘
o R S
Lo " y & : ;
! - 7 '_ _lt "
o S seconds. " Do -any " beads move through the wire :nmesh‘l W I K
T i '_‘so which beads? Yhy are they able to pass through?‘ . 5
- B L ‘ L RN > ; '
: . . : . .
T 4 Why do’ plants have to break down starch molecnles i"ritd"- ' o
R . -glucose molecules? ' A L , T, ‘
. & s . a e ; C . .
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Drcrs‘r'ron(resct: PP 184'—-‘18'5) R
. Objective: to show how large starch molecules ‘are. broken down into ,

e T - 'sugar molecules by enzyme action. - . Y N
4 Materials: a block of plasticin‘e containing two holes lying near each )
" ; other, as. shown in the following drawing

c T e 7 Holes -

S

: [———wPlashcme B|oc.k

o ' A ' K :
- two' styrofoam balls 1ight1y cemented together. The balls :
L © are the same size as’ the holes’ 1n. the plasticine.

. ';:'._'1_;1;"'5,‘ . I S+ rowcoom BONS »’s..‘

Procedure: 1. - Place the plasticine block on the t:able so that the
I holes are ;at the top. This block, with its holes, .
represents an enzyme of a cell. : :

'2.. Fit the cemented styrofoam balls in the -holes 1in the .
: . plasticine block. These two" balls, 1ightly cemented
together, represent:s a: -atarch molecule. o

A 3. Force the two balls into the holes formed in .the plas=~
: ..+ "ticine.. This action represents enzyme/activit:y. Even-
. tually the two ballg will separate.: The separate balls'
- represent sugar molecules and also the results of' enzyme Lo
‘activity. o Lo . . :

. S ‘As you can see, each of the ‘two sugar molecules are !°. '

"1' Coe T smaller structures than the starch molecule and, there-’
fore, are able to pass through smaller openings tha.n

the starch molecule. : .

Sometimes this stoYed food is needed in other cells.
. .However, the- starch molecules containing the food are’
too big to move through the cell membranes and, as such,
. the food is not able to be carried to these other cells
~in the form of starch. .Thus, the.starch molecules must
- t be broken down  (digested) into sugar molecules which
.. are smaller and; therefore, able to move through the
' . cell membrdne. ' This breakdown is performed by enzymes.
Use the activity involving the model to explain how

) 4 ' Food is stored in&he form of starch in some plant cells. a
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o T o B ’,‘ o . U'sound" Activities - . LT L R
Mo pmis ‘ 3. ) = P 7 e ‘- ; o ':' “B.
R - -_ g ..'l‘wo of the "Sound" -acti'vities employed in the study Were selected R -7
Q) 5 ,‘: :: . '.‘.. = , H K : r" ‘-. .. o
E S TS from a text entitled Searc g for Structurg: by Hoyes (1973) One of C -
et v i g T - 9
. L IR - o & . ;.n‘ o N : N . K
i . o the activities, ~"Sound Tranemisaion, was modified ﬂhile 'the other. - I RS
Lo .';- <, ' v.Sound Production, was used in its original form.- Of the activities g ) '
c-+ SR S examined, these tivo were most acceptable with respect to the reliability o e ‘
, of their performnnces and the level at which they dealt with the r.on— ] L
= CEDUL AT cepts. concemed. CAE . T = ‘b .- R . o .
] i . . e Similar to the activit:l.ea available to teach ‘the "Plant" concepts, . TR

many of the suggested activitiel available to instruct the concepts et — - R

P30
o, g WS
'\T'.
[
o
'

MM PR ’ dealing with 'the nature of“sound Her.ex“ass‘eesed to be’ inadequate, nd‘t ,: i

" .‘ e R .' onl; rrou & treatment point -of view but also“from ‘a performance stm;:d—. . o A -
. L " point. i Ae' such, , t was necessary'to develop activi‘ties that provided - : ‘.
J=] o .the’deeired level of performance and: ,treatment.. g : L '-“-‘ g = e
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Purpose" to ex'plain how a\moving object affecte the surrounding air. L
\ 1 ‘ 3
. ' Materials: . string and slinky o 1
’_,-_Proce.dure. l. Tie one end of a sliuky to the leg of'a desk or a chair " R
L with two pieces of string ais follows. ] S N
' / S Stretch the other end along ‘the® floor to a total length- L
. o of about four meters. Move this end quickly forward .
-and back. -. Observe the alinky and the atring at’ the L
: other end..u R L T
- I u”)“ . ‘;\“': . '.*.»1 V. . W o - . .
e 2% What,happens“ to the stripg? . .. '
. =
- LT 3. Describe. the changes in the ‘coils. of .the alinky. - "
| . - - -
' 4 h_ “In'one rapid motion, move the slinky forward and back
o four or five times. Again, observe the. slinky and the,
string at the other end. . . ‘ L s

o . ' ..'"4_. What do these, movements do to’ the string?

i

U S L N R g N T - ¥
AR . . - . . . Lo

':'."5.l'_'What"_'do,,thés‘e" movements do to the coils of the slinky? . -
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How does the slinky transmit‘ mmr'e'tpents‘.‘.‘ih .'Sroer'hmd_' to - .

the string?

1

ey ? P LHBTE i LA S LA S RS

) ) K :‘ ,» . : /
~l - o 7 How are the movements in your hand and string similar ' .
- to movements in the S -
(a) rubber stretched across both ends of the" card‘board o
- v ‘ tube. . ) . . . ” :"'
. o /) - A . N ¢ i ' ' (
e I
/ . L
s (b) ‘drumheads : ..’ e
(e), pié.no!or'}‘)hoﬁc‘z‘graph an(cliv-_ the drum : "" ‘ STl e
. v X g S ,. ‘ S el '
R ‘("d_‘).'::".doér‘ahd ~rindow ehsde? : B
8, In terma of the behavior of the slinky, describe what ' :
R happena to the air inside the o
(a) cardboard tube’ when you snap your finger against
. . the rubber at one’ end’ .
.- (b) .drum when you strike one of the‘ drunheads: ' .. - ' .o
] e " '\-
.(c,)‘ 'dru:rh when you'pla.y -a plano or a phosbgreph ]_.qu(:lly:. i
~ R W

W-‘-ﬁ:‘u‘m . Spaid

ettt il le b -
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(d) room when you open and close a door. W -
. .
o . In terms of how movements in your hand affects the R '
ST slinky and _thus the string’ at. the othet’ end,; explain’® 7. " .= .
"t .- “how moveménts made in each of the instances above causes A
oot other move.ments. Sl e e - .
- : o - — [P N
RECITREY L Assuming energy is transmitted 4in air in’ a manner s , :
Lo ,similar to  the transmission of movements in the alink¥y ;- R .

explain how energy g transmi,tted betwee.n the door and e

. - d the window ahade. . .
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A

Explanations conceming the, tra.nsmission of energy inside the’ cardhoard R
Yo 0 tube: (Text: p..210), the drum. (Text: p. 211), and_the room (Text: p,- 212) .
.. .+ .. . aré.based on the behavior-of alr: -The'effect of the piano or the phono-" +-

BRI -7 graph on the papex clip (Text:, p. 211) is -also explained 4in terms of -

;. * the behavior of al It seems that without air, energy transmission in .
:’each of the above instances would ‘not , occur. Let's find out whether or
-not air is essential for the. transmission of sound energy. SRR
, SN

E IS AIR NECESSARY 'FOR THE TRANSHISSION OF sounn FROM A sounce TO OUR EARs'z'-‘J

) The following demonstration by your teacher will provide you with the
evidence to' answer this question. C o .

N The teacher, using a. vacuum | pump, will gradually evacuate the air from ‘ .
. o oa. sealed jar containing a beill that 18 ringing loudly " You are to N S
L " .. . observe vhat happens as the air is taken from the jar and then slowly\ .";

- let back in again. S o -

‘Read the following questions beforehand and use them to guide your
L : . observatlons during the demonstrat ion; After the demonstrqtion is,
Ty T '»_completed answer the questions in the spaces provided. ,
' T, What happens to the loudness of the sound as the bell jar is evac-l ..
' uated? L L - NSRS

® : ¢ oL T

2. 'If a perfect vacuum could be created -in thg: jar, would you hear R A
o an‘y_thing? Would- the bell be still functio ing" D

‘ II el : "-. s e ' ' ' v ‘ e H ' ‘ .
IR I What happens to the 1oudness of the SOund as air is let slowly back
into the. jar? N o e ‘ .
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5. ‘How'rié the' coinpi‘ete: removal of air from tlie"ja'r similar to the

" removal of the.s

linky. from between your hand and the string?
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o

RS What point stands for the gource’ of the sound wyaves? -

PO BB WAL 1M YR A e i s — © eame ey le cnta e an e vy smin ¥ e s eree e s ee
A N A . .

'.-Drmc'riom'os'wms"rnmsl_{ (Text: p. 213) I

-,

The teacher will rotate a disc gg.that fhe spiral appears to. expand in }

'=ga manner considered simi%ar tp the direction of wave travel from a

e Lt
e

source._ TR

“ . )

%'Observe what" happens to the lines as the disc is being rotated.~ Then e

-answer the following questions in the spaces provided L R

s “u
0 .
. P -

2. " What do'theﬂlines'represent7

p ]

A student will hold the slotted disc in front of the spiral disc.
The teacher will continue to rotate the spiralled -disc and ypu. will

. \view the pattern. through the slot of the’ stationary disc.

v.' . - 2

3.: ﬂhat do you observe? N )
. o . . . . . \ ' )
by In what direction do thellineshappear;to,nove? - : 'g - .
. ‘\. ' ‘: - 3 _ ,:'“' Lo R

NOTE: The ‘mbtion of tHe slinky and the apparent motion of -the’ lines of
' the disc closely resemble the motion of sound waves when air iS‘
transmiFting sound.L C . ' , . R
. M o ) Co
. Imagine holding the ends of numerous slinkies that are extending
',outward frqn your hand in all directions. . Movements in your hand
- would produée waves in. the slinkie¢s that would travel outward in
- a way- considered similar to ﬂxe transmission of sound from ‘a
© - source. N : : ‘ -
i N - BN . R s ~—— -

_Sound travels'outyard in all directioms. 7

o . . ; . ., Lo L

a0 8 e e oo o . ;
“ 4 x Lo A . T —— ity )
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'The activities below wiIl be performed by your teacher. For these acti-rf
vities, one end of a slinky will be tied to the' leg of a desk or a chair

. SHOCK: AWAV"E:S"l(Text : pp- 2 143215)

1

"..and ‘the ‘other end will be stretched along the floor, similar to an .

arrangement employed inm ‘a previous activity. The ‘end that is held by
your teacher will be moved in the gsame’ direction’ (quickly forward and
back) as you had done in an earlier activity. The difference is that -

'iwin this actlvity the movements dre much greater.

LT
v

1. Do these larger movements cause greater compression and rarefaction

waves in the slinky? Ca o Ve

v i

1
N wt

P

_‘ \\\:\,;‘ ‘ - .. 'f{

'3, . The ‘effect of ‘these greater movements on the slinky is considered

. ..similar to. whst ‘happens  #0’air when a loud noise is made. Your
-textbook suggests: that loud/noises (shock waves) may.be produced by’
bursting an inflated balloon, ‘firing a rifle, or moving ‘an object "

-~ faster than the speed of sound. .Jn 1ight of the similarity between

'3lthe behavior of air-and the coils of the slinky, explain how air-is-

i disturbed when these various spurces produce a Bound. ‘

2:. Do these large movements cause greater slaqkening in the ‘string’ at '”'
N thes other end? '

—
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N I S il AL e REFLECTION OF . somm WAVES - (Text..p. 217) PR
iy - L T T, ! 2 d _ } . s ) S
i - . - - ‘7’._ < 5 g Cav g - N saegl, - " [P R ," . ) :' ':,' "-' . M » o
| SR - One- end ‘of. the sl:l.nky is held 1n a fixed position by a student. .The
s e e other, is held by the teacher and the slinky is stretched- along the- - --.
. e floor. ‘This end is' quickly. moved forward’ and back. Observe the move-
i A § - 'ments :I.n..the coils of: the slinky. [ : A .
L : ", . W . iy . d L U L e
T T H What happens to’ these lnovements when they resch the other end? - e
e . 8 b ) ) d 5 h pare N LY YT ' : T B e - ‘“.' ‘¢ '} v B
:‘ i? . ‘.:- ‘" . ’.." - ! .‘; N o ‘ B ' - & . .‘: ] ‘ - '.. _._‘_; - _‘ ' " ’ )
:/'. ) VI - W‘hat happens’ to the movements in the slinky. wheén they reach the TR
G| L ';‘ - fixed end is. considered similar/to what happens to sound waves when
T WL e B they strike a hard, flat surface. '+ .. M. . o T el .
U ERy "2; ,,In 1:l.ght .of this similsr:l.ty, explain how sound waves are reflected.
Lo e - L & dan S i . ) ) N b - ‘.
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e P ,'._ : .NOTE. Reflected sound ‘waves . travel at the SAM.E speed as the initiel
RN B . sound. e e T W T e By, SN
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: “( ) Touch the surface of the water with the prongs of oL / .
' - the fork.. ' S L A
- (b) Touch a suspended ball with the pronga of the. fot’k. ;I. ’
. R
'(e¢) Touch your elbow with the base and then with the ) ‘ ’.‘f.
~ ' Prongs of the fork. . S . . /"
: R K T What effect did the. tuning fork have on the water and - ‘h
: x - -the ball? . . R = g A
S ~ - . ¢ .What &Ffect did it have .on.your elbow?
SR . . e
' What do theSe’effects tell you about-the fork? - .f‘f
L i ' IS — i
( 5 . N
: A' \ .- B y -
l.‘»(~ _ . \ - o A B N }* . R . .
: P What happened when you touched'the-prongs? L
i T - ' .
":\\{ - Dy
A
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"?urposef

Mhterials.

o

: _Procedure:
VoL e
P

I'EOUNDfBRDbUCTlONn(Text: pp.,218-223) ST REE
to show that aound is proﬂuced when objects move, back and .
forth rapidly. — -_. o . RN -

,tuning fork rubber mallet (one—holed stopper on a rod).~ i - -
ball on a string, large container of wattr, elastic band, L '"

A and hard thin paper. S - Lo L ,
Strike one prong of a tuning fork with a: rubber mallet. S ; T
(Never strike a tuning fork with. a hard object.) Now.
perform the following tests:. M .. '

:" 1-

J

oo '

- ) . )i
o
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: i ¢ °
Sl L - - .
n..l':,.." " 2 - »
‘ e ’
N _ ) : |
L 2. l-leve your partner stretch an elastic band between’ his .
, :\‘-\\- hands. Pluck the elastic so thaty sound- 18 heard. ’
P \ Describe the mbtion of the elast and, K . .o |
_'/ S - Lo, ‘ - _:v. , . ’ v _‘. - A\
- ; — = N
. ] %f
) - 3. Hold two ‘sheets of paper together between your thumbs ,
B ‘and forefingers, about an inch from one end on both
n -sldes. Part the sheets at this’ end so .that one.will
T cover -your upper -lip and the other your lower lip.
. Blow. . What happens to the sheets of paper when sound
is produced? . o
7
o T .
'.‘_ \‘ , e ] .““ ‘ ‘4v i
N o 4. Touch your throat while you hum., What happens to your ..~
o ceote " throat as you hum? ’ : - ’ -
.
o o '
S. Hold _an object in your hand s.nd slowly move it back and
\ forth. Do you hear a sound? Why not?
.‘l' ) -
Q’ r o
B - ., 6. ‘State the’ conditions which are necessary for any
. ’ to produce a sound which can be heard.
k. ‘ ¥
‘ T /,
Lo . , e ' -A,
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GRAPHING SOUND -WAVES‘ (Text: PR 220—221)'

,IL ‘the simulator provided, the beade represent air particles and the

132

movable' cardboard barrier represents one of the prongs of a tuning fork.'

‘-One—half of the plastic container is divided into. four equal‘parts
,These parts’ will be referred to. as spaces. Each part represents.one ;
'apahe. - ' : .

T e

‘qurpose: 'tovillustrate-hon graphs of sound waves are,produeed;

ER

“Mﬁterials::'simulator. I SR
'“rProceduref 1. Place an equal number of beads on each side of the card-.
E S board barrier. When the barrier is at mark zero (upright . -

position), the amount of 'space on either side 'is about’
the same. This represents the condition that exists
:when the prong of the tuning fork is in’ the rest posi—-
tion. Air pressure on each side of the prong is the
same. Mark the appropriate point on a graph similar to
© . the one shown below.
- One. S uce X

© CHigh P ssureD

a}Kﬂ 5 ace SR - . A‘i:fi:;'

2, Move the barrier to mark +l. As you move the cardboard -
C .barrier, shake the container so that the beads are con-
¢ . ., stantly moving. This represents’ the movement of air
B o particles in the area immediately surrounding the prong.
“‘This pushes the‘beads together into one space sodmewhat
"similar to the compresaion of air particles to the right
of the prong when the prong moves towards . the right.

, f‘The movement oi the cardboard barrier one ‘space takes

ormal PreSSure) 2.3 & 8 G 7 ;,T‘_"" )

Three Spdees 1 SRR R ‘
' LowPrssure) . : - o ,//

one. unit of time. Keep this in mind as you mark the b

appropriate point on your graph. -

’Mbve the ‘barrier to the left. Stop. at mark 0. Indicate"

o the appropriate point on your graph, Notice the empty
- space immediately to- the right of the barrier. This

‘represents the movement of the’ prong back to its upright ;‘

position and the starting of a low preBSure zone .to. the

'3right of the prong. C . , . RS

-~

i



4. ’Gontinue to move the cardboard barrier to the 1eft.

T

H_'.‘6..~Repeat the above procedures, each time marking the -

A;’;ip-oHET”It’should be kept -in mind, however, that the °

Stop at mark I. Notice that the empty space immediately
‘to the right of the barrier is now much larger. This
'_represents the movement of the prong to. the, left of the

upright position and the creation of a low presgure zone

to the right. Again,. nark the appropriate point on your-

graph. |- 7o S /

'3.: Mbve the. berrier back to mark 0. Notice that thie move— .,

. ment pushes ‘the beads together.__ghis represents ‘the. ~ ;
movemént of the prong‘hack towards the right and the” |
beginning of a high pressure zone to the - right of the T

' prong.’ T L . . 5 “'«N,

i . o . o . oo

appropriate point on your graph..

"'-7.,:Join the pbints marked ‘on. your graph so-. that a curve is

. produced gimilar to those. which appear on pp. 220-221
" -of your text.' .

) :“‘?In this ectivity, we :;Suggg,eur”ttention on the bends S
. on the right side & cardboard barrier and compared

it to what pena'to the air on one side of a moving

. barrier has a similar effect on the beads on the left’.

. "’ side. Just as the moving prong disturbs the air on both B

' sides. -
}n,i=“
y ,
,
h N
1
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 MATERTALS 'AND- PROCEDU N
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" EMPLOYED. IN DETERMINING - .~ -7 '

.. LEVEL OF INTELLECTUAL .DEVELOPMENT . -7 .. ¢ ‘' .7 .
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. lectual development of each student participating in the study.. The

preliminary instructions provided each clasa during the administration o

“feriod.

2o e —— - o mab Ve % : e i bames e
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'AgPENDI'x.Bv-"-, SRS
v MATERIALS AND PROCEDURES EMPLOYED- N Darzmuumc L
b peven oF INTELLECTUAL DEVELOPHENT

[y

Thia appendix includes the developmentad test and the various =

f'\procedures followed in using this test to determine the 1eve1 -of intel—l,

I

'of the developmental test are reproduced in. the first section. The
' Becond section contains the developmental teat booklet, consisting of o

nh.five neo—Piagetian tasks, in’ exactly the same form as it was presented

- J.‘

1:in each of the various- classes involved n the study.. The third section
}h presents a. description of. each task, the scoring scheme for each task

f'.and the categorization scheme employed in classifying the students into

1evels of intellectual development. :

. g o ; .- . 2
. X B - C e
a7 N . .t ' .

" Preliminary Instructions 'to Students - - Lo

Each of you should now have a booklet and various materials. This :“h

'constitutes what you will be working with during the remainder of this<‘

/,.

-

The booklet consistefof five different exercises or tasks. *Ybu'“ .

are required to co 1ete a11 five tasks.
T

This is not a. test. I am- just as interested in knowing how you -

farrive at your angwer to each question as I am in your answer being
l”right or’ wrong. So when you are asked ‘to explain how : 'you figured out

‘your answer, please do so as clearly and completely as possible._

~ -

‘




. RFC naweRr e v © gt e il e e

The various materials prcvided are for uae in particular taaks.

’ilou will know.when to.use'them. It will be indicated in the instruc- ’,v' i,
‘fi.fi‘bha' ‘provided in-the booklét. - . |
Now, will you please turn in your booklet to task three‘ The
J:diagrams on this page represent pendulums like those set up at. the frontfi.ﬂ
of the classroom., In the diagrams in your booklet the pendulum bobs.“
,are shown in various positions, ready to be released to start the pendu—'x
fz.j "'.:l.-;,;llumszswinging The angles these pendulums make with the rest positioh
\are represented by numbers;? For example, the size of the first angle
‘is indicated-by a l. This tells' or shows how far the pendulum ‘bob’ is'j"
"taken'from its‘rest position before it is releasedr A1l the angles -
represented by a number 1 are the same size. The size of the other
angles are indicated in a. similar manner. The length of the pendulum .
'string is in centimeters snd the weight of the bob is in grams. -’r
When you finish a task, move immediately to the next task " Do not:
'.uaste time. You will probably need all of the remainder of. this periodzl
© " dn order to fil.nish ‘the booklet. IR
| ' "If you-g't‘to-tesk‘two-and do‘not have'the matérigls'for,its comh_'
pletion. move on to the ‘next task (task three) ' Come,backlto task:twoi-’ -
"‘-_-when the materials become. available to do it. | |
.Read" the instructions and the questions very carefully. I would'“.
'like to remind you thet it is important to tell in clear and careful
. . ”~_':-“ writing, how you figure out your~answers to the various questions p
-/"? . t:f :s‘included in the booklet. »"" . _“,< o o ':-. VVIf
| LT , Place y0ur name and your teacher 8 name on the: front page.;
: You may begin. If you have a problem during the course of your
;ilf_{. :"u o *; work,;, you. will be helped individually."‘“' . .

b R . " - L ." . ‘ ‘ A

s
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' Ahia booklet is made up of five different taskg . Pl ase

do each task’ as: carefully and completely as po

- P

DO NOT worry about your answers being right or w'1/4orig.,' " S
THIS IS NOT A 'I‘EST. ) We are most in.tgrested in how you o : L -

- oo “.. N -
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T AR
TASK'ONE * - | ST I
. . . §"" - . . -' . e ' ' : . '; . .
The diagrams below represent two fields of grass that are exactly the: =" . . ]
e {.‘EEEE_EEEE'>f"-*3,-, . AR e oL . A e e
! D‘ ) \ .!
) 3 e’ : f - '. : !
! . . L S R R A STl e
- . - -k.' ->~.. . - .,. ' .>'r - »u-.» -. h S h ’ o .

Each field of grass is owned by e fafmer' Mr. Green owihg one, and Hr' A
L " 'Jones owns the other. Both. Mr.‘Green .and,Mr, Jones built a "barn ‘on .*:'“Q"f o
L= e s their flelds. , The' barns are exactly the same size and are built in: the"- e

B PR location shown ' in the diagrams below.. L C LT e ‘;\‘nw.l
R 2 o S o S L "-tp." ‘ ' A
hf{'f(';g’ Coe j-; : [ h~_ ‘.}; o. |- R | _f‘ . i}"fi¢,~ ff
s B LT hMr.lGreen:x' B IR 4. | . Mt Jomes ' . o
' L Is there still the same amount. of grass NOT. covered on each ffeld, or. 45'}f: fa:l i
X S g One. or the other have more? Briefly explain how you arriwed at Ll
B <1 . . . b _ ':f '
‘ ._.. : . N : ﬂ,
5\/\“ H ,‘F‘ .
»'fjhr Green and Mr. Jones each built another barn of exa _the same - }’7‘fhii'kf »
size. Mr. Green built his’ second barn tight next to his first arn. . a .

R N " Mr. Jones left a space of grass between his two barns,  The locat
\;'” e :“;f51~ the barns is shown in the diagrams below. s

L. [EPE 4
o _\ . . .

l-N\S"T‘-\\\. \\\ N i ,- . A -. . . m ‘ ) '."', . . D‘ N ) L Do C " ~
FE IR \~s ' Green N IR EIURERCER SRS § “Mri Jomes - Tt

\\ w:\ » Co el . of. oo

(]

o] Is ﬁhere still the same amount of uncovered grass on each field? ;:‘;':';f;«-
: T Briefly explain how you figured out your answer:. '

L . ' oL Lot
[ . ‘ . .

i .7\\ : e .,.n

. f T, . - " . .
0 * PR e
L T R . - G ‘ - . B . .
3 . P . . "

Av
i

L ,. L M. Green and Mr. - Jones each built a third barﬂ‘df'exactly the same T\5;;-: ~‘~:- I
o ;msize._ The location of the barns is shown in the_diagfams 5310“"“'* TR

R ,;':_;er..Gzeen i, St S : E)""‘f‘- Mr. Jonea R R

A [ . B XA L. N IRt v ."' L
N Tt - ' . - - : . . .
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Ie there etill the same “amount. of uncovered grass ‘on each field or: does
Carefully explain you; answer. )

one or the~ other have more? -




Read ’the instruc tions carefull};.

-
Y
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N oD s . 'TASK WO

- .. This task. xin‘vol\'fes placing two metal cylinders :Lin.’a tube nartially
: filled wit:h/'\yatler.

The cylinders are placed in the tube one at a time.

DO NOT ansiver any questions.until you‘

S * , are ready, . BUT once you have begun a new. question DO -NOT' change any .

‘ previous answvers.
appear. - .

1.

Answer the questions in. the order 4in which they

‘1

How are the two metal cylinders _alike'? How are they different?.

U

* Place an elastic band around the tibe at the same level as the water .
level. .

Very carefully 1ower the eilver coloured cylinder into the water
until it rests on- the bottom. Move the elastic band to the new

s water level, -

Before you place the® gold coloured cylinder in the .water, predict ‘ '

what water level’ you would expect 1f the gold coloured cylinder had
been put 1in the water instead of the silver coloured cylinder.

TR o -
~ §

" Explain as carefully as you can. how ‘you arr:l.ved at your anewer to

question 4.

1

Carefully remove the silver coloured cylinder from the tube, and
replace it with the gold coloured cylinder. ' Is the water. lavel thea
ame as you had expected? If it is not, explain why the actual
‘water level is different from the level you expected. '

‘("W‘ . N “" . [ A I‘ ‘- e . ."v » B

. —— . e &
b T L T L WO OO
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‘IT‘AS'K' 'THREE

-

Suppose you are given the follow:Lng ﬁendulyms from which you could
chooae one or more to help you find out the factors affecting how fast

oT slow a pendulum awings.

. Bogm | o
Which of the following would you choose to show whether weight has any

.one acceptable

© (@)

(3.

" A and L .
‘A and"
A énd'

C
B
D
D

" effect on how fast or slow: a pendulum sw:lngs?
choice ) ..

7

|00.9m .

(There may be more than ).

O
s = N
(5). B, C, and' D
. - (6) A,/ B, and C
) Care_fulljr_ explai'ﬁ'whj you would. 'choc‘s‘e'l_thesé pendulims.
. . : ' - T : ’
1o . + \ N
L .
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. large -round bygetons laid '
-"'slde-by-gide "to measure Mr.. -

The figure at the yight is
called Mr. Short.  \We used *

‘Short's height; starting =

- from the floor between his - l‘

feet and. going to the top-

. of his head. 'His hedght was '
. four buttons. Then we took -

a similar figure called Mr.

Tall,  and measured it in the'

same 'way with the same but-
tons. Mr. Tall was six
buttons high.

Now 'ﬁleése do the fbllowing.

things:

1. Measure t:\heah'eight of

_— ‘Mr.' Short .using paper- - .-
‘ ' clips in a chain provi-

. ..ded. ‘The Height is

2. Predict the hei_.g;h‘t of

. . Mr. Tall if he were mea-. .

‘sured with the same
paper clips. : =

~1'3\ .Explain how you. figured

- out your predictdion,

o .(You may use diagrams,-

° . words, or calculations.

' " Please explain your
step"s carefully.)

_TASK FOUR

e

P

. L ) .
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LR T TASK FIVE
' : '.z,.‘ e N : ! )

E 18 available from your ‘local store at eale
price, but you can buy any of the, following)‘“e:(trls if you want to.

2

A transitor ;r:adio

L . ...  “leather case ST G~
: %ﬁ S ca‘rr:y'iﬁg_ strap ) ‘ '8
X | )
OR . ." . extra battery . . . I Lo B
; N . R - - — : . R . ~.‘ o

Suppose you decide to buy a radio a.nd some ‘accessories,’ However, before

the purchase, you decide to figure out the various. combinations in which
you could buy the different items listed above, .Using the initials to
the right of; these items, write ‘down as man}' different choices as you
‘can think of . . .

Fd'_c example, 1f you choose to buy the radid, a leather case, and- an )
extfa battery, you would write down R+C+B; 1f you chooge ‘to buy the S

radio and a carrying strap, you would write R+S.

Write down your choices in the space provided below. -

-
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Procedures Followed in Scoring Tasks and in"Classifying
Students into Levels of Intellectual Development

~ e

A,group'-test"was. used to categorize the subjects i\:t\o\d,euels of -

"cognitive 'deve‘lopme"nt instead of ind"ividually administered tésks,

o because of the problems associated with the admilnistration of Pisgetian '

. . \ ,
- tasks to a la}'ge number of students on an individual basis. The ease
of administration thus made the group-test more desirable in this

,particular situation, despite claims by others (Easley, 1974; WOllman

and Karplus, 1974; Philips, 1974) of its questionable validity. However;

_ there are researchers who argue that these tests measure the same
) ‘ , . ) )

p intellectual processes as a battery of tasks presented in an interview

type setting (Rowell and Hoffmann, 1975 Shayer and Wharry, 1975 Tisher

s

and Dale, 1975; Tomlinson-Keasey, 1975) Nevertheless, despite pro—
cleimed sdvsntsges and disadvantsges, group testing was used in the
‘p,reslent study primarily for practical ressons. B
" The group test employed consisted of five neo—Piagetian tasks .’
: Before presenting the guidelines followed in categori'.zing the subjects
oh the. basis of their responses -to these tasks. the criteris employed .
in scoring each will be describe_d. t . A
| - -The developmen'tal test administered-—reduired _the '.subjec;ts t:o react'

- to the various tasks by writing'their resp"or;;ses. 'These 'written responses

-
[

were analyzed and scored according to a point syetem employed by Lawson, S

Blake and Nordland (1975) as follows.. .

llA‘ ‘Early concrete operational: ' l_point'

‘

S 11B . Fully. concrete operational' 2 -points . . . .
" 111A _Esrly formal . operational' ~3 points - . . '_ : ,\ i

111B Fully formal operational. -4 :‘po'ints

D e L BT PEIPRT W Pt U

L
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O {/" TASK #1

[+]

Conservation of Area (Goldschmid 1967)

, .

This task tested the students ability to-conserVe‘area. A student"

.who indicated attainment of this ability was classified as fully

' concrete-operational Therefore, the - hiéhest score obtainable on. this'-

N . . . L 3

particular task was,two points.
The task consisted of f0ur diagrams accompanied by appropriate test.

items. The first two, diagrams and corresponding test items were included'

" to focus the student 8 attention on- the natureapf the task.. Primarily,

;responses to the fidal two diagrams were used to determine students

/

nlevel of reasoning. Students were categorized on the basis of t eir

responses to these two diagrams as follows.l_n -

s f N . . . }

4

llA - The subject gives a correct answer and explanation
‘ in response to the question concerning just ‘bne of - T
the final two diagrams; the subject. -glves a cotrect SRS
. . answer to both questions but is not able to explain. .
.. either response (1 point)

11B 7‘The subject gives a correct answer and explanation , . -
: in response to the question accompanying both of - . .yf‘.
the final two :diagrams (2 points) : :

TASK #2
_Conservation‘of'Volume (Karplus -and Lavatelli; 1969) - .:
\ N . . . ) . ‘. L

s

" This tssk was included to determine the students ability to con— ".’

serve volume.. A student who was able to correctly complete the task

[N

was categorized as early formal-operational. Thus, the highest reasoning
level displayable was the 111A level. .As previously mentioned, ‘8 student

indicating this level of reasoning was assigned a total of three points. #

e B L L

s - S e e

[T A



. developed in the initial part of the task the subject was asked to

" explain the difference. The scoring, based primarily on the prediction

il o 2 A e TS R T A A A T D S e e e w3

The materials provided with the task consisted of two test tubes
partly filled with water and two objects of the same volume but of
noticeably different weights. That is, "the difference in}weight wss

sble to be determined by lifting the objects. In the. first part- of the

U “_'task, the student was, instructed to carefull observe the two objects

and then to place one of the objects (silver cylinder) into the water.

An elastic band was provided to indicate th level to which the water

"rose.' After executing the above procedures, the student wss asked to

predict the level to which the other object (gold cylinder) would " cause.

' the water to r_ise in the ‘test tube. An explanation of this prediction
: was also requested Follow‘ing the completion of this part of the task,’
. . the subject was instructed to do the actual experiment and. to note the

results._ If the observations made were at odds with the prediction

and explanations was conducted according to Karplus snd Lavatelli .

- : (1969) as follows:

: llA - The ‘subject makes .an _incorrect prediction or predicts
. correctly -and gives the incorrect reasom; cannot
‘explain the tesults when he/ she sees. the experiment
‘performed. (1 point) o . -

~ . 11B -\The subj ect mak.es an incorrect  prediction or predicts '
- . ~’‘correc¢tly and gives the incorrect reason (as in 114); ;
.\ however, when the subj ect sees the experiment per—
"yformed he/she realizes the -corTect explanation
{ (2 points)

111A - The subject predicts correctly and gives a correct - .
" reasom - (3 points). o . i o R

1‘1
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'-,, - TASK #3

Controlling Variables (Inhelder and Piaget, 1958)

’ - ‘ N '~ This task was included to obtain some indica.tion of the studente/ T
' ability to carry out a. controlled experiment. Presumably, a student

. who is able to correctly complete this task is able to conduct a .
.

.'.fcontrolled experiment. According to Inhelder and Piaget (1958), an\

T individual who is' able to conduct a controlled experiment is’reaaoning\ \ |

at’ a fully formal—operational level. As such, a suquct who correctly - SN

completes this task 1is. functioning at the 111B level which is, according

L e

___t:o Piaget the highest reasoning level possible.;
' This task dincludes a diagram displaying four pendulums that differ
--_‘ Y o ’ ‘ with respect to at 1east: one of the following factors: - 1ength of string, :
v . starting angle, and weight of pendulum bob. . The pendulum drawings were - g
PR 'lidentified by 1et-ters\(A through to D), the angles were, denoted by ”
| numerals (1 and 2), the'le‘ngth of each string was given in'centimeters,-.
dnd the weight of each bob was expressed in. grama Angles vere indicated
as equal by assigning them the same numeral. R
'_/ R .. ) o " From a list of_ .si:r combinations, the 'studen.t: ‘was asked to gelect
T ‘the. 'pe'ndulum; he/she w.oul‘d‘—:x'ae to -test Whetherrwei‘ght' affects_ 't:h'e‘ r'ate"»
l { “  at which a pendulum swings. There were two acceptable choices included
in the list. ..The subject was also instructed to explain his choice’ of
; pendulums As indicated in the following,outline, it was the subject '
cholce a.nd explanation that formed ‘the criterid used in scoring the task.
11A The subject eelects 2 and/or 3, both of. which imply. - ' ‘»~‘
el ' changing more than one variable. In- choice 3 weight . '
' ' of bob is- included in the change while in choice 2

> it is'mot.

-'lr . : . . . e o .I I . ° :
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The task includes a diagram repreaenting a Mr. Short. The subject. ‘

i‘is informed that Mr. Short standa four buttons tall and that a Mr. Tall '

“who' was similarly meaaured with the same buttons, is six buttons high.

‘The subject is then instructed to me asure Mr Short with the paper clips-_

provided. Upon completing thia measurement, the subject is instructed -

to predict the height of Mr. Tall in" paper clips. The aubject is also

I . R
C 'requested to explain how he/she fignred out the prediction. ‘ The scorin_g:r

\
of the taak was based directly on procedures employed by Karplus,

Karplus and Wollman (1974), as followa' o
11A - int:uitive computation (Lo and Scaling (S)K (1 point)
. IC ; An explanation using - the data haphazardly or. in ‘

an 1llogical way.

. ) S - An explanation based on a change of scale that
S - the subject doea not justify in terms of . the
: data. S

llB - addition (A) and addition and sca]_ing (AS) (2 points) .
\ . .

LA - Ao explanation focuging on’ a single - -difference
(tall—short or paper clips—buttons) uticoordi-
.nated with other differences, am'i solving the

- problem by addition. : .

AS An explanation focusiug on the excess height of
L Mr. Tall, and scaling up the two excess buttons
e by .an unexplained factor to compensate for ‘the
o size difference of buttons and small:pasper clips.

11 lA Proportion, concrete (PC) nnd addition "and proportion
-,:g. _ (AP) ) points). . - .

PC — An explanati.on using the relation that one button o
L 3 X 1z ‘about 1.5 paper clips where.this relation is
e ' _' obtatned by measuring one—£ourth of Mr. Short's:
) - height with paper. e¢lips. On most of ‘the papere
, P there .were pencil marks .that indicated how Mr.”
» e .. 7 Short had been divided into’fourths, frequently
s S . ,after a trial-and-error procedure. Arithmetic
errors wvere. comon.,

A'P‘_—'An explanation focusing on the excess- hei.ght of
- " Mr.. Tall, which is expressed in texrms of paper
. clips by a factor based on the data. .
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reasoning at the fully fomal—operational level (lllB) and is therefore

: .giVen four points. ' o L :

‘ "“‘.of these accesaoriee ‘as he/she “could produce. Since there were four .

. accessories available for purchaae. there were 16 different combinatione

111B - Application of ratio (4 points) ‘ e
i " R-.An explanation using a proportion or deriving the . R
" ‘scale ratio for the paper, clips or ‘heights . - i I
directly £ron the data, and applying ratio in. a’ o
proportion. . S
| Task#s T C
. ‘ _ ccinbinatoriai- Task (Breddernsn, i974) o L

LR ' o : PR .
’The purpose of Task #5 is to determine the eubje\ete ahility to

i

systematically combine choices 80 that all possible combinatione are LA "

produced. A eubj ect who satisfactorily completee this task is considered

o

‘, ‘
The task involved buying a transistor radio and some acceeeories'

Eseentially, the subject ‘was, instructed to record ae _many combinations ,‘

. -‘poesible. '
T -. Assessment of the subject - reeponse was baeed on his/her method
‘of combining and the numbEr of combinatione produced._v
. 11A _—'Randomly combinee acceseories producing less than .
12 combinations (1 point) Co
:' 11B '-LRandomly combines scc&seories, producing 12 or more ) « ‘4 EE
o .combinations.. ’ oo - T
E ~ Follows a partially syetematic approach, producing \ L
'leas than 12 combinations (2 points). - B
1114 ~ 'Follows 8 partially syetematic approach, producing L :’ ,\ : “ o

12 or- more combinat.ions (3 pointe) -

.,-lilB -.'_-Follows : completely eyetematic approach, producing
t .‘;12 or more combinatione (4 points) . ‘ -

- . N . . . ~
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. this categorizationuscheme: IR ‘ ' o e

R A point sps:tem was use.d‘ to create a set of" co‘ntinuous dats. "I;his
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.N.B.' RandOm Combining - the subject does not follow a '

IR s'chene in combining the various accessories avail-

" ablé, This is indicated by the lack of a pat.tem
-1n the recording .of the combinations produced.

,Partially Systematic ~ the subject follows a scheme
' . to determine some combinations but? randomly combines

to_produce others. o ) . .

- Completely Syotematic - all the -combinations recorded
~ are produced dccording to aplan. Again, this.is
‘ indicated by the mamner in which the combinationms
‘are presented

': In cIassifying subjects into developmental levels, the scores S
obtained on the various tasks vere combined and used to place subjects

into appropriate categories. " The following were the procedures’ used in

!

ot

A}

. vas accomplished by combining the points obtained on each of the various‘

taeks, thus producing scores indicating overall level of intellectual

development. -:In order to enter -level of intellectual development as a

factor (as desired) ‘in the analysis, it was necessary to group the ‘

: scores. In accordance with Lawson, Nordland and Kahle (1975), the .

_ senting three different levels of intellectuel development. e

, too stringent eapecially in its requirements for the finai two stagea.

_scores vere grouped so that they corresponded to . three categories repre—

On the basis of a nore thorough examination, the categorization Catn

e . ‘

' scheme suggested by Lawson, Nordland and Kahle (1975)'was cdnsidered

©

- ‘ P
As such. it was decided to decrease the upper range of the transitiona.l

category from 1§ to 14. ;This modification would alloy'students who

"’sc’ore”a combination~ cf 2, s 2 4 a.nd 4 points, or-gome different o

combdnation of scores totalling 14 points, on the five taske to be o

. classified at the fomal level (early formal) instead of at the tranai—~

a

s i T T B 0 Y
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3 - classif:l.cat:l.on 1eve1 was judged more appropriate for stmdents achieving i

. ¥ '= a total of l4 po:lnta on I:he test. Table A explaina how the three

S
b ‘ s

different levels of intellectual development were cteated.

t:he caae with the or:l.ginal scheme. " This . o
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Table A ‘. 3

Catégoiization of Subjegfs into Levels of '

‘154 -

Intellectual Development

Category

“Range

.

"

. ‘Criteria .

i

‘ Formal

r

Concrete |,

" Transitional

5-10°

11-13

v

-least

. A student who is reasoning at ‘the
concrete level should score no less
than 1 point (for & total of 5) and "
no-more than 2 points (for a total
of 10) on’ each of the 5 tasks.

N .
A stident who is- reasoning at the
tran{itional level should. score at
2 points on 4 of the tasks
and 3 points on the remaining task
for a total- of '11 points (winimum
score). As a-maximum score, this
‘particular level student should °
score 2 on the first task (maximum’

. posaible) and some. combination of
‘scores (2, 3 and 4) on the remaining

fasks‘ for a total of l3‘point5.

»

, A student who has attained formal

reasoning ability should score 2 -
points on the first task (maximum)
and 3'on the remaining tasks for a
“total of 14 points minimum. As a
maximum ascore, a student at this
level of thinking should score .2°on -

" the first task, 3.on the second

task, and 4 on the remaining tasks

_ for a total of-17 points, - C e

e rmaras e
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TEST ITEMS AND THEYR CLASSIFICATION ACCORDING R

00M'S’ TAXONOMY

./

o0

There were four d%fferent testa employed to measure student . /'.

achievement in two different subject areas. . Two' of the tests were o

Tdeveloped by the classroom‘teachers ‘as part of their regular evaluation
-‘if‘procedures, one to evaluate student achievement in a uﬁit’:nEItled "How'

'Green Plants Make Food'" snd the - other to’determine student achievement--

,in a unit called "The Nature of Sound."‘-The remaining two tests were

constructed by the researcher to evaluate student performance in the
- "‘ . . M '1‘ .
‘ ‘same two areas. - o . o y e

.

large percentage of the ﬁest items required only simple recall and
'recognition fcr successful completion., Since application of concepts-v”
received primary emphasishin the«testbdeveloped‘by.the researcher, it -

was suspected that the tests written by the classroom teachers were
. . . ; ) :

evaluating at a-different cognitive level thgn.the'testa'developed as
part of the'study. Since the - tests composed by the teaéhers were used

‘ as igstruments to measure the dependent variable, in addition to the
#
test‘produced by the researcher..it became necessary that both sets of .

teats be syatematically and properly classified This‘classification:

‘

analyses results, .

- } ’
\J ~'

. Bloom 8 taxonomy was followed in classifying each,of the four -

* would - enhance the explanation of any difference that might occur in - the .
S A R R ~\\.'

'tests. This process involved sepsrately categorizing each item included L

RSNy 7 v e
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LA preliminary analysis of the teacher—made test indicated that a .

R 7‘.--.,‘.,.‘.:’ :
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>ip" éach "t;es‘t:. ' A rationalization Vas. also provided for the placement: of Ty T o
;‘éac'h" i'teni., The ovetall classification of each test was det:ermined by Sl
the proportién of .fi’tems cate orized at the var:lous 1evels of Bloom s : th ,
taxonomy. c SRR
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achievement “In the unit entitled "How ‘Green- Plants Make Food." This._ A

ise-

Tests“Develop.ed‘ by the’ Classroom Teachers - . » " ‘ o ) __\" )

" The ‘tests. written by the classroom teachers were the first to be

- classified. : 'Ihe init:sl.a]r classification(;lnvolves the test evaluating

o . 1 - {

test consists of four parts. Each part is presented exactly as “

included in the test and classified as follows.

1.

"celql is the ‘ I . .

‘The chemical needed by plants . -;(5): .

.,'

. P'ART.A' PLACE THE CORRECT ANSWER IN. 'I'HE SPACE PROVIDED AT THE RIGHT.

A11 1iving things are made up of | l " (1)
Jtiny units called . _—_— et

. r.When these" units ‘are organized L
together to do a particular job, o e @2)
’ the “mass 1is called a_ ', .- o

The outermost part of an animal : ") B .(-3)»_.,

“ The process by which plants make - . - . (4)
- food is called . : o 7.

for food manufacture is .« "

' The typé of conducting tissue ' i A "-_. o - '

which carries water up to the .- . (6)

g leaves is called} i .

7.

8.- f . ) P
- .- are used for food storage are . .- .. . (8
called T . :

fhe small pores on leaves which . —
_' permit transpiration are called T . -(_7) :

K : o s R T N - .

Structures within the cell which'

. The._ . - 1ayerofa N

- leaf’ contains most of thé water . P »(9') -

- When . 1eaves turn yellow in the - ,' o o : /( .

to be used for food making.,

~ fall, what is the name of the R (1('))- .
pigment which is showing up?” o RN

"

kst
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| K . . ..'~ PR . .
L Since each Qf the above items is posed in a form similar to that

e - used in the original learning ituations the student is required to

recall (1) as the referent for-the term cell (2) as’ the referent for

P _ the term tissue, (3) as the referent for ‘the term membrane, (4) as the
: !

referent for

the term photosynthesis, (5) as the referent for~the'term I K

.»chlorophyll' (6) as the referent for the term xylem, (7) as the referent . A ;
'-f ) ‘;‘-n;j ﬁor -the term stomates, (8) as the referentxfor the term plastide, (9) as. . ,
_the referent for the term spongy,'and (lO) as the referent for the term ‘ T
g carotene. . i
Since this part of the test emphasizes remembering through recall,
.it can be readily claasified under. knowledge. .,,f S
PART ‘Bt TELL WHET‘HER' 'THE FOLLOWING STATEMENTS ARE TRUE OR FALSE. . IF
' . THE STATEMENT IS FALSE, REPLACE THE UNDERLINED WORD WITH THE -
v . WORD THNT MAKES THE STATEMENT CORRECT. " .
. 11, Osmosis is the movement of ’ : . .
o 2 sugar molecules from regions _ i L
g kg of high concentration to o : o
; ' regions of low concentration. i o
i R }2. The dissecting microscope 1s S ook ’
: o . .used for looking' at larger e b
: A\ s items. .
: S 13. _ The gas released by nlants o o L
R C . during the day..is celled o S A .
e z"' ' T : _carbon dioxide. o : " : ' : ) .
: 14;". The medium power of our o L
- mlcroscopes magnifies the i o o
o item 400 times. S : <L -
SR " 15. The 1iving part of a cell is o -
S e S called grotoglasm.. - - o .
.’- - A T~ . - . . 0 . AR
R . The atudent is able to correctly complete the above items by remenr .

bering specific facts and’ definitions previously learned in a similar

l. . c,
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form. T'his remembering is accomplished by recognizing (11) as referringv‘m o
" . to diffusion and not osmosis, (12) as: correct" (13) as‘referring to
"-oxygen -and not carbon dioxide, (14) as correct; and (15) as. correct,. .,' ‘,l_‘
. _PART C: LABEL.THE DIAGW BELOW: " T R T S
l. '_
Since the above drawing of the cell closely resembles diagrams in
. the text the subject :Ls' able to successfully recognize and 1abel its . N .
. R various,pa_rts. As. such Part C 1s clearly a test for knowledge. R
~ PART D:. .n\: y
: - * . . . ~ ' ,
N 1. (a) Describe how. you would prepare. a’ thin section for examination Ty
oL " ... - under the microscope. Include how you. would cut,‘ etc., arrd e L
S ST - . get. the .glass. slide ready.. - S o SO
T (b Te.ll how you would pro%erly carry ‘a microscope. L ) L
j-‘(c) ‘Tell how you would properly focus ‘a microscope. ) Why is it - )
necessary to be.so careful? . ° o .
N - R (a) 'Describe how guard ‘cells. protect a plant; :
T . (b) What are. . two factors which determine how much water a plant : o PO
) ! transpires? S - . - - : ‘< '(
S ) ' A L (e) What are véscular bundles and where are they locate.d? }
. 3.. (a), _What is meant‘ by p‘hotosynthesis? '
(b)Y :-what are the f:l.ve requirements for photosynthesis? . N
L : ! y ’ o -
(e) What ofte.n happens to" the sugar which is made in the leaves? R .
. ,-'_’ . T (d):‘,; Nsme a plant which stores its food as: starch o : _ ] .
." : o . L. o augar . ) s - . . . -
"protein ’ '
L —r - . o= ~ SE, - J




: e
"_totally at the knowledge level.

.'the previous test.

" each part was comprised of similar tfvef items. " As such, the itetss from

.

Eech of the above items may be correctly completed by simply

e I

recalling information previously learned. This information is provided

by the text and the classroom teacher. The fam'ili'ar form of eachitem

.

‘simply requires the student to regurgitste "the appropriate information

2 -‘according to clues indluded in th’e item. As guch, Part D ia u_rritten

»

+

Tlt% other test constructed by the classroom teachers assessed .
\

"achievement in'a unit ’called "ZI‘he Nature of Sound." The classification .

of this test was conducted in a manner similar‘to the classification of ‘

i
Tl)s‘ "Sound" test consists of two parts. As with the "Plant" test,

B}

each part will be classified in a. similar way. The following is Part I

A

- of ’the test: B

7

Put the answers to the /questions in the blanks provided at the right._ ‘

T S,

1. -An object which vibrates and:' (1)
produces sound is called a’ : . LT ) s
, sound ° - e . L
7 C 2. An 'area of high pressure is ‘ ’ *
,called a . - (2)
: ?;. An -area of low pressure is ; ' P
led a - wave. (3 o
S If a tuning fork vibrates .
_y & 256 times in one. second, it L _
. o produces . €4)
) B o ] , - e . ' Lo L ”
» ' ' 5. ,If a ‘tuning fork vibrates ‘ ’ E
o 512 times in one second it
produces - SRR ¥ E ‘ ’ S
compression waves 1n one i R ' o
- second. - T < . (5 :
A
. A4 e . i . ‘ )
! i .
Y T e e v e '
. g TR TR

.. "‘

<,



6 ,_Whac 18 -the frequenc}; if"r:hiAs (/

P - ‘graph’is produced in_ one. TP A - 1
o o S ‘second'l e e T e T (e) SIS e
. S Te .. What graph 1is produced by a ' T T ; . .
PN D .0 7. - louder’sound? " e T " >

8. ‘The highnese and lowness of AR AT
. - gound is called SRS SE ¢ ) BN 3 T

.

A _"'Stringed instruments use '

T T T to help amplify — — T : - s
. the sound t:hey produce. S (9) T T -

" 10. The method of eound a.mpli—.
© fication which uses echoes
L in columns of air is cal;ed

Loy e T

e o 11, An e:;ainple o'f'ari‘: instrument -
- S L . " which uses A"the_ kind of sound . .
: - . ‘amplificatien in.#10 18 - -

C Ty

12, - The longer the 1eﬁgtﬁ of ‘tﬁe- L
* .. tuning fork, the (higher, - L e DR S
lower) -the pitcha _ o T 12y Coo e b

4 . . ' CE—

SN S 13, A device used £ show the " .-

' . -~ . grephs of sound waves is a(n) " -,
. (audiometers oscilloscope, ] ERE
.'barometer)? - o i ‘(13)

. A 14 Which train of waves had a L o . e
‘ - higher frequency? . L S A ERAE

. ;.15.'"'The speed of ‘sound. in air ;Ls L -

u.';'approximately (335, 880. . O Cee
1100) feet per second. ™ ™ . (18Y . . JORSE




L Give two reasons why sound 1 impbrn%nt. . e “\"i ff)'
= 2.’ Draw the graph produced by three vibrations of a ,tuning fork. Label
‘ the graph. _ g . ‘ S
7 3. (a)._What is an echo? o o n': .' _ - I .
f . (b) - Give. three examples where echoes are produced so they can be
: o used. . .
[ , 4y (a) ' What is a'shock nge7 . U 'Aiﬁ—cil 'k)
. - PR - o \’ D < . [ ) ..
. B - .
~ ; - B - / e ' 3
! . L * N i K T
~ ﬂhﬁﬁmmemmnm5#2mnmﬁgﬁmgngm,.gm,nguéﬁggg:a . S I ‘ T
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. L. . . .
Because of the similarity between the etudent learning experiences
;'-and the form and content of the test items, the student is able to -
correctly complete each bylremembering specific definitionh and facts;..
ﬁe.is able'toAadequately complete statementsfl .2 ‘3, '8‘ 9”10'Ana'i1-
”‘by Tecognizing that (l) is the definition of a sound radiator, (2)'ds‘;~
" the definition of a compression wave; (3) ia the definition of a rare- :~f
v:faction wave, (8) is the- definition of frequency, (9) 1s the definition
of a sounding board' (10) is the definition of resonance and (13) is
the definition of an oscilloscope. He is able to succesafully complete o
the remaining items by recalling in (4) that each time an’ object vibrates
———itvproduces one sound wave ; (5) that- each time an object vibrates it
produces one compression wave, (6) the definition of frequency and the
definition of vibration as it relates to the graph of a train of sound,-
‘,waves, (7) the relative size of graphe produced by. sounds of different..A
’ loudness, (11) an instrument that uses resonance as a means of sound |
' amplification, (12) that the longer the tuning fork; the’ lower the - '
pitch' (14) the relative difference between graphs of high ‘and low - i{ K
’ frequency eounds, and (lszithe speed of sound. Since-all of ' tﬁe above T
_ itema test memorization, Part Iis categorized as testing knowledge. 7

Y
.

' Part‘II._ Do this part on your own paper.

L

——




©ORA Artmemee

(b) Whgt;isna«soniifhoom;i'

<. (e) WwWhy-are they dengeroue?:‘“

?.T;What_method of}sound empligication.doee the human'yoice use?

NP | . I - o v ’ N .

A . d BRRE j ; 'Since'the'form'and wording'of the"items are-familiar to the

' . :students, and since the appropriate responses are provided eimher by
the text, the teacher or both, the student'can correctly complete the

”

[ L items by recalling the relevant information. The cues in the form and’
' the wording of the items indicate which information needs to be recalled ' '
e : o g-Since recall is adequate for successful completion of this part of the e

test, the category in which it fﬁymost appropriately placed.is “knowl- .

 edge. - :
A u‘. - i - .'y Based onithe’above enelysis; both teste'developed'by the teachers ( i€ : : .
’ a | were classitied as knowledge level tests.. All of ‘the items included in . o
A the test to determine student achievement of "Sound" concents)were ‘-'”Ai_fi i”ad'”

R B o classified at the knowledge level; In Part-I of the test, six-itemsgl
' ‘ ' ) . I " - ' '. P : ’ ' J‘. i .,
" were included to test knowledge of terminology'while nine'tested'kﬁowl-‘

?

. ' edge of specific facts. In. Part II, which contained short answer type

;:. . v s items, five responsesarequired knowledge of terminology, while four

required knowledge of specific ‘fagts. - Again, in the test to evaiuate

I . student achievement of "Plant" concepts, only knowledge level items. weref-

e

s o used.: In the objective part of this test. ‘19 of the 20 items tested

o ‘A knowledgerf terminology.' The remaining item tested knowledge of a
: specific (sct. The final section of the test,comprised of short 'essay". o }.
,type items, contained two items examining knowledge of terminology, five_"

. -
itema examining knowledge of’ specific facte snd three items testing

A

knowledge_of methodology.' In~qnalyzing the varioue items, both the_text

M . . . . +

-
5
4 R . RN
ettt 5 ha e s
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Lo and teacher instructionel 'procedures were examined to determine whether ST ‘
f o the form of each item and expected response were very "different from IR
)‘,:'. B t , , .. . . .
! the way in which ‘the knowledge was originally learned" (Bloom et: al, .
) 1956) It was determined that the wording of ‘the items was" very similar = )
S PRI : : . :
) " .to that used in the text and/or :lnstruction and that acceptable S .
'l ' * e e ! : . '.' 4 o N
L responses were provided by the text and/or teacher either directly or AT o
' o e o as a: eimple step away from direct form. Clearly both tests evaluate , . . " ‘
. o R knowledge of. concepts and not understanding. . . R -" T S
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“researcher were similar to those utilized in the categorization of” the )

*'claaqification‘eccording ‘to Bloom' s,Taxonomy.

‘. of the cell,;causing the_cell to»shrinh. v e o

&

'nsolution-wae thrown.

-

4'Teets.Deweloped as Part of‘the-Studj ) o .
R s 'f: C e/ -

’

'z,‘The procedures followed in clasaifying the teata developed by the

N

. . v
L4

: corresponding testa written by the claesroom .teachers, - W f,' h

s

The following are the i%ems compriaing the "Plant" teat and their

,n

Circle. ‘the 1etter opposite the correct answen to each of the questions. R
.‘asked in: ‘the ‘following items.

« e ‘ o

'l I there are more water mpleculea on the inside of. p .cell than there

are on the outside, which of the following would be the most likely
-reault? ' . . L ge

PR PN -

- a e e

(é)  The cellfwould expand;": : ST - E ) e :.

- (b)Y The cell would shrink.
::(e):." The 'cell would burst.
@ The cell wouldcpot”change.,

3

This item requires the application of the conceptfbf‘oémoais‘in

")\'

predicting ‘that water molecules will move from the inaide tp the outside ,.;'

1

-

S
- -

\é fiahermen threw a bucket of salt aolution ‘on & patch‘of grasa

- "growing near his wharf. -About a month latey, he noticed that, the

. grass had turned a.yellowish color in the area where he threw the
salt solution. -Which of the following could explain this- event?

. (a) - The graas was dying because of a 1ack of water. , "J

'(bT»,The grass absorbed ‘the -salt solution which cauaed it to change
. ~fcolor. ,

' ic).hThe grass was dying becauae of too mueh water.

: (d)lehe graas lost certain minerale %0 the eoil which c)nsed it to.
e change eolor. ‘

This item requires the agglicétion of the conceptﬂof osmosis in

. explaining the deterioration of the grass in the area uHere the salt

[

4

. . . . . :' Py
. - . . - LA .
SIS oo o __jﬁ
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\? ' . 3. There are certain plant cells that are neither involved in food C .
‘ l{ T § production nor food storage. ' These cells obtain their nourishment .
- B ~from other.cells which store food in the form of starch, What must - - o
1 e ?'/ _happen in order for. this stored food to be obtained by those cells o
i 'whichneedit? ‘ Lo ) C . :
. f T ' (a) The stored food must first be. diffused to where. it is needed S
1 , " and then broken down ;lnto sugar molecules. R oo X ”
: i, ' "(b)’ The stored ‘food muét first be: broken down into rsugar molecules
i > . %+ 7 ‘sndthen diffused to where it is. needed. N .
Il J‘—D‘N\ e . A ) _ B '
b T -7~ - (e) The stored food must: first be broken down Anto s;‘ater molecules - L
R -+ . eand then diffused to where 1t 1s needed. ‘ . B E
R . (d) ' The stored food must be diffused to where it is’ needed and then '
‘. ] A T broken down into water molecules. R a v o
,-,-g L e T ';_ B The student needs to realize that: starch molecules must be broken : : L
‘ .down into smaller sugar molecules (digestion) before they can diffuse IR . =
N ; L ' .',. to areas where the' concentration of sugar molecules is low (areas where -
,$:; . L .‘-Q h e K AN . K
] % o ° o cells need food in the form of sugar particles) However, the student: S
¥ ! . P s:'!., . a . :
N SN . must trsnslate the’ stem of the item in selecting B as the correct: choice. ' .
\ ; - As_‘ such, this item ‘is,_classified, at ‘the co&)rehension level.' PR ot 7 N B
O <4, “Two model cells contaip.ing a starch solution are placed in separate
'T T beakers of water. Enzymes are added. to the starch solution’ contained ‘ a
A A Sl 2 . 'in one of the cells, .After a period of time, the contents of the _ ~ ° TS &
RS P cells and the water outside the cells are tested for. sugar. Which .
e e e of the following’ would be the most likely result? Lo
",_ ) “" ~ ‘\me_\' . . '
' - (a) The test. indicates the presence of sugar in the cell containing . i
. oo .enzymes gnd in the water surrounding this cell. _f’ ) BN
‘ ‘ ) .The. test indicates ‘the’ presence of sugar in, the: cell contsining R O
+# . . . .mo enzymes and in the water surrmmding this cell. R '

(c) The ‘test indicates the presence of . - gugar in the water surround— L

., +-ing the cell" containing -enzymes but does not indicate the pre-‘ . -
sence of sngar ip the cell itself. S - t

- v

(d) aThe test indicates t:he presence of sugar. :ln the’ cell cont:aining O o
'; ‘NO enzymes “but 'doas «not indicate ‘the presence of sugar in the o
‘ t\zater surround:lng ‘the cell. e
v .‘ I _- ? ) =
Lo 5 ‘
\t;‘ ..'-‘ S . '."" o ' - 2 )
, N \ c )
v ' , ' "‘-‘,' s
SN TR B
v e A ' ": : ' I
e et el R Y NS
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In predicting the most likely results of. thej experiment, the S :

. i student must be able to apply the concepts of diffusion and-e'nzyme ' - A
. !. ‘ ,The enzyme is responsible for ‘the breakdown of starch molecules into

N ]

. L sugar molecules; Tﬁe resultant sugar molecules become more concentrated
H Y

. : .. . inside than outside the cell. Therefore, the sugar molecules‘ diffuse

LI

~'tooth'e outside of the cell.. “ e -

; 5 L ’ ST e
S A ‘5. A coloured substance 18 sometimes used to soften bathing water.

’. ST o dtog of this substance. ‘has’'a tendency to evenly ‘spread throughout .

) - the“entire volume of water in the ‘bathtub, How do you explain the
. . spr‘e ding out of this col:oured substance? - :

[ , -
'

(a) Molecules of the. coloured substance have a tendency to. move

R S . into areas where they are more strongly attracted to water o S
. ) .- . molecules.,,

A

© .

T (b) Water molecules have a tendenzy to move away from the coloured
SRR - ~ . substance, and thus cause molecules of this substance to move -
b away as well.

(c) The molecules ‘of  the coloured substance have a tendency to mnve L o
) SO A‘ , - into areas where' they are-less crowded. S .

IR . (d) Water molecules have ,a tendency to avoid a collision wi-ﬁfga mole-"

.cules of the colouréd substance and thus permit these molecules . -
‘ to distribute themselves: evenly.

B [
v
o .

DR .. The explanation requested requires the & gglication of the concept -’ :

of diffusion. Molecules-of the coloured substance diffuse_- from areas

N B ) - B of" high concentretion to areas of 1ow concentration\ A
B - coLoT RO B A N )

A

\ ‘_g(' 6. The. tube in’ the diagram below has a membrane for a bottom. The - . e
. ; diag x shows what hagpens ‘to the level of - -sugar solution in this
\ . . e

N e ..tube n it 18 placed in a container of water, .

rt A o : R
Level of solution in o
tube after being set c ‘

S ..\( - - Bet “P' ‘\ - - . ‘ X uP for fz hours. o

. Level of solution in tube
o ':I.mmediately after apparatus :

4

v .. .‘ é'.'
SR SRR I V= - soluhon \-evel \. L
SRR P L '—-h== 50|u ion S %
Lo b ) e Water N
T ﬁ : L ~Mewbrane. R é
: : Y U P . = . L R
- N . . - . . ' *
a Lt } ’ I ) - ' ! C e ‘,}
. g ". ‘ N
. _

i}
!
i
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Which of the following statements 'sbout the gbove di’sgrsm is correct? .

Z" (&) The. level of solution rises in the,tube because the sugar
" solution tumms into water., e .

LY . ' N o . . .

‘ L _(b) .Water mnlecules pass from the b‘eaker to the solution in the

it . - a tube and. this causes“ the solution in the tube to rise.

B € | ,Sugar molecules pass from the tube to the water, in the beaker
c ! ‘and this causes the solution in the. tube to rise.

L = . (d) . The level of solution rises in -the tube because water evaporates
S T, from the. beaker. '
- .

' ' ' The explanation for the rise in solution level requires the app i-

o cation of the. concept of osmosis. Water molecules are more concentrated

‘\

on the oﬁtside of the test tube than they are on the inside. "Therefore, .

©

L . . 'acco.rding to osmosis water molecules pas’ses from the beaker, through

the. membrane, to the solution in. the tube. Ihis c‘_auses _the level.of

) \ : ; ’ . - ' ! -
; A . solution in\;the tube to- rise.@‘ ) " R R _' S _
7. Tom 1s interested in growing plants but most of his plants are in .

- ,very poor condition.. However, he learns that plants produce food g ‘

in the form of sugar. So he decides -to provide his.plants with oo,
' additionaleood by dissolving sugar in water and .throwing large A

., ; amounts in'the soil. . After a period. of time he notices’that his
plants are in even worse .condition than previously. Which of the

. following best accounts for this happening? ’ '

D ) Y S ¢ Plants are unfavorably affe ed when they take in large amounts :
oo e . of water. ' ;?: . . B

(b) . Plants are unfavourably affected when they take in. 1a.rge ]

t .

o T | .. . awounts of sugar.. = L ) S '
| LT T ‘.,""j?c) Plants are unfavourably affected when r.hey lose large amounts R
-k e of water, - . ‘ . X S

' i . P j'e(d) . Plants are unfavourably affected when they lose large amounts KL
BRI I ~ . of sugar. . t

B Selecting the beat account from the above choices requires the

" agglicntion of the concept of osmosis. -Since‘ the, concentrat_ion of water

“"

el T \ ) molecules is less outside the plnnt cells: than inside. water diffuses h R

. . . 1 . ‘ . . : - .
. . ’ RN o . : N . . o . i v Lo . e .
. v N . v . . ! : o " N " B . AN
. R .o ! fe . , N R ’ LIIEN i
. 1 Lo N ST . . o " [N . . . Lo
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out of the plant .(0osmosis), thus causing the condition of the plants: t'o(\ v
4 o - .' o - . . . B

further deteriora'te'.‘ o T . L R R LT
Ny B % Suppose seeds shrivel up when placed in a liquid., What is ‘the_ nature
Cr - + - of this liquid? 3 L

- ' o ; (a‘)“ The - liquid contains less water molecules than. the seed. -
fod PRI 'A c ' (b) The liquid and the seed contains an equal concentration of
S - '+ water molecules. , . ,

i S (c) -:The liquid contains more water'molecules than the seed.
: -. (d)‘ ,The - seed does not contain any water moleculea.

) . ' -. A - . v . - N .
: / o Im determining the nature of the 1iquid the student must be able

-

EE x the . concept of osmosis. Since theré are. less water - molecules

in the immedi ate solution surrounding the seed than there are inside .

- " the Bee'd‘ 'wa.ter’molecnles ‘dif.f‘u'se fron nrithin‘-the seed tol the surrounding

- L ‘. . .
liquid, causing the seed to shnivel . » .
. Thie classification places the majority of items comprising the oL T B

: o -:' - "Pla.nt" test at the application level. A'ccord:l.ng to‘ Bloom B Taxonomy, : I
l ’ this test evaluates understanding as opposed td knowledge, the category

forming the major emphasis in the test constructed by the te,gchers. ;

o . The "Smmd" test was classified in the seme way ‘as "the. "Plant

(4]

RS B o test. Following:are the  "Sound" ‘test items and 'their clasaifications:'

.

Circle the letter opposite the correct answer to each of the questions .
-asked in the following items. ’

1. Imagine that there is no air in the earth's atmoephere. Assuming

sy - that ve could live under these conditions, which pf the following .
’ would be the most 1ike1y outcome? e e

. . L i

. (a) We would not be able to hear each other speak. L
- .(b)‘ We would not be properly heard unlees we" spoke louder than we . . :
el do under normsl conditions. . o o . o
o (e). We would not.he properly heard unless we spoke in the direction; ’ :
oA oo L of the listener. o o .
» ) ) Wi N ¢ I 3 o
! \\\ . ) . ‘ PJ’ ’ . e ;ix
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N "ﬁ,‘,Mw:lvge»r.;wiqnwssxwfgr:-\:fgpmm-:x-;n,‘-vvvr..- Hem Ty '}- - ; . : ' " ; : R : .

o S - s o .
v : 7 1o
uv K - . ) _ - ] ) et
‘ B - (d) Ve wou.ld not be. p.roperly heard unless we gpoke slower tl:xa'n we ‘
gt do under normal conditions. - : Do s
P am . . R . [ . P ’ . T
. f. . L] . . : ) ' A. ’ . . ‘ . ' . \ ‘»‘ y - |
2 S . The applig:ation' of.the student_'s' lcnowledgé of sound trsnsmission. o N .
._' is required in predicting the : correct outcome. .The 'student must apply
1 o S . Lo : : i Teo - -

i ;' his/her knowledge that air is necessary as 'a medium of sound transmission
¥ to a functional situation, DR oo C co o b
i e Suppose that you have a very sensitive instrument for measuring aix’ o _
, presgure. How would such an instrument ~respond’ to sound/waves o T
. produ'ced'in its immediate area? - ) . - B ' f "
, +(a) The instrument would indicate a rise in pressure. e '
- . . ‘ .. (b) The if'zstrument.wou‘ld indicate no change in pressure. —
L L ; 4 -« (c) " The instrument would indicate a falldin preSsure. ,
. oL o o P ‘ .
ot~ - - (d)- The instrument would indicate a rapidly rising and falling of
’ %}. . .. . "+ alr pressure. | . L ‘ o~ o e R I
| e | - - | P
" In determining instrunlent ,rfe‘sp_onse, 'th,‘? stude'nt, needs\_tci tip{p'lz‘ Ehé, o :
‘ cbncept of sound wa'ves. He/she must ‘realize .that sound waves travel . ~
SR s B 'through the air ag high and 1ow pressure re&ions (compression and rare~ ‘
) . ! L ) e
Z faction waves respectively) and thus cause corresponding chanrges in the
J: . ) ] . L ‘ . . o , ; [ I
; readings of the ‘in,stru.ment. o ‘ S J
i 3. ‘Certain, sounds on_television sometiu;es cauge vibration in nearby ' SRR T
: objeots. How do~ these sounds produce such movement? el N A4
'(s) 'I'he television creates a succession of high and low pressure * . .
* T, zones in the air that’ are sometimes energetic enough?to move o RN BN
. " nearby objects. i . ) o - .
L@ H T v V4 . . "
. (b)- The television creates puffs of wind in the air 'that,-trre some-"' .
o o times forceful enough to move nearby ob;jects.- . : -
o (c) Air particles are forced tcb wove, s.ll —I-xhe way from the television e _ - T‘A
a0 . .. %o nearby objects in . sufficient nmnbers to produce movement {a- - ' :
N : ‘ these objects. . - .. Cll ) :
o By RN - (d)_ The television uses up air particles 80 extensively in the .
- . e S production of. certain sounds that mnvements are” created in . )
U S L e nearby objects. ST I » : . E' '
e ' ¢ R N . ' > - - ) v . - :
. M ' / . . ~ - 7“ r
A: ‘: . ) . 3 . \ ) .
- L_ g . S i ; =
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This .item requires t‘r;e application of sound waves ds a rapid

‘succession of high and low pressure zomes which are sometimes sa intense

. as'to cause objects in the immediate area to vibrate.-
s t Laay ,

4. Tom inflated a balloon with.a certain gas so that the balloon .
floated between the ceiling and the floox. He claimed that the
.balloon could be moved across the room by making a sound,, He argued

that sound travels outward in the form of waves and that these waves
would cause the balloon to move in their direction. However, -

.. . despite the many sounds produced the’ balloon \did not move as '
4 " expected. Why? e

o ',(a)~ Air) particles do not move dyring aound production. .
o - (b) M particles vibrate back and forth during sound production.j

(c) Alr particles move with the sound waves but are too small to
affect ttie balloon. =

o L (d)-' Mr particles move in the d'irection opposite to that in which' _
S’ CL - sound ‘waves: “travel.’ .

L]
-
'
oy

‘In selecting the correct expla.nation, the a Eglication of the con-

cept of sound aa vibrating air partid}es needs to be’ applied.. Air o
' particles do not move very far in any one. direction during ‘the produc— . - !

| N ) " ‘tion of eound (par.tieles vibrate back and ‘fo,rth) and therefore will noti

!
v \\- :)- E - move the ballo,o‘n\'acroea'"-the room. S , A
; ‘ / ‘\ _ ~A_good’ Bpeaker 18 heard by: everyone im his audience, even those T
41 \¢. " behimd him.. Which of the following is the explanation for this', .
= : stetement. - . . . B : L
c . ;af o (a)'. Sound travels in two' directions.g : ' l o R
' ' () "Reflection“of sound from the front wall enables i.ndividuals ST
' \ behind ' the’ apeaker to hear. -+ . e
& .
. S (c) A disturbance in the air travels from the speaker to a11 areas - s
e o __, AN /ﬂ_{__ ,of the room. , . _ . L ‘ S
) A j (d) Sound travels. in the same zway that water travels outward from . - ) ] .
T . a_disturbance. PO o o L R
. S 4‘9,‘ . " ' - .""1 | \ .. .’"r. . - R | ‘ |
© v In order - to covrectly’\ complete this item\ the student needs to _' co
) comgre’hen the mult:l.-ditectionel nature ‘of wave travel from a-source, . Y
T T " . . )
bt - , 2 . ‘I . ~ : j',,‘
"y P v . . R i
‘\ " - .. o \',;' ( Tl . .’.'C %&

“ o . . . 4
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s ]

) Since sound travels outward in all directions in more planes than that

3

suggested in (d), choice (c) . is the correct response._ .

s .

6. Which of the following .statenents about shock waves
1. N By .- '
(a) Shock; yaves disturb less alr. particles than sound waves created'
..by a person talking. . ) -
- (b) Shock waves .disturb more sir particles than sound waves created
" . by a pérson -talking. ; , )
v (e) . Shock"wave‘s» disturlz\;:he air by the same amount’as waves created} '
. . . - “by a person. talking. ; RO . :
_ (d) - Shock - waves-

7

>

.by a-person

.

1
o~ '\

disturb your eardrum Less than ‘sound’ waves created
talking. :

. L
'

'I'his item requires the studeht- to be able to translate his/her
N

. conception of shock waves in a way that allows comparison with the

: extent to which air particles are disturbed by talking.,

Q in ‘the country. Lighting for ‘the cabin was provided by .a small oil
* lamp. - While playing'near- thedamp, 3111 burst a large- balloom. The

, 1amp went out.-- Which of the’ following best expla:lns this hsppening? i

. - = l-‘.,"'
. ;' T : S PO . o .
- . - . AT ;

P L LT ey
d AR

. . : [
o . . .

-

. 7. vy noisy jet flying close to your home may produce ‘a rattle in the
. - _, dishes on ‘the. kitchen table, Which of the following best explains
\ L - such an occurrence? C v " .
R ) . ) . L
' (a) . The jet produces high and low pressure zomes. large enough to
. “create such movements. 3 R
’ _'(_b) ) “The jet prodices a high pressure zone large! enough to cause
. o esuch’ ‘movements. ;- . 0 - ,
RS () The jet produces a low pressure zone large enough to create
! . .such. movements, P - o
. - .t (d)’.; The jet forces air in the direction of the esrth sufficient to )
o L ' produce auch movements. o e .
f- . cl The best explanation is determined by _gp_Lly_ig_g_ théf concept: of shock o
' . | } o
waves. Shock wsves cause air disturbances intensive enough to cause
Ca - easily moved objects “to vibrate. T
e N : . L .
‘ . 8. Bill has taken a weekend with his parents to stay in .a small cabin




- (a) ‘The loud noise caused the lamp to 80 out. ’ ) Lo
) '(b) The - high and low pressure zones created by the bursting of the '
' . balloon caused the lamp to go out. . :
:(c) The movement of air particles from the lamp to the balloon o -
: caused the 1amp to go out, ] . e e
(d) .Air particles forced in the direction of the lanrp caused it to ” ‘
- g0 out. . ' . , : o : e
The best explanation ia determined by - applxing ‘the concept of shock
- wavesg, Sometimes shock waves are 80 intensive as to ‘create high and .
low pressure zones’ extreme, enough to cause small lights like lamps to, s
y . . Y ) .- - o K K . Lo L ‘,'
"go out." - . .. C . BN 3
0 . "', " . (;
. 9..‘ Which of ‘the following statements -about the reflection of ‘sound is s ’
true? : L N . S A ‘

(a) ,Reflected sound wavee are larger than the original sound waves. '

" (b) Reflected sound waves are smaller than. the original sound
waves, © . - :

.(e) iReflected sound waves travel faster than the original sound
waves. . - o » .

a R . . . - y

)’ Reflected sound waves are the sane ‘size a's-'the toriginal sound

waves. . .« . C T §
This item requires the student to- translate his/her conception-of .
" sound reflection into a form that allows him/her to make a comparison - R N .
~of the' magnitude of the orig_inal, sound waves and ‘the reflected. sound
waves, o e ) S _— e ~ ,
',-‘1,0.‘ Which of these statements is comrect? ST . s §
(a) ',All vibrating objects produce sound. C : S -~ '
o ('b)" AAll ‘sounds’ are prnduced by vibrating obj e’cts,. ' N Cu e S p
"(¢) An object that moves produces sound._ o \‘ Co L B :
‘() - Sound is produced regardleas of .the rate mf movement of some U R ;',"
e

object.:,uﬂ - e '
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‘ S 7 The correct choice requires the application of the concept of sound . )
T o produc‘tion.. The s'tudent must realize that whether]or. not sound 1s T S
) produced depends upon the frequency,of vibration .of an object. ,
o t, 11. _ Sea captains have somet:l.mes used sound to determine the distance )
SO - ‘ ) - between. their ship and the land during dense fog and during the
o e ) night. What characteristics .of sound vaves do you think these
. L csptains might have used to.find this distance? ot
: e ‘ ' S C-
) . (s) .Sound waves reflect from the shoreline and travel Iin the AR
Cow o . direction of the ship at a speed tulce the rate of - the b
C o 'or:iginal sound. - . Coe - T e -
. K - L - (b) Sound waves that reflect from the shoreline produce a sound ISP -
R : *  that is twice as Joud, as the original sound. _ o A
' : . a0 (o) Sound waves reflect from the shoreline and travel outward at . ",_ T ) ‘
S ‘v the same speed as the original sound. | : . . "'.
Co 7w (d) Sound waves which reflect from the shoreline trsVel at a - T <
Lo T : ~ slower speed than the original sound wavess | 1
This item‘requires .the a'pp_lieation ~'of ' sound reflection to a real .
) o situation. Since reflected sound travels outward st the same speed as
o ‘the original sound, the captain is able to use this information ,plus .
.7 ' :
: SR the speed of sound to find the disténce of his ship from the nearby’ . i
? * e shore. _“»' ) .'\'-
. 0'.' .. 12. Bees produce a_sound when'th‘ey' fly. This' sound’is created by the EETE TR K
o - . rapld movement of the bée's wings. Which of the following state— )
; N oL ments could you mske on the basis of this information? ’ oy ,
’ (a) -.The sound produced by “the bqe is. high pitched. ‘
. TY(b) The bee's wings vibrate faster- than most tuning forks. R
: ) (¢) - The vibration of® the bee's wings create a rapid train of L
T compression end rarefaction waves.: *. = .. . . o ) T s
L - ) :', (d) The bee 8 wings are too: small: to disturb the air. .
s L 3 oo In order to make the correct chnice, sound needs to be cOpceived i
[ . N . N .o, L .
Y, i . 4 lh‘
' C - ras a rapid succession s{:f compression and rarefaction waves. The student _
'). :‘.'\‘- et e , ~‘v.~ PR '," .' . ] ) 4') “ ' . ."’ \
5. v . 5 ‘- H ‘4' : " r' . i .
eyt = o Co P AL C SV e S
.1L‘ ) . . . ) . g . 't‘ , , . S . R 0 .
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needs to .re'ali.ze: thatnif 'the be,e'!el wihgs- ;ere ereating' a soonrl_, therr they
: most'. be Iprd'ducing"a‘ répi:i train o.f coopres'sion' and'rerefae'tion whpes..
Thus, the student must be. able to translate his knowledge of sound
E production in dealing with this particular {tem. -< -

iS_.- What effect does a vibrating tuning fork have'on air particles when
: it quickly moves to the RIGHT?

;5

e R ) oo (a'): It causes the air particles at the RIGHT to move together.— T

(b) It causes the air particles at the LEFT to move together. .
(c) ‘It causes the air particles at the RIGHT to move apart. '

" (d) It does not ‘cause any disturbance of air particles at the
R LEH- ' ’

»

S, This item requires the interpretation o‘f a vibrating tuning fork

o with respect to its influence -on surrounding air particles. As the fork
; .moves to the. right, it causes the air particles to the right: to move

-together and the air particles at the 1eft to move apart.
l4.. The £ llowing -dihgrani is taken from your book. It repreaento -
" ~~ichanggs. in alr “pressure after a tuning fork  has been struck.

_from the tuning fork to the ear of the observer?

(é) . AAir partielea move up and down as aound travels from the
: tuning fork to the observer. Ce

() Sound moves along a path similar to. the above clurve, as it |
e travela fron the tuning fork to the observer.

(e) Sound travels from the tuning ‘fork 'to" the- observer in the
o ,'form of a succession of ‘nigh and low pressure - -zones , '

(d)'t Alr. particlea travel from the tuning fork to, the ear of the
e o e observer as sound travels from the tuning fork to the obser-
R ver. : :

——— g —— | W,
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,h ! . ‘v .‘ S - ] . ‘ . . N . . ‘ . o
B LY .This item requires the interpretation of & diagram in terms of how -
g w . Y. ", . N . - . . .
5 sound travels from a source to our esrs- (ae & Bexries of high and low
‘ ;r 'pressure sOunds) - A
‘é; ' ‘v’/ : : f‘ : . f
i 15, The graph below indicates how a vibrating object disturbs alr
. - particles.
: i - ;. High Pressure o . : o
R : g
: ‘4 W ~‘NoTmal Pressure %f\ n\/ﬂk/J\ f\
;‘ LowPreasure‘ T ST
¢ : r .
: L Which of the following etatements about the above graph is NOT - ,
i - »correct?
t . K '(a).{ Point A 1s located on that part of the curve which indicetes 1
g _that air particlee are closer tdgether than nomally is the s
. ; _case, ) ‘ ' o B
s o E _ '(b)' Point B is located on that part of the curve which indicates . : ) "
_5' e _ o ‘that air particles are farther apart than normally is the P .
o 3 'caee.. ~ : - ‘
" (e) . Point C is located on -that part of the curve which indicates i
. i : that ,air particlee are - closer together than A.. .
i (d) Point B is located on that part of the curve which indicates R 7 K
| that air particles-are farther apart thanat A, - .. _ - %
o A
& : . ) This i.tem tequiree the integgretation of a graph
‘ t . . . ' X . - T
RS _;__"repreaenmti:o : € closenees of alr .particles. ,
M B . . . R
b 1l6. What is the frequency of an object that nakes 30 complete vibra— ‘
i ' tioms in ten seconds? e . S oo o
oot '. T i c -
) f » (a) 3 vibrationa p_er aecond.
R . L . : . . .
N _ - (b). .10 vibrations per aecond. o o
L ; . : .
s T T (e) 30, vibrag.ons per second.
L - ’ SIS . r -
e Et T - () 1/3 vibration per second.
S C : The above item requires the ap_plication of the concept of frequency .
P B R v
.?IE. Co . . in determining the frequency of an object, given the appropriate infor- )
G\’ PR ’ . . TR _" . -' R v PR
velo e g'n)at:l'.on,.,. : ’ T .
'?:ﬁ‘-gv-'”.~-“~ l . -
UL )
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. 17. If you could change the vibration of an object, what would y‘ou do :‘, o § , . .

' ~'-to make it produce a higher piteh? S A S
L (a) Deerease the rate of vibration. ) .
(b) Inerease the rete of vibration. L / PR “.1': ‘ _ B ‘
.(c) Keep the rate of vibration the same. -. ‘ L e B K - N
, A (d) Decrease the size of vibration. . “ ] k e ‘
| . | . ‘ ’ A " X . ) ;’ . . 'l_ N l_ _.’ . . . ) ‘...-" . ‘ . :v.."" ."I. 'a-:‘ ot . ”. :';
foL X ' j']'.n correctly \completing the above‘ item, the student must have ‘
. o~ e c0mprehended the concept of pitch. He/ehe must'be. ‘aware,. of’ how the'} Lo
. rate of -vibration effects pitch, - :
ol According to the above classification. the "Sound" test consists < e
Y. . NN .o ce 'l“ "‘. ‘:'_ ‘\“ ) i : T
. S of items vritten pri:marily at the application level ‘Like the ."Pl'an’t" L s
_teat, this test exanines at: a higher '1evel than the correaponding teet LT

- developed'by the classroon teachers. R ' : T —
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