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ABSTRACT

Many students find abstract subjects such as physics and
chemigtry difficult to learn, and there is reason to believe that
part of this difficulty is associated with the students’

‘cognitive development. Curricula could be designed and delivered
to match the student’s cognitive level of functioning, but would
that promote the intellectual development of the student? Before
new curricula are designed and introduced, the existing programmes
should be examined.

The purpose of this study was to determine whether there was a
change in the level of formal-operational reasoning of transiticnal
students as measured by a test, who were in a nine month academic
programme, and whether this change was independent of the
programme of studies which the student was taking.

The change in the formal-operational reasoning of the
students was measured by a pre— and post-test which was assembled
for this study. The name given to this test has been "Formal
Operation Aptitude Test”, and will be referred to as FOAT. This
author modelled the FOAT after an instrument developed by Anton
Lawson (1978).

The results indicated that the students’ level of formal-
operational reasoning as measured by FOAT does change, and that
this change is not independent of the programme of studies which
the student was taking. Students in both the 00- and the 01— 200
level courses showed about the same degree of change if their

combination of courses were the same.




CHAPTER I

DEFINITION ARD SCOPE OF STUDY

Many students find abstract subjects such as physics
difficult to learn, and there is reasocn to believe that part of
this difficulty is associated with the student’s intellectual
development as described by Piaget and Inhelder (1969).

According to Piaget’s theory, the formal stage of intellectual
development starts at 11~ to l2-years of age and the individual
becomes fully formal at age 15-16.

There is experimental evidence that individual differences
in cognitive development exist in a group of students of the same
school grade and with similar background (Herron, 1975; Lawson
% Renner, 1975; McKinnon & Renner, 1971). Renner (1976) cites
research showing that 50% of Oklahoma’s entering college freshmen
and 66% of its high school seniors still occupy the concrete
Operaticnél stage. Sund (19768) reports that fewer than 50% of
the adults in the United States ever reach the formal operational
stage of thinking. Research has also shown (1) that formal-
operational students achieve more than concrete-operational
students when taught formal concepts, and (2) that formal-
operational students learn more, even when the lessons are over
concrete concepts {(Cantu & Herron, 1978).

In November of 1980 many students in grade 11 in Manitoba
participated in the Science Assessment Programme. The science

tests were designed to assess knowledge, understanding, and



:kjllﬁ in order to provide an indication of students performance
ghiit® 7
for a aumber of curricular areas of science. The tests were not

desigﬂed for the assessment of specific courses.
Y

The overall conclusions for the grade eleven students based upon

this assessment were:

1) that performance was more than satisfactory on nature of
science and on application of science content (with the
students scoring an average of_TS% on these test items);

2) that performance was satisfactory on higher cognitive
level thinking and on processes of science (with the
students scoring an average of 44% on these test items);

3) that performance on safety and laboratory technique was
less than satisfactory (with the students scoring an

average of 55%), as was knowledge and comprehension of

science content.

The Manitoba Department of HEducation released a pilot

programme guide for physics 200-300 for the period of 1982-83
with the following as part of its ratiomnale:

An increased amount of information and debate about the
effects of science and technology upon the environment
and society has led to changing perceptions concerning
the potential role of science in society and of science
education in preparing students for the future, In
addition, continuing research rvesulting in new
perceptions of the needs and abilities of high school
students has necessitated a review of the purposes,
emphases, and design of science programming. As part |
of the review, the XK-12 Science Working Party surveyed
high school physics teachers and reviewed the
literature related to education in physics.

Information obtained by the Working Party indicated
that the following factors in the design of the physics
curriculum should be adjusted:

1) the number of recommended topics should be
decreased in order to provide a more flexible




program;

a review of the nature and need for articulation

with post-secondary institutions should be

conducted in order to provide a clearer
definition of how physics education in high
school can prepare students for potential futurve
vocations;

3) some emphasis upon the vrelationship between
science, technology and society should be
introduced into the program;

4) the level of the program should be related to
presently understood knowledge of the
developmental levels of students (1982, p. 2).

BN
"

The statements made in the aforestated rationale are

ambiguous and do not correlate well with the conclusions from the
gcience Assessment Programme. For example, it was concluded that
the knowledge of content is already poor, and yet a Department of
Fducation Curriculum Committee (Science Working Party) recommends
that the number of topics be decreased to allow for more
flexibility in the programme. While this Fflexibility is not
defined, the Science Working Party calls for articulation with
post—secondary institutions and for a clearer definition of how
physics education in high school can prepare students for
potential future vocations. With a clear definition of how
physics education in high school can prepare students for
potential future vocations, and articulation with post-secondary
institutions would indicate less Tlexibility within the high
school programme.

The flexibility which the committee is referring to seems to
be related to the topics which would be covered, and these topics
would be determined by the vocation which the student has chosen
or by post-secondary institutions. This would indicate that the
programme would be less flexible within classrooms and from

student to student? If the programme is flexible in the topics




;to be covered, will the level of the programme also be related to
the developmental levels of individual students?

The committee has stated that the level of the programme
should be related to presently understood kanowledge of the
developmental levels of students. Experimental evidence
indicates that individual differences in cognitive developnment
exist in a group of students of the same grade level. Which
1evel should the programmed be related to, or should the students
be placed in classes based upon their developmental skills?
should the programmes of study enhance the intellectual
development of students? The committee is vague on these points.

It the enhancement of intellectual development of students
is what is really important, then the stages of development
themselves are not as important as what happens in the transition
from one stage to another. Before we can develop procedures
which can be used to enhance the intellectual development of
students, we must determine whether these procedures exist, and
identify them. In reviewing the literature, there appears to be a
lack of studies which have addressed the intellectual development
of students during a full school year.

A study done by Cantu and Herron {1978) led to the following
conclusions:

No matter whether concrete or formal concepts are
being taught, one should expect the achievement of
formal—-operational students to be greater than the
achievement of concrete—-operational students.
veoesssee.We believe that no teaching strategy will
eliminate the difference in achievement observed
between concrete—~ and formal-operational students, that
many important ideas of science require formal

veasoning for total understanding, and that, because of
this, we should continue our efforts to develop




RRRRER

procedures which can be used to enhance the
intellectual development of students.

The introduction to the pilot programme guide seems to be

iﬂdicating that physics will become a course which will train
'Students for a vocation, and that the flexibility will be
determined by the vocation which the student has chosen. While
the future vocation of a student is important, it would seem that
’the role of the school should be to promote the intellectual
development of the students. The flexibility within the
curricula should be orientated towards the students’ cognitive
needs.

1t just might be that the way neurons are connected might
play a part in determining how well the mind will function.

These networks of connectiong would be developing as impulses are
processed by the growing infant brain, and the neural network
would become better established the more they are travelled. It
Just might aiso be that the strength or weakness of these
networks may determine the level of certain mental abilities.
With the amount of information from research on brain
function and development being made available in recent vears, it
would seem only logical that any study on cognitive function
would be done with these studies in mind. The research done by
the neuroscientists can be described as either "top down”" or
"bottom up". The "top down" refers to the study of the brain as
a whole, while the "bottom up" refers to the study of the single
brain cell. There is disagreement as to which of these
procedures will ultimately demonstrate the "processes” of the mind.

Actually both procedures are involved and it is for this reason

(]



fhat a brief summary of the literature on both the "bottom up”

and the "top down" processes is done in chapter 2.

Purpose

The purpose of this study was to determine whether in a
ninewmonth period there was a change in the level of formal-
’operaticnal reasoning of secondary school age students, and
whether there was a correlation between the amscsunt of change in

the level of formal-~operational reasoning of secondary school agde

students and the courses which the student was taking.

There were two problems to this study. The first problem was

te develop an instrument which would: (1) measure concrete- and
formal-operational reasoning; (2) be feasible for administration to
classes of secondary school age students in a relatively short
period of time:; and (3) be easily scored. The second problem was
to determine: (1) whether there was a change in the level of
formal—operational reasoning in these students; and (2) whether
there was a correlation between the amount of change in the level
of formal—-operational reasoning and the courses which the student

was taking.

.

fd

Limitation:

5 of

i
{

There arve certain limitations inherent in a study of this
type. The results and therefore the conclusions of this study
depend upon the accuracy of an instrument which has been
developed for this study.

The students wrote a pre~ and a post—test separated by nine

months, It was assumed that since nine months would separate the




. and the post-test, that the students would not improve in
p

;
3
|
1
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!

their score simply because they had written it before.

There could be no prior knowledge of the make—up of the

{gtudeﬂt population and therefore there was no guarantee that the

 samP1e gsizes would be large enough for statistical analysis.



CHAPTER 11X

ASSESSMENT OF COGNITIVE LEVEL-

A REVIEW OF THE LITERATURE

what is intelligence? Despite the vast interest by

pgychoiogiﬁtg in intellectual ability and i1ts measurement, there
has been little agreement about defipition. The nature of
intelligence has been debated continuocusly and definitions of it
have undergone change as new information has been acquired. Even
though there has been little agreement upon the detfinition of
intelligence, measurements of intelligence are continucusly being
made.

In 1905 Alfred Binet and 7. Simon, cemmissioned by the
minister of public education in Paris, devised the firsti
gsuccessful test of inteliectusl ability, called the "Metrical
Scale of Intelliigence”. Composed of thirty problems in ascending
order of difficulty, its goal was to identify children who were
likely to fail in school, =0 that they could be transferred to
special classes. Systewatic comparisons were then made between
normal and mentally retarded children. Later revisions of the
test in 1908 and 1911 were based on the classvoom observations

of characteristics that teachers called "bright” and "dull" as
well as a considerable awount of trial-and-ervor adjustment.
Scores obtained on the revisions agreed strongly with teachers’
ratings of intellectual ability.

One fTocus of concern about intelligent behaviour has




olved around the question of whether it is inpate or learned.
v >

n dominant view until the late 1940°s ewphasized innate
e domi
actors. Underlying this view was a belief that intelligence was

particular level and that it was predetermined by

K

iwed at &
heredity (Hunt, 1981;.

’ Theorists who view intelligence as a general attribute refer
o it as the ability to learn; the capacity te adjiust or adapt to
ﬁe environment, especialy to new situations; or sometimes gimply
to all of the knowledge a person has acquired (Robinson and
Robinson, 1985).

Major theorists differ as to how much of developmental
éhange stems from experience with the environment and how nmuch
tems From maturation guided by genetic inheritance. Piagel sees
the child’s cogunitive adaptation in terms of two basic processes,
assimilaticn and accommodation. Assimilation is a process
whereby the child interprets reality in terms of his or her
internal model of the worlid constructed from previocus knowledge.

o

Accommodation is the ceomplementary process of improving one’s
model of the world by adiuvsting it to external reality (Filavell,
1877, ». 7). Over the past B0 vears Piaget has written a great
deal about the sssegsment of coegnitive level., With the increase
in awareness of a need to adapt curricula to the developmental
levels of students, the need for reliable and valid measuves of
those levels has also increased.

Because this study is concerned with concrete to eavly

1 reasoning ability, the review of the literature on

formal

assegsment studies and training studies was restricted to those




which related to the period of the adolescent’s reasoning at the
junior and senior high school age. The review of the literature
on neurcscience was on both the single cell and hemispheric

studies.

Assessment Btudies

The Karplus Islands Puzzle (Karplus & Karplus, 1970) has
received widespread attention because of its apparent
relationship toe Inhelder and Piaget’s measures of operational
thinking. Researchers and teachers also want to bypass the time-
consuming clinical interview technigue for a pencil-and-paper
test which can be group-administered.

While the HKarplus Islands Puzzle mayv measure deductive
iogic, evidence (Blake, Lawson, and Nordland, 19786) indicates
that i1 is not measuring the same abilities as measured by other
tasks such as bending rods, balance beam, and cyvlinders. Blake,
Lawson, and Norvdland (1978) advised against the use of the
Talands Puzzle as an instrumenit to assess Plagetian operaltions or
to charvacterize apn individual’s cognitive level.

One of the major problems with pencil-paper—~tests must be
the rveading level of the student who is taking the test. Haven
(1973), in the test Raven’'s Test of lLogical Operations {(RTLOY,
provided assistance to the students when they experienced
difficulty in reading. The problems in the BTLO were presented
in pictorial form with a brief qguestion following. The resultis
indicated that the RTLD items measured the logical operations for
which they were designed.

Harris (1974) designed and validated a pencii-and-paper test

10




against the clinical interview technigue with junior high
etudents, This test consists of a serieg of illustrations which
show rvods bending under a variety of circumstances. EHach
illustration is accompanied by aquestions. Coulter (1978), in a
gtudent ---- curriculum mismatch study, utilized the Hodg test in
evaluating the grade 10 students in his gtudy.

Shaver and Wharrvy (1875) developed a fTormat which created a
clinical situation and allowed many students to be tested at the
same time. Demonsirations were conducied infront of the class
and questions were then asked. The students responded to the
guestions in a student record book,

Lawson (1978) responded to the Shaver and Wharry study by
stating that a sufficient variety of formal level problems were
not developed. Lawson adopted this method and expanded the
number and variety of problems used in his donstrument. The itens
which were sgelected fTor inclusion on the test regquired the
iscolation and control of variables, combinatorial reasoning,
probabilistic reasoning, and proportional reasoning. Lawson also

e

included one itew involviang conservation of weight, and one item
involving displaced volume. He felt that these items had been
used extensively in clinical interviews and had been found to be
good indicators of late concrete and early fermal operational
reasoning.
The major ccnclu@i&& of Lawson’s study was:
wesveor.. that the same psychological parameters
measured by classical Piagetian interview tasks were
measurved by a series of classroom demonsiration test

items with a fairily high degree of reliability. The

demonstration test iltems were easily administered to

entire classes of students in a short period of tinme

11




and quickly scored.

Training Studies

Fiavell (1963%) describes Piaget’s stage of Tormal thought
as:

... not =mo much this or that specific behaviour as it
is a generalized ovientation, sometimes explicit and
sometimes implicit, towards problem solving: an
orientation towards organizing data (combinatorial
analyvsis), towards isolation and control of wariables,
towards the hypothetical, and towards logical
Justification and proof. (p. 2Z11)

The development of problem-sociving processes is of the
utmost imporitance to educators. The findings that formal thought
is normally demonsirated by only about 50% of the subjects in
moslt adolescent and even adult samples in studies in Canada and
the United States (Renner, 1876; Sund, 1876; Herron, 18975; Lawson
& Renner, 1975: McKinnon & Henner, 1871) suggests a verv real
educational problem, 1f one of our goals is for the students to
develop formal thought.

The acquisition of formal operational schemata is of

4

considerable importance to the science teacher. Embedded within
numerous phvsical and bioclogical concepts and principles such as
air pressure, the chemical law of defipite composition,
diffusion, gravitationsal aﬁceleratian; Sunell’s law of refraction,
and photometry, is the understanding of proportional
relationships. The formal operational schemata not only playv a
role in student understanding of important science content, but
also play a major role in the process of scientific

investigation,.

Piaget’s theory does not imply that maturation of the

fand
]
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|
|
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nervous system is sufficient for the development of formal
thought. If this were the case, then the majority of the pecple
would need to only sit and wait for the arrival of the formal
level of thought. It could well be that people who are at the
‘level of concrete operations are not naturally exvoszed to enough
experiences of cognitive conflict. fThe opportunity for them to
accommodate their cognitive structures to the high level of
formal operations has not existed for them. For these people,
concrete-operational thought is more than adequate for daily
living. Training programmes, and indeed education currvicula,
then should not be viewed as to accelerate intellectual
development as mentioned by Inhelder and Matalon (1960).

Hather, these training programmes and 6ur aducation programmes
are there to aveid what wmight be called "stage-retardation”
{Lawson & Wollman, 1976).

A number of recent science curriculum developmenit projecis
(e.g., Project S0AR, J¥W Carmichael Project Director, Xavier
University, New Orvleans; Project ADAPT, R. Fuller Project
Director, University of Nebraska, Lincoln; Project DOORS, Thonas
Campbell Project Director, Illinois Central College, Hast Peoria;
Project DORIS, Frank Collea Project Director, California State
University, Fullerton) have been initiated with the explicit
objective of increasing students’® ability to employ scientific or
"formal reasoning strategies. The assumption undeviving these
projects is that an increased ability to utilize formal reasoning
strategies will not only enhance problem solving and achievement

in the natural sciences but will improve performance in other

13




academic pursuits as well. While Ausubel argues that =zuch
genevral advances in problem solving are upgattainable:
Enowledge of scientific method, in other words, tends
to be discipline-gpecific and cannot be learned apart
from the content of the discipline, and once learned it
cannolt be transferred fo discovery learning or problem-—
gsolving in other disciplines. (Ausubel, 1979},
another study, which looked at the correlation among the formal
reasoning measures and achievement in various subject areas,
demonstrated that formal reasoning is related to general
achievement and not achievement in science and mathematics alone.
(Lawson, 1982
Lawson and Wollwan (1978) did a study inveolving both grades
seven and five children. The purpose of this study was fo
encourage the transition from concrete to formal cognitive
functioning. The Longeot examination was used as the measure of
nonspecific transfer of training. It has been shown in other
studies that the longeot examination has been an effective

3

ingtrument to measure general levels of conecrete- and formal-
oyérafi@mal thought (Lawson & Blake, 19786; Wheehan, 1970). EBach
student in the experimental group met with an experimentsr fTor
four 30-minute individusal training sessions. The messions were
conducted over a period of approximately two weeks. The
researchers concluded that while the training was effective in
promoting fTovrmal thought with regard to cue aspect of formal
reagoning, 1t was limited in extent.

Shyeré and Cox (1978) did a training study for the
acquisition and transfer of the concept of proportionality in

remedial college students. The study was done during the third

weel of an eight-week introductory sgsummer session for remedial

W
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students. Delaved posttests were given during the seventh week,
The researchers concluded that in the short~term training study,
transfer appeared to depend more on the presence of identical

elements than on the presence of identical structures. Two tasks

of direct proportion not invoeolving identical elenents were seen
by the subjects as being independent.

Lawson, Blake, and Nordland (1875) did a study where 30 high
school studenite attended Tour ifraining sessions which involved
both instruction and experience wiith apparatus. The conclusions
were that the students improved in ability te do a problem taught
in the study, but zhowed no gains in ability to contol variables
when presented with a new problem.

N

Case and Fry (1973) did a study which involved the training
of 15 high school students to controel wvariasbles. Their programnme
consisted of twelve 40~minute training segsions which involved both
written materials and apparatus,‘ UOn tasks which were similar to
those in the training sessions, the subjiects performed
asignificantly better. The subliects were not tested on less
familiar tasks,

Thege situdies suggest that programmes which aim to teach
soientific reasoning will be most zuccesgsful if they emphasize
recognizing and organiziag relevant information rather than if
they simply emphasize a particular strategy such as "make all
other things egual® to controel variables. (Levine and Linn,
18%7).

There appears to be a definite lack of training studies

which span a school vear and which are part of the school




curriculunm. If the cognitive Tunctioning of a person is a
measure of brain development, and if the experiences which a
paersoen ig living ave affecting the development of their brain,
then time must be given for some changes to vccur within the
brain. We doe not know if these changes are specifically chemical
in nature, at the level of the single neuron, or at the level of
the hemisvheres communicating,

It science concepts are to be learned, not Jjust memorized,
then the student must be in a programme which allows the student
to assimilate the infermation around him. This assimilation must
take some time and therefore would indicate that training
programmes must be longer than a few days or a few weels,

e

iz

rogcience

i

Lateralization of Cognitive Functions
It ig now well documented that our breain has two very

differently functioniong hemispheres {Blume et al., 1873; Bogen,
196%a, 1969b,; Diamond and Beaumont, 1974; Fedio and Weinberg
1971; Gazzaniga, 1970, 1875; HKinsbourne and Smith, 1974; MCNeil
and Hamre, 1974; Miiner, 1871: Nebesg, 1974; Ornstein, 1877; Risse
and Gazzaniga, 1978; Schmitt and Worden, 187Y4: Segalowitz and
Gruber, 197%; Sperry, 1973).

. In normal right-handed adults the different hemispheric
functions can be summarized as in the following table (Rose,

1979)

is




Left Hemisphere

analytic
verbal

linesar
rational
logical
propositional
abstract
seguential
convergent
deductive
temporally linesar
symbolic
exclusgive
singular
causal
realistic
mathematical

The left hemisphere is spec
logical, linear, and sequential
related. This 18 the centre for

The right hemisphere is speciali

spatial, holistic, and intuitive
information and is responsible T

imagination. The right hemisphe

simple landuage.

styie, and there is a relationsh

development, lateraligation of c

development as descyibed by Jean

Some authors feel that as t
thinker he is becoming left hemi

At about age 12, most
logical conformity, th
He/she will have given
explanations fTor
In other words, the st
hemisphere dominant.

Several studies have demonstrate

Fach hemisphere has

those

Right Hemisphere

synthetic
visuo~spatial
holistic
intuitive
analogical
appositional
imaginative
simultaneous
divergent
inductive
temporally cyclic
visuvally imaginative
inclusive
multiple
coincidental
idealistic
artistic

ialized fTor analyiic, verbal,

tasks which are abastract and time

verbal and mathematical tasks.

zed for synthetic, wvisual,

tasks. It processes nonverbal

or visual imagery and

re is mute but can comprehend

a specialized cognitive
ip between both brain
ognitive functions, and cogniitive

Piaget.

he student becomes a formsl
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a left hemisphere function (Gazzaniga and Sperry, 1987; Hermelin

|
and 0’Connor, 1971; liberman, 1972; Penfield and Roberts, 1959;

!
Rasmussen, 1964: Searleman, 1977; Subirana, 1961, 1964; Trevor-

3
i
Roper, 1970). Samples relates the language as a left hemisphere |
!
2
function to Piagetian development when he savs:

The result is that to become expert in the logical |
manipulation that is necessary to engage in Piagel’s
formal operations stage, one must become expert in

language usge. (1977, p».B89)
& study done by Billiong (1978) supports this theme. They
investigated the differences in hewmispheric brain activity of

concrete and formal operational persons. Lateral BEEG recordings

were made while the subjects performed seven tasks. The last

three tasks used were Plagetian tausks. These were conservation

of volume, control of variables, and a logic problem.

Their results indicated that formal thinking persons were

relatively more left hemispheric in their cognitive functioning
than were concrete thinking persons. This was especially true in
the two formal tasks, control of variables and logic.

Another study which agrees with Samples 1s Lawson and
Wollman (1875). The design of this study was based on the
assumptions that visual ipput from the lefti eve will reamch the
lteft visual cortex before it reaches the right visual cortex.

This is because the neural pathways are shorter from the left eve

to the left visual cortex than from the left eve to the right
vigual cortex, thereby giviang the left hemisphere priovrityv. The
authors also put forward the idea that eve dominance is caused by

hemisphere dominance.

18




They hypothesized that:

the Tunctioning of the brain’s left hemisphere, because
of its logical, verbal mode, facilitates conservation
reasoning while fTunctioning of the brain’s vight
hemisphere, because of its nonverbal, spatial mode,
inhibits conservation reasoning., (1975, p.3)
Therefore, left-eyve dominant children viewing the material with
their left eyve only (LL) will demounstrate a greater frequency of
conservation responses than right-eyve dominant children viewing

the material with their right eyve only (HR). 1t was also
hypothesized that left-eye dominant children viewing the
materials with their right eve only (LRE) and the right-eye
dominant children viewing the material with their lefi eve only
(RL) would demonstrate an intermediate frequency of responses.

The predicted sequence of LL > LR = RL > BR was found, and
the LL and HR group differences were significant. They concluded
that intellectual development in the Piagetian sense is largely a
funcition of the left hemisphere’s verbal and linear functioning
and its ability to dominate the right hemisgphere’s more sgpatial
and helistic mode of operation.

There is a vast amount of research which disagrees with the
idea that Piagetian development refers to the left hemisphere
only. Galen (1972) dewmonstrated the utility of HEG as an
indicator of lateralized cerebral activation during the
performance of cognitive tasks selected for their demand on left
or right hemispheres. In this study, a 13-year old girl who had
"outgrown™ a mild dyslexia showed a failure to shift hemisphere-
dominance in relation to task and also failed to show more normal

oscillation of dowminance activity during task performance.




The keyv to cognitive development is intervhemispheric
communication, which is primarily a function of the corpus
callesum. The desired developmental goal is the ability to
recognize and use the mental mode best suited for a specific
task, uvtilizing information stored in both hemispheres. At the
formal operations stage, the corpus callosum must be capable of
rapid communication.

Olson (1977) found that gifted children who demonstrated
formal operational thought used their lefi hemisphere or right

vigual Tield for verbal guestions and their right hemisphere or

left wisual field for spatial questions. This sorting did not
poecur with students who were at the concrete sperational stage.
The concrete operational student used their right visual field
{(left hemisphere) predominately on all tasks.

Kraft (1976) lends strong support to the theory that
Piagetian development includes both hewmispheres and the corpus

callosum., She investigated lateral asvmmetry in children’s

hemispheric brain functioning during performance of Piagetian and

curriculum related tasks by measuring lateral EEG activity during
the performance of those tasks. The 18 children involved in the
study were right handed and between the ages of 6 and 3 vears,.
The Piagetian tasks that were used were itwo conservation tasks
and two time-related tasks.

From the data she concluded that the Piagetian tasks which
had initial visuo-spatial components during the stimulus period
tended to elicit rvight hemispheric activity during that period.
If the task had verbal or logical components during the

subsgsequent vesponse period, then left hemispheric activity tended
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¥
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These results demonsitrate a dissociation of verbal and nonverbal

memory mechanisms which suggests that delaved interhemispheric

transgfer of a functional sensoryv message is highly

3

Memory has been encoded independentiy of the

Epastein {1974a, 1974b, 1978) has found that there are growth

spurts duving brain development. He hypothes

improbable.

ianguade mechanism.

i7e

\,
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growth spurts are periocds of maximum cognitive potential, and
that these growlh spurts intervals correlate closely with
Piaget’s developmental stages. These growth spurits occcur during
the age intervals of 3 to 10-months, and from 2 to 4, & to 8, 10

»

to 12, and 14 to 16-vyears of adge. Except for the first and last

intervals, the relationsghip with Piadetian sitages is clear. The
growth spurt from 2 toe 4 coincides with the transition from
gsengorimotor to precperational, the spurt freowm 6 to 8 coincides
with the transition Trom preoperational to concrete operational,
and the growth spurt from 10 to 12 coincides with the transition
from concrete to fTormal operational. Arliin (1975) has proposed
that there is a fifth Piagetian stage, one which appears at about
the age of 14 to 16 vears.

The bagic intercellular interactions which initiate and
sustain myelination remain unknown. Even the initial cendition

for myelination is little understiocod.

Neurcn Development

The function of glial cells during development, once
congidered important only during myelination, are slowly becoming
more fully apparent. For example, the importance of microglial
response to death of neurons has assumed a greater sgignificance
gince the ubiguity of nerve cell death during normal development
has become known (Jacobson and Baker, 1989; Jacobson, 1970a,
1970b; Cowan, 1973). The role of astrocytes is gtill puzzling,
but it is now thought that one of their speciaslized functiouns

during development is to gulde some neurons during their outward




migrations from the germinal zones to their final resting
positions in the cerebral cortex and cerebellar cortey {Bﬂuid@r
Committee, 1970; Barry aond Rogers, 1985; Barvy et al., 1964a,
1964b ).

It is wery likely that glial cells function in a similar way

in other places where young neurons have fo migrate through a

complex terrain. Recent evidence indicates that glial cells are

a source of nerve growth factor (NGF). The Tact that glial cells

can be substituted for NGF te maintain neuronal growth in vitro
indicates that glia are a souvrce of NGF or a similar substance
(Burvham et al., 1972; Varon et al., 1974a). Neuronal growth can
be supported by glia without the addition of NGF to the tissue
culture medium, but NGF alone is unable to sustain the growth of
neurons cultured in the absence of the glial cells (Veron =t al.,
1974a; Monard et al., 1975). That NGF antiserum inhibits the

effect of glial cells on neuvronal outgrowth indicates that the

effect is mediated by NGV (Yaron et al., 1875h7.

NGF plays an essential role in stimulating the growih of

developing axons from neurons of the

sensory ganglia and
sympathetic ganglia. Stimulation of axonal growith toward a
source of NGY has been demonsirated in tissue culture

(Chamley et al., 1973; Ebendal and ¢. 0. Jacobson, 1976). 7T

e

Yot

1
suggests that NGF may lure axons toward their tarvgets during
.normal development.

NGF has the function of stimulating axonal outgrowth and
probably attracting nerve Tibres to their targets during

development. 1t probably continues to regulate the number of

terminal branches of adrenergic nerve fibres throughout 147
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This appears to involve

increased NGF production by the target

gprouting of adrenergic

e

of NGF results in a reduced density of

adrenergic neurons.
Several conditions

number of glial cells.

observed in the brains of mice and raits reared in an

envirenment” (Altman and Das, 1964,

Krech, 1972). Beveral

increage in the number of glial cells.

cells has been observed

after their axoens have been cut (Cammermever, 1983

a tissue homoeovsgtatic mechanissn in which
organ stimulating
systhesis

nerve terminals, while reduced

the terminal plexuses of

are associated with an increase in the
A proliferation of glial cells have been
"enriched

Diamond et al., 1964, 1968,

other conditions are asgsocoiated with an

Proliferation of glial

around neurouns undergoing chromatolysis

J. Bjostrand, 1985, 1968a, 1966b; W. B. Watsoen, 1985, 1974;

Chow and Dewson, 1988).

around moroit neurons in

reported alfter greatly increased motor activity.

An increase in the pumber of glial cells

the spinal cord of the mouse hasg been

Dehvdration of

rates results in an increase in the proeliferation of glial cells

in the hypothalamus (M.

Murray, 1968).

Studies of the effects of sensory stimulation and

deprivation on development of

doubt that long—lasting <
{Volkmar and Greenough,
Greenough et al., 1973).

Visual deprivation

and Hubel, 1974; Hirsch

1973; HKelly and Van Essen, 1974,

dendrites and svnapges leave neo
changes ovccur as a vesult of experisnce

1992 Greencugh and Volkmar, 1973; and

studies (Sherk and Stryvker, 1976: Wissel

and Leventhal, 18786; Van Essen and Kelly,

Rakic, 1977: Wiesel and Hubel,
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1965, Hubel et al., 1875; Hubel and Wiesel, 1974; Hubel and
Wiesel, 196Bb) give conflicting reports of the proportion of
visual cortical cells in the cat and monkey that have normal

functional properties at birth or develop normally in the absence

of wvisual stimulation. These conflicting results mayv be resolved

by the findings that some cortical cells retain their orientation
preferences while other cells appear to lose them in cate that
have been raised in the dark for up to a vear after birth (Hirsh
and Leventhal, 1976). In such visunlly deprived cats sowe of the
gsimple type of cell, which receives X cells inputs, reftain
orientation selectivity, while the complex type of cell, which
receive ¥ cell inputs, has orientation preferance. The effects
of wvisual deprivation on the visual cortex are largely or
entirely on the pyramidal stellate cells. This can be correlated
with the observations by J. P. Kelly and Van Kssen (1974) that
pyramidal cells are complex cells while gstellate cells are simple
cells. There is considerable evidence that the pyramidal neurons
receive input from Y cells while the stellate neurons receive
input from ¥ cells (J. Stone and Dreaher, 1973),

The majority of the striate cortical cells in the monkey and
rat are binocularly driven. Most of these binocular cells are
dominated by one eye., Using auvtoradiography after inmjection of
[38] proline into one sve in a series of newborn kittens at
different ages, segregation of the geniculostriate fibres into

columng can be demonstrated. Cells with the zame ocular
dominance are arranged in walls or columns about 500 um wide and

several millimetres long, alternating with the columns of

cortical cells dowminated by the other eve. Ocular dominance

26
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columns in the striate cortex of the cat develop gradually from 2

-4

to 186 weeks after birth, but appear to be fully formed at the
time of birth in the superior colliculus, in the rhesus monkey,
ccular dominance polumns starit appearing more than 3 weeks before
birth in the superior colliculus and striate corvtex (Rakiac,
1977y, Those in the superior colliculus of the rhesus monkey

appear to be fully developed at birth (Rakiac, 1977), but those

atally, and are

in the striate corteyx continue developing posiwn
then vulnerable to monocular visual deprivation.

The effects of monocular deprivation are known fo be
different from those of binocular deprivatiocn. The fype of
deprivation mav also affect the result. After binocular suture

3

of the evelids of the kitten fTor the first 3 months after birth,

most neurong in the visual cortex rvespond to wisual stimulii, and

more than half of the neurons are quite normal (Wiesel and Hubel,
1965, Monocular lid suture for 2 or 3 months after birth
results in a significant reduction of the cells in the siriate
cortex that can be driven by the deprived eve. Those that can be
driven by the deprived sve have very abnormal receptive fields.
Monocular wvisual deprivation of monkevs Trom birth results in an
increase iﬁ width of the cortical ocular dominance columns of the
normal eye and a proporitionate decrease in width of the ocular
dominance columns of the deptrived eve (Hubel et al., 18975).
Developument of occular deminance columns and orientation columns
occurs in animals deprived of visual experience in both eves

{Hubel and Wiesel, 1974), and it is only when visual deprivation

ig monoccular that the columns develop abnormally. It seecms
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that, for each neuron, the dominant eyve has taken over. The

effect i

o

s not due to wvisual deprivation but to lack of
correspondence or cooperation between the two eves. A similar
effect can be produced by placing an opaque shield over the left
or right eve on alternate days (Hubel and Wiesel, 1985b: Blake
and Hirsch, 18758).

The effects of selective visual stimulation on grientation
selective neurons have been done on kittens (Hirsch, 1970; Hirsch
and Spinelldi, 18970, 1971:; Leventhal and Hirsch, 1975,

Strvker et al., 1978). The results suggest that some neurons arse
inherently predisposed to develop vertical or horizontal
orientation gelectivity, while others reguire appropriate visual
gstimuiation.

The ability of the system to recover from deprivation
diminishes with age. For example, the cerebral lateralization of
functions such as language is alrveady present at birth in man,
but recovery of function ovccurs after removal of or damage to the
dominant cevebral hemisphere provided that the damage cocurs
before the age of 3 or 4 yvears.

It is clear that there are critical periocds of development
in birds and animals. The critical period is falirly specific for
ench form of deprivation in a particular species. it seemsg that
at present, wvirtuaslly nothing is known about the mechanisms by
which the critical conditions produce changes in the development
of nerve cells that result in permanent changes in neuronal

functiocns and behaviour.
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Piagetian and Brain

lopm

Piaget’s theory outlines four major periods of mental
development: sensory-motor, preoperational, concrete
operational, and formal operational. The order of these stages
is a constant and each stage is necessary for the dewvelopmeni of
the next stage. PBach stage is not a static level, instead the
child progresses through them in a continuocus manner.

The sensorv-moltor periocd lasts from birth until

approximately 2 vears of age. During this time, important

changes occour within the structures of the brain. Hewitt (1882)

hasg found that at birth the corpus callesum is structurally and
functionally incomplete., Communication between the hemispheres
does not start until arvound age 2 years. Thisg means that duving
this period the child ig functionally "split-brain®

{(Gazzaniga, 1970, pp.131-134). Myelination begins in the ventral
roots and in the ventral and lateral tracts of the spiluval cord,
and then extends in a rostrocauvdal direction, with the ¥irst
myelin appearing in the brain in the internal capsule and
posterior commissure and starting last in the corpus calleosunm and
agssociated areas of the cerebral cortex (F. Tilney, 1933

5. Jacobsgon, 1963:; A. N. Davison et al., 1968: VYakoviev and
Lecours, 19687). The sequence of myelination of neurons occurs in

the same order as their time of origin and differentiation.

There are two prevalent theories about the structure of the
brain at birth. Owne is that each hemisphere is Tuuctionally
identical and hag the same potential for development (Lennebersg,

+

1967). The other is that the hemispher are specialized at a

very early age or preprogrammed from birth (Kinsbourne and
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Hiscock, 1978, pp.214-220). The important question which must be
ashed here is, if the infant is split-brained during the sensory-

motor period with each hemisphere experiencing different input,

the

could this difTference in experiences facilit:
}ateraiizatien of cognitive functions?

The sensovry-motor child grows from being reflex dominated to
a dynamic, reacting child. A%t birth, the child has no language
abilities. Az the axons grow and the neurons move outward, ithsa
child makes tremendous gainsg in being able to speak words and in
his vocabulary. The sensoryv-motor c¢hild learns to perceive and

identify objects, and is able to recognize the names of objects.

-

This child also acquires object permanence and recognizes himsel
as an object.

Two abilities that appear that are iater dominant in the
right hemisphere are his rudimentary sense of directicn and the
realization that objects do not change in shape seven though
viewing them from different vantage pointe makes it appear that
they do. These indicate a refinement of visuo—spatial abilities.

The sensory-motor child shows the beginning of linear,

logical, left hemisvheric reasoning. The child learns to perform
T i _ £ &

simple experiments on objects to learn some of their properties,

&

and demonsitrates means-—ends sctivity. At around age Z vesar:
child recognizes sequence and duration of events, he beconmes
aware of linear tinme.

The preoperational period beging at approximately age 2
vears and lasts until approximately age 7. During this period

two important neurophysiological changes are taking place. One

o
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hemigphere function.

3. He cannot perform operations that are dependent upon

thinking linearly, anal

lvtically, sequentially, and
causally, all of which are left hewispheric Tunciions.
Quring this period, the child’s language and verbal abilities
develop greatly. Thsse are predominately left hemispheric.
Several left hemispheric abilities, besides language and
verbalization, show their early beginnings in the latter porition
of thisg stage. The child develops a partial logic. This logic
ig limited to forward-dirsction thinking onivy. The child cannot
think revergibly or reflectively, and he cannot reagon
inductively or deductively. The child does begin to reason
transductively, from particular teo particular. This often leads

!

to faulty conclusions, but it is the beginning of reasoning
sequentially and causally. The precoperational child also gains =
bhetter understanding of linesar time, inciluding shorit periods into
the past and future.

During this period the preocperational child develops

representational thought. This is dependent upon visual

imagery: the ability to imagine an action, or series of actions,

and the possible results. A broadening concept of space and
direction, increased ability to image and Tantasize, and a
greater sense of intuition are part of the development of the
prooperational child. All of these ave right hemigpheric
functions.

It is during this period the hemispheres begin to

communicate with sach other. With this communication comes 3 new




ability-~-to use both hemispheres concurvently and supportively.

It seems that {or the visual syvstem to develop properly, there
must be correspondence or cooperation between the twe.evefg when
they are stimulated. EHven though each hemisphere might be
preprogrammed, their normal development might he dependent upcn
interhemigpheric communication..

From approximately age 7 to 11 vears, the child is in the

concrete coperational stage. Puring this period the brain

undergoes a growth spurt (Bpstein, 1974a, 1974bL, 1978).

The concrete operational child now uses his mind to think
rationally (left hemisphere) instead of relving solely on
perception (right hemisphere). This leads to the attainment of
conservation of various types. Beginning with the conservation
of substance and ending with conservation of wvolume, this
development occurs sequentially from ages 6 to 11 vears. This
development would indicate and increase in lefi hemisvheric
development,

Otheyr cognitive abilities appearing during this time are the

understanding of number and the ability to perform mathematical

573

operations, the ability to classify objects, and a better
understanding of linear time. These are predominantly left
hemisvheric Tunctions.

The concrete operational child is also undergoing right
hemispheric development. The child has an increased
understanding of space, especially geographic space. He develops
an increased ability for mental imagery, imagination, and

intuition. He also gains an understanding of part-whole

relationships, which has been shown by Nebes {(1871) to be a right

3
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hemispheric fTunction. The discovering of how conceptits are
interrelated is a wmajor importance in the concrete stage. This
ability to synthesgize information is alsoc a right henmispheric
function. It is obvious that the right hemisphere ig developing.
Around age 11 or 12 vears, the child enters into the formal

operational period. This coincides with a brain growth spurt

between the ages of 10 and 12 (Epstein, 1974a, 1974b, 1978) and
the completion of the development of the corpus callosum at
around age 10 {Yakovlev and Lecours, 1987).

The formal operational period is characterized by systematic
and logically complex reasoconing processis. The left hemigphere’s
processing mode is linear, analyitical and logical. Formal
operational abilities which might be clasgified as left
hemispheric are: understanding linear time, hypothetical-
deductive thinking, propogitinal thinking, reflexive thinking,
sbstract thinking, using proporvitions and ratios, understanding
and using probability, and constructing a hievarchial
clagsification system.

FPormal opervational abilities which appear to be obvious
right hemispheric abilities are: conceptual thinking, broadening
a spatial concept, and imagining didealistically. A& Tew
activities which utilize both hemispheres are: mentally
repregenting operations (right) and operating on them {(lefi),
performing combinational logic——combining elements (right) or
eliminating elements {(left) which do or do not affect s

situation, and creating theories.

L
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Tmplications for Education

Based upon the stated cognitive functions of the right ﬁﬁé
lett hemisphere for both the concrete operational and formal
operational child, the curricula of our scheols are left
bemisphere biased. This could be a major developmental problem
with our esducational systemn. It is the opinion of this author
that the schools should be promoting the development ¢f the whole
brain, a balance of both hemispheres.

Not all problems will be presented to students in either a
victorial form or in a demonstration. Students, who are formal
thinkers, should be able to take written problem and formulate a
mental picture. After building an image of the whole, the
student should then be able to mentally manipulate the parts or
the variables.

Lawson et al. (18978) found that students who were obvious
formal thionkers did poorly on propositional logic questions.
Grant (1978) fTound that 74% of the physics students were at %h@>
formal level of overation and that 40% of the potential physics
students were at the formal level. Avons (19783, reporting on
students in apn introductory physical science course, found that
about 25% had attained the level of formal operations, about 25%
were transitional between concrete and formal levels, and that
about 50% were essentially concrete operational. Henner (1976

cited research showing that 50% of Oklahoma's entering college

freshmen and 88% of its high school seniors still oocupy the

concrete operational stage. Sund (1978) reported that fewer than

B0% of the adults in the United States ever reach the formal

operatinal stage of thinking.




A greater pevrcentage of physics students attain the level of
formal operatiouns than other students. Are the tests biased fo
give this resuli? Are nore students who are at the formal level

cing into physics? Is there something within the physics

curricula which promotes formal level of operation?

Much educational research has Tocused on the concept of
discrete, well-delinested stages in which the transgition from
stage to stage is represented by a period of abrupt cognitive
change, Chiapetta (18976) notes that

...the wajority of adeolescents and voung adulis function
at the concrete-operational level and not at the
formal-operational level in understanding an great deal

of the science subject matter taught at the secondary
and college level.

Other research challenges this concept. Pallrand (1979)
found that in completing combinations and proporitions tasks, only

gradual increases in the ability to complete tasks at the fully
formal level were observed. He showed that no one who was
concrete on cowbinations was st a higher level on proporiiocns.
For a student te be formal on the proportions tasks, a student
had to be at least at the earlyv formal level on the coembinations
tasks. It was found that a student could score "formal” on the
combinations and still be "concrete” on the proporiions. it
seems that proportions tasks are somewhat more advanced.

Since there are so many people who do not reach the formal
level of thought, it would appear that a child does not just
mature from one stage into another. " As Kraft (19786) noted,
superior thinkers are more able to use the visuo~-spatial

-

knowledge of the vight hemisphere when performing left hemisphere




operations.

It was established that the froental, tewmporal, and
parietal areas, which are mainly implicated in
crystalized intelligence, are engaged during the actual
process of concept learning.

Event-related potentials (ERPs) evoked at the
right frontal, temporal, and parietal, as well as the
lteft parietal, rvegiocns, significantly distinguished
below— from abavem average concept learners. As
hypothesized, poorer concept iadrmef engaged these
hemispheric sites less, and manifested more variability
at them, than better learners. (¥Federico, 1984

Eag

To promote the development of these higher level operational
abilities, the schools must emphasize an increased

interhemispheric communication. The corpus callosum is mostly

St

developed by age 6 years and is fully developed by age 1i{
(Yakovlev and Lecours, 1967). Its poltential has not been
demoustrated, but it does seem clear that the development of the
corpus callosum would be dependent upon its use and this would be
dependent upoen the utilization of both hemispherves

One of the most consistent messages to teachers is the need
for the abundant use of concrete materials and hands—on
experiences {(Sund, 1976). Even with formal operational persons,
a new concept should first be introduced concretely (Arvons, 1877
Levip and Linn, 1977; Goodstein and Howe, 1978:; Lawson, 1978).
The use of concrete objects involves the right hemisphere,
particularly adept at percepticn, or both hewmispheres when both
hands are uged for sensory input.

Lawsgon et al. (19783) suggests that mathematics and science
be taught by the same teacher. A very imporiant point which they
migs though, is that ideas or theories are most often laid out
for the student. Students of scisnce can use pesitive results to

verify or build a theory (left hemisphere), but they cannot uss




negative results to verify or build a theory (right hewmisphere).

The student must engage in data gathering amctivities and then be

allowed the opportunity to apply the appropriate quantitative
o

relations or to build theories. The combination of mathematics,

-

data calculating relationshipsg, and building of theories will

bhelp to promote the use of both hemispheres.

IT school curricula are to help to promote the use of both
hemispheres, and if there is & relationship between both brain
develepument, lateralization of cognitive functicens, and cognitive

development, then sufficient time must be allowed for this

development to occur.

Lawson and others have shown that test items can be dgood
indicators of late concrete and early formal operatiocnal
reagsoning in situdents. The development of formal operstional
thought and problem-solving processes is inmportant to educators.
Yet, formal thought is normally demonstrated by only B0% of the
adolescent and adulil population.

The teacher of physics can use a great deal of mathematical
concepts and models as well as science concepits and models. By

developing the models for light, both positive and negative

results can be used to verify or develop ideas. To promote the

uge of the left hemisphere, activities which require snalyviic,
verbal, logical, linear, and sequential manipulation should be
encouraged. To promote the use of the right hemisphere,
activities which require a synthetic, wviswal, spatial, holistic,

s

and an intuitive approach should be encouraged. Both sets of

Lo
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stivities can be encouraged within the physics programme.

I¥ a student takes a programme of studies which allows the
student to tackle problems a variety of methods, then would these

students show a larger cognitive growth during a school vear?
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‘CHAPTER 11X

METHOD AND DATA

The Problem

The purpose of this study was to determine whether there was
a change in the level of formal-operational reasoning of
secondary schooel age students after nine-monthe in an acadenic
programme, and whether this changdge was independent of the
programme of studies which the student was taking.

There were two problems teo this study. The first problen
was to develop an instrument which would: (1) measure concrete-
and formal-operational reasoning; (2) be feasible for

%

administration to classes of secondary school age students in =
relatively short periocd of time; and (3) be easily scorved. The
gsecond problem was to determine whether: (1) there was a change

in the level of formal-operational ressoning in these students:

and (2} the change was independent of the curriculum which the

o

student was taki

o~

ook
o
¢

“
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METHOD

EXPERIMENTAL DESIGN
The basic design of this study was diagrammed to include the

asteps and tasks involved.

¥ Desigan of the Formal Operation Aptitude Test (FOAT
- selection of questions
~ gseorving criteria Tor FOAT

¥ Administration of Tests (Hods and POAT)
Definition of Sawmples

?
i
]
|
i
|
i
|
¥ Scoring of Rods and FOAT %
~ Identification of Transitional Group using

FOAT BScores }

Uategorization of Transitional Htudentis

According to theipr Curriculum }

~ Record the Transitional Students’ POAT Score l
ag their Fre-Test Score

¥ Statistical Treatment
-~ Bpearman Hank Correlation Coefficient

between the Rods and FOAT Scorves }

Calculation of Regression Baguation belween

the Bods and FOAT Scores

B

Administration of Pogt-Test (FOAT)
¥ Scoring of Post-Test (FOAT)
Record the Post-Tast Score

- Calculate the Change in the FOAT Score

¥ Btatistical Treatment
~ Kruskal-Wallis H Tesgt

¥ Heport of Findings

Figure 1. Diagram of Basic Design
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Selection of Test

emg for the Formal

cion Aptitude 7

Harris (1973) designed a test, the Hodes test, to identify
students who were in the transition between concrete and formal
operations. She developed a scoring guide which classified
"students into stages LA, TIB, 11IA, 111B (%ae apendix A

for

sample items). These scores were then ftranafered ontc a sc

a s
g - 16, which was not assumed to be linear. While the Rods tegt
would have been an adequate instrument for the purpose of thise
study, the amount of time for the evaluation of the test is too
great. Therefore, an instrument which would require considerable
less time was desirable.
Lawson (1978) constructed 15 items Tor a clasroom tes

Each item involved a demonstration using some physical materials
and/ov apparatus. For each item, the demonstration was used to
pose a question or call for a prediction. The students responded
to each item in writing in individual test booklets. The
booklets contained fthe questions followed by a number of possible
angwers, Students were instructed ito respond by checking the box
next to the besgt answer and then explain why hey chose their
angwer.

Based upon this study described by Lawson (1978), a 18-item
pencil and paper t@sﬁglcailed the Formal Operational Aptitude
Tegt (FOAT), was develaped to measure the cognitive level of the
students. While Lawszon’s test was one of demonstrations, the
FOAT dnvelved the presentatioun of the items in wriltten Form.
Items which Lawson had selected for inclusgion on the fest

required the isolation and control of variables, combinatorial

Jiay
A\

*aie of




reasoning, probabilistic reasoning, and propoertional reasoning.

Lawson did not include any items which might be considered to

directly reguire corvrelatiocnal reasoning, since he felt that an
easily administered item of this type was noi available. In
addition, one item involving conservation of weight and one item
involving displaced volume were included. Lawson felt that both
of these i1tems have been used extensively in clinical interviews
and have been found to be good indicators of late concrete and
sarly formal ocperational reasoning respectively,

In Lawson’'s study, 513 studenis were administered the
classrocom test. 4 subsample of 72 students were randomly
selected and individually administered a battery of four
Piagetian tasks. The individual interviews were conducted by
three trained interviewers. The scores for the entire sample on
the classroon t@‘t ranged from 0 to 15. The distribution of
scores approximated a normal curve with a mean of 7.41, standard

EN

deviation of 4.27, and a standard error of measurement of 2.0.

The Kuder-Richardson 20 estimate of reliability was §.78.
To assess validity of the clagsvrcom test as o measure of

formal veasoning, a vanel of six Jjudges examined the test. These
Judges were consgidered experts due to their professional

involvement with Pilagetian resgearch, and the responded with 100%
agreement that the test items appeared to reguire concrete and/or

formal reasoning.

Ancther assessment of the walidity of the classroom tes
the comparison of individual test results to the classroom test

results for the subsgamplie of 72 students. Pearson product-moment




corvelations between the classroom test total score and level of
response on the bending rods and balance beam tasks were 0.75 and
U.85, respectively. These correlation ceoefficients were fTound to
be statistically significant (p < 0.001)

4s a third type of evidence of the clasasvoom test’

validity, Lawson szubmitited the classroom test and all four
interview tasks to a principal components asnalysis. These

results, with the previous two results, indicate that the

s

classroom test has Tactorial validity as well =a

&
oy

[

ce validity

and convergent validity.

Construc

{FOAT)

The FOAT contained 15 items in all. Bach item was in a

tion of the Formal Operation Aptitude Test

gquestion fTorm with some gquestions accompanied by a diagram. The
students would respond te each question with either a written
response or with a diagram, or with both. The students werse
encouraged to discuss their answers {(See appendix 4 for sample
test beoklet).

Items were scored corvect only 1f the correct answer was
given. FEach correct answer received a value of 1, making the
maximum score Tor the test eqgual to 15. A brief descripition of

the 15 i1tems from the test follows:

Congervaltion of Weight {(Piaget & Inhelider,

1962)

This item involves two balls of clay which are
identical in size, shape, and weight. The students
are told that the clay balls are balanced at
opposite ends of a balance beawm. One of the balls

ig fiattened into a "pancake™ shape and the
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gtudents are asked abeut the relative weights of
the pieces.

Displaced Volume (Karplus & Lavatelli, 1989;
pilaspiacen P

size but of

Jging two solid metal spheres of eg
different density (light & heavy)}, the students are
shown the level of water displaced by the lighter
cylinder and asked to predict the level of water
displaced by the heavier cylinder.

Proportional Heasoning-1 (Suarez & Rhonheimer,

1974

Jeing two plastic cyvlindrical containers of egqual
height bui with different diameters, the students
are told that o given quantity of water rises 4
uniis in the wide container and rises a
covrvesponding 8 units when poured into the navrow
container. The studenis are then asked to predict
how high a given guantity of water that rises &
unites in the wide container would rise if poured

into the narvow conitainer.

Proportional He 2 (Buarez & Rhonheimer,

soning

1974)

Using the same plastic containers from guestion 3,
11 units of water are poured intoe the narrow
container asnd the students are asked to predict how

Fag

f poured intoe the wide

ol e

high the water would rise
container. The nombersz of this item sre more

complex and therefore Item 4 should be more difficulti.




o3

item &6: Proporti -3 (Inhelder & Piaget, 1958,

opal Heasoning

chap, }i)
The student is shown a diagram of a balance besm
and hanging weights, The students are asked to
predict where a S5-unit weight should be hung to
balance a 10-unit weight which is hung 7 units of
length from the fulcrum.

ltem 6: Proportional Heasoning-4 (Inhelder & Piaget, 1958,
chap. 11)
The same balance beam is refered to, and the
students are asked to predict where a 10-unit
weight should be hung to balance a 15-unit weight

which is hung 4 units of length from the fulcrum.

ttem 7 riables (Inhelder & Piaget, 1958,

chap., 4)

Three pendulume are shown in a diagram (two of
equal length but with bobs of 50 g and 100 g, the
third longer with a 50-g boeb), the students are
asked to select which of the pendulume should be
used in an experiment to Tind QQ{ it the variable

of length effects the period of the pendulun,

olling V (Inhelder & Piaget, 1958,

3. Contr riabl

e

chap. 4)

Using the same three pendulums from item 7, the
students ave asked to gglect which pendulumg should
be ugedbin an expeviment to Tind out if the welght

of the bob effects the pericd of the pendulum.
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Item 9:

Controliling Variab] (Woliman, 1975)

A ramp and three different metal spheres are used

in this item. For the sphere which the student
will release from some height, the student can

3

select light, the same, or heavy. The student

ot

not told whether the target sphere is light, heawy,
or the same as the one which is released.

The student 18 shown a diagram of a ramp and the
initial positions of two spheres along with the
final position of the target sphere. The student
iz told that & sphere is allowed to voll down the
ramp and hit a target gphere. The target sphere
then moves as shown in the diagram. The student is
then asked to select the correct sphere (light,
heavy, or the same) to release Trom a high position
to find out if the variable of release position
effects how far the target sphere will travel after

it has been struck.

Variables—4 (Wollman, 1975)

Uging o vramp as in Item 9, a situation is described
to the students in which two metal spheres (A and
B voll down the ramp Trom the same starting
pogition and gtrike two target spheres of different
densities. They are then asked to decide whether
or not the experiment constitutes prooef that metal

A can displace a target Turther than metal B.
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ften

st

(Deluca, 1877: 5ills &

Combinatorial

H@rr@n?‘1976}

A metal box with four colour-coded switches and a
light are described to the students. The students
are told that the light can be turned oun by
flipping a ceritain combination of the switches.
They are then asked to list all the possible
combinations of the four switches that they would
have to try ito discover which combination or
combinations will turn the light on.

?

mutations” (Longeot,

Heasoning-2 "P

Coubinatce
18€5; Piaget & Inhelder, 1975, chap. 8)
The students are told that four stores (a barber

shop, a discount store, a grocery store, and a
oy 3 4 E

coffee shop), are going to be arranged side by side
on the ground floor of a new shopping centre. The
students ave asked fto list all the possible wavs in

whio

h the stores could be arranged side by side.

Probabilit (Lawson, 18978)

The students are told that three vellow wooden
sguares and three red wooden sguares are placed
into a sack. The students are asked to predict the
chances of drawing out a red square on the first

draw.

v-2 {Lawson, 1978)

Probab
The students are told that three red squares, four
yvellow squares, and five blue sqguares are placed

into a sack. Four red diamond-shaped pieces, two
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vellow "diamonds", and three bilue "diawmounds” ave

algo placed into the gack.
The students are asked to predict the chances of
drawing out a red piece on the first draw.

Probabil:

{Lawson, 1978

Using the same wooden pieces as in Item 14, the
students are asked fto predict the chances of

drawing a red or blue "diamond" on the Tirst draw.

and Procedure

The FOAT was administered to students enrcelled in grade 11
at a large urban high school. The students of thisg school canme
from a variety of social and sthnical backgrounds. Since most
students must take Bnglish, the FOAT test was administered during

’ English class, and therefore most grade 11 students

the students
would make up the sample. The Rods test was administered to 865
randomuly chosen students from this sample. A correlation between
the students’ score on the Rods test and the FOAT test was done.
To examine the question of whether any change in formal-
operational reasgseoning is indevendent of the courses which the

L

student takes, seven groups of students were determined. fach
group was determined by the courses taken by the student as

follows:

the

fas)
j&y
o

Group 1 — physics + a science (chemistry and/or bioloegy)
00-level.

Group 2 -~ physics + no other éﬂi@nce"cmurse&

Group 3 - no physics + chemistry and/or biclogy at the O0~level.

Group 4 -~ physical science + biology at the Q0l-level,




Group 5 - physical science + no other sgcience at the {l-level.

Group 5 ~ no phvsical science + biology.
Group 7 - no science courses at any level.

Most students who take the sciences at the 00-level, will
also take math at the §0-ievel. Since this is also true at the
Ol-level, the math levels are not menticoned in the above listing.
There wasg no attempt to correlate the student’s acadenic
achievement with a change in cognitive test score.

A comparison between students who were initially at the zane
cognitive level was desired. Since students uwight choose their
courses according to their level of formal-operational reasoning,
students who initially scored as transitional were selected to
make up the sample for the second pari of this study. This

allowed a comparison between students whoe initially were at the

same cognitive level.

To determine the consistency of the FOAT and the Rod’s test
in measuring the cognitive score of a student, the Spearman rank
correlation coefficient was chosen. Sinoe we did not know if s
linear relationship existed between the two variables, the
nonparametric meagsure of d%sncigiian was chosen. There are sone
advantages in using rs rather than r. For instance, we no longer

assume the underliyving relatiovnship between ¥ and ¥V to be linear
and therefore, when the data possess a distinet curvilinear
relationship, the rank correlation coefficient will likelwv be
more reliable than the conventional measure. A second advantage
in using the rvank correlation ceoefficient 1s the Tact that ne

assumptions of normality are made concerning the distributions of




X and Y. Perhaps the greatest advantasge occurs when one is
unable to make meaningful numerical measurements but nevertheless
can establish rankings (Kerlinger, 1973, pp. 286-296: Winkler and
Haves, 1974, pp. EB7-870).

The Spearman vank correlation coefficient mav be emploved as
a test sitatistic to test an hypothesis of "no asscciastion”
between two populations. Population 1 represents the students’

FOAT score apd population 2 represents the studente’

corresponding Rod’s test scove. 1t is assumed that the »n pairs

Y

of observations, (X:i, Yi), have been randamiy selected and
therefore "no association between the populations” would imply a
random assignment of the # ranks within each sample. It is
possible to calculate the probability that rs assumes a large
absolute value due solely to chance and therebv suggesis an
association between poplulations when ﬂam% exists (Mendenhall,

19753 .

”
&3

Since we are concerned with the gquestion of whether we can
uge the FOAT test as an alternative te the Rod’s, we are
concerned only in a positive correlation between the two test
scores. Therefore we shall only use a one~tailed test with a 95%
confidence interval. For n = 30 students and with a 95%
confidence interval, the critical value of Spearman’s rank

correlation ceefficient would be {.305 (Mendenhall, 1875, o.

4275 .
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e
n{ns - 1)

s iz the Spearman rank correlation coetfficient.

di = H: -~ ¥

n = the number of students who wrote both tests.
When X and Y are independent, the distribution of the rz values
approaches a normal distribution with a mean of zeroc and a
gstandard deviation of I//\/ n ~ 1 ags 1n  increases.
Consequently, when » exceeds 30, one could test for a significant

correlation by compulbing

rs - 0

7 o= = rs n —~ 1
e
// n - 1

and comparing with critical values ohtained from the =ztandard
normal curve (Walpole and Myers, 1878, p. 495). Since the
hypothesis is concerned with only one tail of the distribution
the z value encompassing 5% of the distribution is of concern.
For this case z = 1.645 (Winkler and Hays, 1975, table I1).

To determine whether the change in the studeunts’ cognitive
level of functioning is independent of the curriculum which the
student is taking, the Kruskal-Wallis H test was chosen, The
Kruskal-Wallis test is a generaliization of the Wilcoxon two-

sample test to the case of J > 2 samples or experimental

groups. Tt 18 used to test the null hypothesis Ho that J

3]

independent sanples are from identical populations. The test is




an alternative nonparametric procedure to the & test for testing
the equality of means in a one-Tactor analysis of variance when
the experimenter wishes to avold the assumption that the ssuples

were selected from normal populations.

12 Tz
) B = 4 - 3(N + 1)
N(N + 1) n3
g

(Haye, 1973, p.782--784}

Ts = sum of ranks for gdroup J.

sum of the rank sums.

3
11

J = the number of groups.

ny * the number of students in each group
N = the fotal number of students

The H statistic is approximated very well by a chi-square
digtribution with J - 1 degrees of freedom for a test of the
hypothesis that all J population distributions are identical,

With seven groups of students and using a 0.05 level of

significance with J ~ 1 = 6 degrees of freedom, the chi-square

€

value is 12.592 .

ixpected Resulls and Implications
The questions used in the FOAT had been chosen by Lawson
(1978} very carefully and were found to be a valid measure of the
studentg’ fTormal-level reasoning. Since Lawson demonstrated esach
item and the FOAT is a paperwand~pencil tegt, the measure of the
students’ formal-level reasoning Trom the FOAT wmight tend to be a

little lower. The pencil-and-paper measures increage the demand

on reading and writing skills which, although related to




Piagetian operations, are not one and the same. For each
question there 21till should be the same trends for both the
demonstration method and the FOAT.

A high correlation between FOAT and the previously validated
Rode test would strengthen the confidence one could place on the
FOAT. The small samnple size of 65, however, could influence the
results and a low correlation coefficient could reflect this.

The number of students who would be identified as
transitiﬂﬁal and tThen make up each of the seven groups for the
study, was unknown. A small nuwmber of students in these groups
could greatly influence the results.

DATA

The sample of students was chosen from a large urban high
school in Winnipeg. The students of this school came from a
variety of social and ethnical backgrounds. The school year is noo-~
semestereaed.

Since most students in grade 11 take either English 200 or
201, the FOAT test was administered during the English class
early in September 1981. OFf this group of sziudents, B5 students
were then randomly selected to write the Rods test a few days
later. A total of 311 grade 11 students wrote both the pre~ and
post-FOAT test. Based upon the TOAT scores, the studenis were
categorized as caoncrete, transitional, and formal. All students
who were identified as transitional were included in the study.
A total of 209 transitional students wrote both the pre-— and

post-FOAT test. The post-TOAT test was wrilten during the first

week of April 1982,
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ile 1

Categorization of Students into Operational Levels

Total

Number of
Students 67 209 35 311

Proportion

of Sample 215 ., 113 1.00

Appendix A contains the guestions from the Rode Test and the
gcorving criteria for each question. Appendix B contains quesitions
from the FQAT test.

Categorization of Stud

Based on the resulls from FOAT students were categorized
into their operational level. Then the students were ranked
according to FOAT test and the Rods test =o that a comparison of
the two score could be deone.

The students who were identified as transitional were then

grouped into one of seven groups according to the subjects taken.
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Poat and fiods Test Scores with Correspounding Renkings

Difference in
FOAT HANK RODS RANK the Rank Scores d=
(d = POAT — RODSE)
13 57 i2 B4 3 2]
10 35 16 33.5 1.5 2.28
12 49 10 33.56 15.5 244.25
14 62 10 33.5 28.5 812.25
13 57 12 54 3 a
11 41 11 45 ~ 4 i6
10 a5 i 33.5 1.5 2.25
8 22 g 16 5] 36
11 41 14 65 24 576
12 49 13 45 4 i6
g 22 4] 5 15 256
6 9 8 16 -9 49
4 3.5 a 23 - 19.5 380.25
3 1.5 10 33.5 - 32 1024
9 29 g ] 23 529
i2 49 11 45 4 18
12 49 8 is 33 1089
2] 22 13 61.5 ~ 39,5 1560.25
14 62 11 45 17 289
G g i3 61.56 - B2.5 2766.25
g 29 ig 33.5 - 4.5 20.25
13 59 11 45 12 144
10 35 g 23 12 id4
8 22 4] 5 i6 256

Selection of Bubjects
From the 311 studenis in the survev, 209 students were

identified as transitional, While all 311 students wrote the

post-test at the end of the study, only the results of the 209
transitional students were compared with the corresponding pre-

test results.
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Change in the FOAT Score

The transitional students were grouped according to the
courses which they were taking. The post-FUOAT score was then
compared with the pre—FOAT score which generated a change in the
FPOAT score. This change in the FOAT score will be referred to as

the ¢ score.

Table 3

Categorization and Ranking of Students in each Course Group

Group 1 Group 2 Group 3 Group 4 Group 5 Group b Group 7

¢ Rank ¢ Rank ¢ “Rank ¢ Hank ¢ Rank ¢ Rank ¢ Hank

171
120 -
48 79.5
79.5 4 171
171 4 171
207 3144
171 171
79.5 79.5
171 113
73,5 79.5
190
140
171

48

sy

171
24.5
144
48
113
144
113
24.5
144
48
79.6
171
113

113
749.5
24.5

113
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T9.5
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48 171
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CHAPTER 1V

ANALYSIS OF DATA AND FPINDINGS
This chapter will report on the resulteg obtained from the
data which were reported in chapter II11.

Analysis o

ity

Bate

i
i

i

The FOAT test was designed so that the formal-operational
reasoening of secondary school age students could be determined
quickly and easily. The Rods test, developed and validated by
Harris, was chosen to be compared with the FOAT test.

The Rods test and Lhe FOAT test were administered to 65

atudents. The scores on these tests will be referred to as

population 1 and peopulation 2. The Spearman rank corrvelation

coefficient may be employved as a test statisgtic to test an

hypothesis of "no association™ beiween two populations.

1

Population 1 represents the students’ FOAT scerve and populaltion 2

represents the students’ corvesponding Rod’s test score. Tt is

asgumed that the »n pairs of observations have been randomly

selected and therefore "no associsation between the poepulations®

would imply a random assignment of the » ranks within each

gsample. For n = 30 students and with a 95% confidence interval,

the critical value of Spearman’s rank correlation coefficient
would be 0,305 . The null bypothesis can be stated as:

Hoe @ vrs = 0
If the Spearman’s rank corvelation ceefficient 18 greater than
0.305, then the null hypothesis of "no association” between the
two populations can be rejected at the 95% confidence level.

The observed value for the Spearman’s rank correlation,
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based upon the data from Table 2, ia 0.687. This is greater than

nor

the critical level. Thus, Ho can be rejected at the 95%
confidence level and there is substantial evidence to indicate
that we can reject the hypothesis of "no mssociation” between the
two populations and conclude that the two test scores are not
different.

As dindicated eariier, when X and Y are independent, the
distribution of the rs values approaches a normal distribution
with a mean of zero and 2 standard deviation of 1 // \/ n - T
as 0 increases. When n  exceeds 30, one could test Tor a
significant correlation by computing z = rs \/ n ~ 1 and
comparing with critical values obtained from the standard pormal
curve., For a one-tailed test at the 958% confidence level, the

z value would be 1.645 . The null hypothesis can be stated as:

E)

If the calculated 2z value is greater than 1.845, then the null
hypothesis of "no association"” between the two test will be
rejected.

The calculated value of z = 5.496 is wmuch greater than the
critical rejection level. Therefore, Ho is rejected and the
alternate hypothesis of association is accepted. There is
evidence which indicates that the FOAT score and the Hods test
score are the same.

A regression equaltion was calculated for scores on the FOAT
against sceres on the Rodg test., Where Y are the scores on the
FOGAT and X are the scores on the Rods test, the regression

egquation is Y = 1.B1 + (.83)X . The 95 percent confidence

Gi




FOAT Test Scores

Students’

STUDENT FOAT QND RODS SCORES

I I B R

. |
L2 3 4 5 6 7 8 9 1011 1213 14155
Fig. 2 Students’ Rods Test Scores
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STUDENT RESPONSE ON' THE FOAT TEST

| I I ! ] f { i | { { f
4 5 6 7 8 9 10 11 12 13 14 15
Fig. 3 Question # on the FOAT test
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interval for the slope, based upon the data of Table 2, 0.83+0.2%.

The regregsion line in Figure 2 demonstrates the rather
gtrong velationship between the FOAT and Rods test scores. The
gize of the points in Figure 2 are proportional to the number of
students with that score. The data peints which are far Trowm the
rTegression line are small in size and therefore represent
individuals. The large data poinits, which represent many
students who have scored the same test scoreg, lie closze to the
vegression line. The scatter diagram of these mscores indicates a
atrong, positive correlation.

Figure 3 indicates the level of difficulty for each question
of the FOAT.

The second problem was the main purpose af this reseavch.

Is there a change in the level of formal-operational reasoning of
secondary school age students after nine months in an acadewmic
programme, and is this change independent of the programme of
studies which the student takes?

Based on the subjects which the students were taking, the
students were catedorvized intoe seven groups. The difference between
the pre- and post-test was indentified as ¢, The null bypothesis
can be stated as:

Ho: €1 = Cz = Gz = Lo = Cs = Os = (7
The Kruskal-Wallis test, H statistic, is approximated very well
by a chi-sqguare distribution with J ~ 1 degrees of freedom for
a test of the hypothesis that all J population distributions
are itdentical. With seven groups of students and usiog a 0,065
ltevel of significance with J - 1 = & degrees of freedom, the

chi-square value is 12.892 . JIf the caleculated H value is
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dreater than 12.592 then the null hypethesis, that the change in
the test scores for each group of students is the same, will be
rejected.

The calcuiated H statistic of 26.24, based on the data from
Tabie 3, is much grealter than the critical rejection level,
Therefore, the null hypothesis that there i1s equal change in
student cognitive level as measured by FOAT is rejected. The
alternate hypothesis is that there is evidence that there 18 an
unegual change in cognitive funection. This result doss not
indicate which group of students changed the most. We can only
say that there is evidence of an unegqual change in the FOAT

scores between the groups tested.

summary

Evidence, from the data presented in Table 2, supporis the

claim that the FOAT is a wvalid instrument which measures

concrete- and formal-operational reasoening. This appears iu the

correlation {(r = 0.687) between the FOAT and the Hods test, and
in the rejection of the null hypothesis (5 = 5.496) where

Ho: r = 0. Since the Rodg test has been shown teo be a walid
instrument for measuring the ceognitive level of students, the
FOAT test 1s also a good predictor of student cognitive levels.
Figure 2 shows the regression line and a scatter diagram of
¥ (scores on Rods) and Y (Scores on FOAT). The size of the .
points are proportional te the number of students with that

gcore. The scatter diagram of lhese scores indicates a positive

correlation. Therefore, the FOAT can be used to measure the




students cognitive level. Since the FOAT iz easier and faster to

evaluate a group of students, there would be an advantage

usging the FOAT.

There is evidence to support the claim that the change

in

in

the cognitive level of students in different programmes of study

is not equal. That is to say, studenis taking one programume of

studies improve in their cognitive level of thought more than

those students in a different programme,

In Table 4, the average ranking and change in the

‘3

Tor each groap is presented. Groups 1, 2, and 3 consis

FOAT

t of

sCore

gtudents who are taking one or more gcience coursegs at the 00~

level. Groups 4, 5, and 8 consist of students who are taking one

or more science courses at the 0l-level.
At either the 00~ or Ol-level, students who take
science courses demonstrate a greater change in their

operational reasoning. Group 7 consisted of studeunls

at

more

formal—

both the

00~ and 0l-level, but they were not taking any science courses.

This group demonstrated the lzast change in formal-operational

reasoning.

As a point of dnterest to other vesearchers in this area,

the average change in the FOAT score is presented in Table

rather than the ranking as in Table 4. The averags change

in the

FOAT scere for groups 6 and 7 are 0.81 and 0.74 with standard

deviations of 2.18 and 2.08 respectively. These results

indicate

that many students in these two groups not oconly showed no change in

the #FOAT score, but that they even had a negative change in

FOAT score,

T

oy

their




Tab

1

4

The Average Change in the FOAT Score by Ranking

Group

{1) Physics + another
G0~1level science
course

(2) Physics + no
other science
course

{3} No Physics + another
(0-1level science
course

Number of
Students
in =ach

Group

52

Average Hanking
of the Change
" in the FOAT

Score

133.27

108,99

Standard

Deviation
of the
Average

59.63

48.37

58.62

{43 Physical Science-01
+ 9 1811 £1.23
Biology-01
{(5) Physical Science-01
+ 20 134,38 57,85
no other science
{6) No Physical Science
+ 58 80.33 54,86
Riology-01
{(7) No Science 19 79.63 52.40
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Average Change Standard

Group Students ' in the Baviation
in each Foat Score of the
Group Average

(1) Physice + another
f0-level science 52 2.88 2. A5
course

(2) Phygics + no
other science 10 2.40 1.58
coursge

(3) No Physice + another
00-1level science 41 Z2.02
course

]
e
[ %3]

(4} Physical Science-01
+ g Z2.44 2,40
Biology-01

{5} Physical Science-01
+ 20 1.85 1.98
no other science

{6} No Physical Science .
+ 58 0.81 2.18
Biology-01

&
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CHAPTER V¥

DBISCUSSION AND CONCLUSIONS

Discussion

This study focused on a grouap of students whoe were
transitional between concrete and formal operational stages of
thought as measured by FOAT, and were taking a variety of
programmes at the grade 11 level. The underliying thesis of this
study was that students who are exposed to a curriculum which
would stimulate a variety of cognitive activities, would show a
greater change in coegnition.

This study has shewn, as many other studies have (Herron,
18%5; Lawson & Henner, 1975), that students in the same grade
level are ovperating at quite a different level of formal-
operational thought, and that the students are not fully formal
by the ages of 15 or 16-years. A basic idea underiyving this
study was that it is not the stages that are important, but rather
what happens in the transition.

Lawson, Karplus, and Adi (1978) argued that the gradual but
steady increase in older students’ ability to use proportional,
probabilistic, and correlational reasoning are not acquired as a
result of any direct and/or short-term teaching programmes. They
argued that support was obtained for a developmental perspective
in which these reasoning abilities are acquired as a coenseguence
of the gradual process of equilibratioen. This would imply that

curriculsn designed to promote the acquigition of these reasoning

jox
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abilities should provide opportunities for equilibration to takse
place. Lawgon and Wollman (1976) found that this process was
facilitated by providing students with problems from a wide
variety of contexts. This suggests that interdisciplinary
programmes teachiong the various aspects of formal reasoning fromn
widely differing content areas would be an effective means for
provoking students to equilibrate with respect to the various
paltterns under counsideration. BScience courses which engage
students in data gathering asctivities while capitalizing on the
opportunity to apply the appropriate quantitative relations is
what is needed.

One of the major objectives of the physics programme wag o
combine data gathering activities with the application of the
appropriate gquanititative relations. For this reason, it should
be expected that the phyvsics students’ FOAT score would show a
large upward change.

The data from Tables 4 and 5 do indeed indicate that the
FOAT scores of the physics studenls do improve, but they are not
alone. Within the two groups of studeunts, the 006~ and 0l-level,
those students who look more science and science which uses
mathematics demonsitrated a larger change in the FOAT score,

This result would indicate that students in both the 00~ and
0l-level prodramme would benefit from an interdisciplinary
programme which combines the activities of science and math.

In the review of literature, it was suggested that each
hemisphere of the brain has a specialized cognitive style. The

left hemisphere is specialized for analyltical, verbal, logical,
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linear, and sequential tasgks which are abstract and tinme reiatadi
The right hemisphere is gpecialized for synthetic, visual,
spatial, and holistic tasks., The left being the centre fTor
verbal and mathematical tasks, while the right being the centre
for the processing of nonverbal infTormation and visual imagery.

If a task had visuo~gpatial components during the stimuius
period, vright hemispheric activity during that periocd would be
elicited. If a task had verbal or logical components during the
response period, then left hemispheric activity tended to be
elicited. Children who are identified ag gifted, and who
demoastrate formal operational thought, tend to use either
hemisphere depending upon the guestion or activity. This sorting
does not appear toe oceccur with students who are at the concrete
operational stage. The concrete operational student usges the
left hemisphere predominately and the formal operational student
shows a greater proportion of right hemisvheric activity. Kraft
(1978) has suggested that these resulis and Pilaget’'s tasks are
behavioural components of interhemisvheric communication and of
maturing neural fibres which facilitate these processes.

Students engaged in problems from a wide variety of contexts
will be required to use those parts of the brains which
specialize in the corresponding activity. Glial cells are a
source of nerve growth Ffactor (NGF) which stimulate axonal
ocutgrowth and attract nerve fibres to their targets. it has been
observed in the braions of mice and rats which have been raised in
an "enriched environment™, that the number of glial cells can be
increased, and this would dndicate a continual regulation of the

number of terminal branches of adrenergic nerve fibres. fThese
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studies also show that long-lasting changes in the development of
dendrites and synapses occur.

in the review of literature, it has alsoc been pointed out
that while some neurons are inherently predisposed in their
development, olher neurons requitre appropriate stimulation for
development.

In curriculum guides such as the pilot programme guide fTor
physics in Manitoba (1982), educators have concluded that the
curriculum should be aimed at the cognitive level of the
gtudents. While this would have the result of moving ﬁcre of the
high school curricula towards the concrete-level, it does not
address the question of how do the schoels encourage the
development of Formail-operational thought? Cantu and Herron
(1978) found that it did not matlter whether concrete or formal
concepts were being taught, and that using different teaching
strategies would not eliminate the differences in achievement
ocbegerved between concrete- and formal-operational students.

While researchers conclude that there isg no teaching
stratedy which will eliminate the difference between the
concrete~ and the formal-operational students, there iz evidence
in this study te support the claim that the change in the
cognitive level of students in different programmes of study is
not the same. - That is to say, students taking one programme of
studies improve in their cognitive level of thought more than
those students in a different programme. The combigation of

courses might make a difference in the cognitive growth of

students.




Keeping in mind what the literature has te say about the
function of the left and right hewispheres, a detailled
examination was performed on courses which the grade 11 students
would take. A course which would cembine mathematics, data
caleulating relationships, the building of theories using both
posttive and uegative experimental resulis, and the testing of
ideas and theories, would help to promote the use of both
hemispheres. While mest courses do not bhave the studenis working
on tasks which would eliecit right-brain activity, or fo promote a
combination of both hemispheres, the P.5.5.0. phyvsics 200
programme has expectations of the students working through these
activities. The main topic in the P.S.5.C. physgics 200 programme
in Manitoba was "Light'. The students were to answer the
gquestion "What is 1ight?" by formulating hypotheses, defTining
operationally, controlling variables, experimenting, and
formulating models and interpreting data.

It was expected by this author that those students who were
taking the physics 200 course would show the grentest improvement
in their FOAT score. While these resulis were realizged, other
important trends have become apparent,

The results of this study indicate that students at both the
00~ and 0l-level will benefit most by a greater expogure to &
variefty of science, especially physics or physical sclence,

With respect to what has been gald in the review of literature,
this is not surprising. It is in physics and physical sclence
where we get a blead of mathematics, reading, and preblem solving,
with the combination of model building and testing. Nol even in

mathematics 200 with geomebtry and algebra do we get as great a
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combination of the activities for both hemispheres.

The procese shills in science are divided into two parts:
Basic 8kills and Intermediate Skills. With the Ffasic Skills the
student learns to {1) observe, {2) communicate ideas,

(3) classgify, (4) measure, (5) use numbers, (B} use spatial and
temporal relations, (7) make inferences, and (8) predict. The
Integrated Skills wmake use of the basic gkills in the development
of movre gophisticated processes of (1} formulating hypotheses,
{2) defining operationally, (3) controliing variables,

{4y experimenting, and (5) formulating models and interpreting
data.

It is the opinion of this author that it is the students, who
were exposed to the above through a variety of digciplines, who
showed the greateét change in cognitive operation. further, it
is the opinion of this author that this change in formal
operational thought ig not limited to the curricula of the
sciences, Other disciplines, if the process and cognitive skills
are developed, should encourage the developunent of fTormal
operational thought. A study, which categorizes students other
than by the sciences, should be done in the near future.

Rather than allowing students to specialize, students
should be encouraged to study many disciplines. Students should
be faced with problems from a wide variety of contexts; they
should be in an interdisciplinary programme which teaches the
varicus aspects of formal reasoning.

This author could net locate any astudies in the literature

which compared students within existing courses. Studies which
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pulied the students out of courses or which had the students do
extra activities, were usually for onlv a few weeks and did naf
have a regular classroom setting.

Yo the degree which the Piagetian stages are a mensure of
brain development, and in accordance with the need to detect any
true chaages in these stages, the study must be longer than a few

weeks. It was for this reason that this study was done using

students in a non-semestered school year.

faas!

Twa of the groups of students, group 2 and group 4, were o
~small sample size. This ig unfortunate, but until the entire
grade 11 population in a specific school was tested, the sample
sizes for each group of transitiocnal students could not be
estimated. Since it was important to have the students at the
same cognitive level, and to have groups of students in
fundamentally different curricula, none of these groups could be
either eliminated nov combined. With the limited resocurces of
manpower and finances available at the time of this study, there
appeared te be no way around this problem. To get a large enough
sample size for each group, five or more large high schools

would have to be included 1o the study.

CONCLUSIONS

The combination of courses in the curriculum which a student
takes does appear to have an effect upon the cognitive growth of
the student. The same tvends appear in both the 00~ and the 01—
level of courses iT the combination of subjects is equivalent.
This woeuld indicate that students should be involved with a

greater variety of interdisciplinary programmes, and that
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teachers should combine data gathering activities with the
application of guantitative relations te build wmodels. It is
also imperative that the students work with both pesitive and
negative rvesults in model building., These activities do not need
to be limited to the science curvicula. If courses such as
history and geography are promoting the above activities, then
results corresponding to thig study should also be vrealized.
Thegse results also indicate that when currvicula are being

L

degsigned, the cognitive function of the hemispheres should be
koept in mind. The kev to cognitive development might be
interhemispheric communication across the corpus callosum.
Different tasks will elicit either rvighit or left hemispheric
activity. If these tasks vary greatly and freguently, then both
hemispheres will be active a great deal of the time and promote
development of both sides of the brain.

The general concern and topic for this study was spawned by
the recommendation from the Physics 200-300 Committee for the
Manitoba Department of Education. These concerns have been
discussed in chapter 1 of this study.

The new curriculum fTor vhyvsics 200 was to cenbtain matervials
which were found in the 300 programme. There was to be less of
an opportunity fto work with model building and testing of
hypotheses using both positive and negative results. Before

changing the curriculum, this author wanited to try and identify

any positive or negative aspects of this "old" physics programme.

As the resulis of this study have shown, 1t is important




that the students gel a variety of materials. ®With beth the
recommendations of the Phyvsics Committes in mind and the results
of this study, a proposal Tor a "Spiral Approach” to teaching

the physics course was formulated. Thig proposal was approved by

both the Department of Education and the HRiver East School

o
=
&

Divigion., The first vear Tor piloting this spiral approach %o
physics 200 programme has just been coumpleted.
Tﬁe objectives of this new phyvsics 200 programme are:
1. To increase student’s basic knowledge of what physics is and
the role it plavs in their evervday life.
Z. To enable studentes to develop and apply the gkills of science.
3. To enable students to develop their cognitive abilities.

F

Every student who enters this physics 200 programme will not
necegsarily continue with the 300-level programme. Therefore, if
the fTirst objective is to be realized, then more than just a few
selected topics must be presented. An overview of several areas
must be presented,

All students in the physics 200 course will be functioning
at different cognitive levelg. Therefore, if each student is to
have an opportunity to improve, lthen the programme must be
flexible enough to allow both the concrete- and formal-

3

oparational students to develop further.

The spival programme will initially move rapidly through
most of the topics for both the Z00- and 300-level programme.
The text which is being used is written in a straight forward
manner and al a level which 18 easy Tor students who arse

functioning at the concrete level., JBecause the text and the

concepts are easier than the PRSC programme, a greater variety of
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topics can be covered. Thig allows those students who will not
centinne in physics to get a broader view of what is physics, and
it allows those students who are not formsl-operational thinkers
to develop a "good" feeling about the subject.

For those students who are operating at the foermal-cognitive
level, they will have challenging concepts from the PS50 and
other socurces presented to them. These gtudents will not have to
wailt for the others te catch up bhecause the other students will
not be exposed Lo these topices in grade 11.

In grade 12, the spiral continues with the regular students
now being exposed to moest of the same topics of the 200-level,
but at a more abstract and difficult level. The more advanced
students, who did this in grade 11, will be working alt more
advanced topics s1ill. The programme has a built in mechanisn
which seems to create a desire in the more advanced students to
want to achieve, while their final marks cannot be threatened by
taking on a greater challenze.

The results at the end of the first yvear have been very
promising. While the number of available students for the
rhysics 200 programme next year has decreased, the number of
requests from students to take the course has increased (from
four clasges to five), Three top 200-level students parvticipated
in the Canadian Association of Physicists prize examination, and
finished in the top 20 out of 235 students for Manitoba {(scoring
higher than most of the grade 12 students).

1t would appear that the spiral approach might be able to

address the individual cognitive needs of students while also
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allowing them to become more familiar with the variety of topics
within a digipline which affects society and individuals every
day.

We must continue our efforts te develop procedures which can
be used to enhance the intellectual develeopment of students.

This paper has addressed a few of the issues, but further studies

must be done.
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GRADE,

This 1s a problem dealing with rods and why they bangd,

The rods and welghts used in the problem ars shown below,

flads marhed like this

are all the same kind of metal,

Hoda without markings are all the same kind of wood,

All the rods are rourd,
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The pleture halow shows how the rods bend when walghls axe placed on the andz,

Al of the plclures show exactly what happons ueling vesl rods end welghts,

QUESTION 1 Banding probably dapemdf; on saveral things becauss the rods bend
different amounis, :

Make & 1ist of the things which say influsnes banding,
¥

(You do NOT nesd to write seatences, Juat make o LIGT,)

.




(&)

QUESTION 2 Probably (3) bent mors than {2) because

QUESTION 73 Probably (4) bent more than {1) because

QUESTION & Probably (3) bemt more than (1) because




QUESTION 5 Suppose you think ihat & difference in materlal {(that is, metal
or wood) might camuse one rod to bend more than another,
Mark X's gn the two rods you would use to prove that bending
depends on ths kind of waterial.
Mark A's undex the two welights you would use,
{You should-use four %°s, two for ruds and two fox woights, )
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QUESTION

6 Suppose you ihink that a difference in lengih might causs one
rod to bend more than another,
Hark X's og the iwg rods you would use to prove that bending
depends on length,
Herk X's below the two welghts you would use,

(Use fouxr X's, iwo for rods and two for walghts, )

N
.
Ad - )
C i
(RS en S ST Sl e o 9L e EOTR NN N WA A i N A e S e B o
ot A AL TR R I, v
R N B UDOLNOTONOI0D00C 0000000 IO DGOO0N0AN00000000DSS0 OO0SOROAGA0D0000 GOR0NAOOO0NAB000 3
LVTTET Y % 1 97 PPy T TN Gis * T
. ; d S ST e S M i 1 5L S 8 0 0 .0 -3 0 i o 0.3 5 e e e TRCSIIT
SOONNCNIDC00000000
FS008 x NOGO0RGAO000 30000000 P00 OONOOGONO0N0ONINOOI0000000C0 OO0 >
L 3

[ ehae




QUESRTTON 7 Supposa you think that a difference in thickness might

cause one rod to bend moxe than another,

Mark X's on the two rods you would use Lo prove that bending
depends on thickness,
Mark X's below the tug weights you weuld use,

(You should use four X's, two for rods and two for walghts,
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QUESTION 8 Hhat does the demonstration pictured below prove?

3 mw-f»-——wa-u-n—wj}




QUESTION 9 What doos the demonsication pletured below prove?

prustanmemn v At




QuESTION 10 What does the demonstration pletured below prove?

i e
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QUESTION 11 Both of the rods plctured below bend exactly the sawme amount,

gxplain cavefully why one rod bends the same amount 88 iha other,
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QUESTION 12 The wod shown bolow 1o not bending,
What could be done to make the tod bernd?

Try tu glve several different supgestions,




QUESTION 13, Whit dre two kinds of long vods which bend?

Thase
four
rods
Axre

rending,

(Use a8 few words as possible in your answer, )

K;This red s NOT bending,
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SCORING CRITHERIA FOR RODS

Genmeral Instructions
1. The sgcoring i1s related to the variables named in the
response.

Z. Ignore dirvelevant terms in the answer as long as the correct
variable ig also included in the answer.

Irrelevant terms include: lightness, heaviness, size, weaker,
bigger, smaller, softer.

3. For all questions width, diameter, bthickness, radius,
circumference are considered as syvnonymous terms.

SCORY

#1 weight of weights {weights, size of weights)
widih
tength {where the weight is placed)
material rod is made of (type of rod, whether the
rod is metal or wood)

response includes all four variables listed above 5

response includes all fTour wvariables, bui breaks
them into attributes, for example "Whether the rod
i thin or thick"”

or
reaponge includes irrvelevant terms such as gravity,
flexibility, air pressure 4
response includes three variables listed above 3
responge includes one or two variables listed above 2
ne response or oue which includes only irrelevant
terms i
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#2 difference in material
difference in thickness

response includes the two differences given above

response includes only one of the differences

any other answer

SCORE

¥
P

#3 difference in malterial
difference in length
response includes both differences given above 3
response includes only one of the differences Z2
any other answer i
#4 difference in length
difference in weights used
response includes both differeunces given above 3
response includes only one of the differences 2
any oither answer 1
#5  four X's are used -— the rods marked must have the
same width and the same length
one X musi be on a weoden rod
one { must be on a metal rod
two X’s on the weights —— both small OR both large
weights must be marked.
scoring is done by counting the wnumber of wvariables
correctly marked:; width, length, material, weight.
A11 four X's are corvectly placed. 5
three variables are correctly marked 4
two variables are corvectly marked 3
one variable is corrvectly marked 2
no rveaspouse orv the X’s are placed ambigususly i

1G4




SCORE

#6  rods marked have the same width, and are made of the

same material {(both metal OR both waoaden)

two X's on the same sized weights (either both small

O both large) ’

one leng and one shaort rod MUST be used

count the number of variables correctly identified

{width, length, material, weight)

all four ¥’s are corrvectly marked 51

three variables are correctly marked 4
two varviables are corrvectly marked 3
one variable is correctly marked 2

no responsge or X's placed ambiguously 1
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#7  rods marked have the same length and are both wooden
OR both metal
two X'% on the same sized weights {(either both small
OR both large) _
rods must be of different thickness
count the number of wvariables correcily identified
{width, length, material, weight)
all four X’s are corrasctly marked 5

three variables are correctly marked 4
two wvariables are correctly marked 4
one variable is correctly marked 2

no regponse or X'y placed ambiguocusly 1

#8% a long rod bends more than a short rod

1T answer includes an indication that length has an
influence on bending 3

1T answer refers fo one rod being different than
another, or says one rod is heavier thap the other 2

ne resgponge or incorrect (e.g. welights are dillferent) 1

145




SCORE

2 wooden rod bends more than a metal rod

if answer includes an indication that the difference
in material ilacluences bending 3

if answer refers to one rod being different than
another, or says METAL bends more than WOOD 2

no response or incorrect {e.g. one rod is thicker) 1

a thin rod bends more than a thick rod
if answer includes an indication that the difference
in width influences bending 3

if answer refers to one rod being different than
another, or lighter or heavier 2

ne response or incorrect (e.g. a heavier weight) 1

the thicker wooden rod has a heavier weight on it
compared to the thinner metal rod which has a lighter
& s &
welght on it

Some allowances must be made here fTor the difficulty

subjects have in wording their answers. The more
gophisticated answer would include the conceplt of
compensation (le. for the thicker rod by the hesavier
waight), but subjects are unlikely to answer in this
way.

response mentions differences in thickness, wmaterial,
and weights used 5]

regsponge mentions differences in only two of the
above vartables 4

regsponse refers lo the variables in general terms and
does net indicate that a relationshin between

thickness and heavier weight bas been observed 3

response mentions differences in only one of the
above variables 2

no response or incorrect response 1
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SCORE

#12 wuse a heavier weight
use a thianner rod
make the rod longer {(pull the rod out from the
table)
loosen the clamp
soak the wood in water
use a different material (NOT METAL)

© tesponse includes four of the above &
response includes three of the above 4
response includes two of the above : 3
responge includes one of the above 2
ne respouse  or iuncorrect 1

Note: changing the rod to metal will not make it
bend. Moving the weight UP, shortening the rod,
or making it thicker will not increase bending.
It response includes any one of these deduct 1
point from the scoring.

#13 wooden rods and thin (ner) (est) rods

responses match the above . 5
responsges aceurately describes the rods which bend

{e.g. the wooden rods and the thin metal rods) g
incowpiete or inadequate description of the rods

which bend {(e.g. metal rods and wooden rods) 2
no response or completely irrelevant {(e.g. fishing

rods) 1
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Response Patterns for Identificatioen of Substages

Formal Substages

Irys #1
¥5, #6, #7

#11, #12, #13
No responses

I11A #1

#5
#1111,
Mo

#6, #7
¥12, #13

Transitional

ITT8-1114A

inconsistent

category

Concrete Substages

118 No

#5,

responses
#6, or #7

No responses

Seven or more

scored

scored
regsponses

scored

ragsponses scored

Identify last.
pattern

cn

Rods

Formatl {4 or &)

Formal

fad

1 or

3., 4,

scored
Formal

at least two
1
which does

4 or &

~- possible by chance.)

4 or B
scored 1

108

(all &)

Formal {(all 4 or

or b
{(all B)
scored 4 or

{Ignore one formal

57

=

not Tit any other

if in
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Form

Name e

Grade R

Date of Hirth / f
{day) (month) (year)

List your courses for this vear.

Ingtructions: There are 15 questions. Read each question

carefully and enswer it the best vou csn. Do not
hesitate to clearify or discuss your answer.

Time Limit: 40 minutes

1.

Twe balls of clay are identical in size, shape, and weight.
The clay brlls are placed at opposite ends of a balance bean.
The balance beam iz balanced which shows that the two balls
aof clay weigh the seme. One of the balls is flettened into a
"oancaeke" shape. How do the weights of the two pieces of
clay compare?

Jight meta hea vy
: e - T G >
In the diagram to the right, sphet &///ﬂ\ SPh&WS z ‘@fm

are two solid metal spheres.

i) '
These spheres are of the sane i THO 6%9 i
size but of different weight. £30
The two containers are the e
seme and they have the same L0 )
amount of water in each. :
The light metal sphere is ] 3 THO ) 6%9 (
placed into one of the =20
containers of water and the ’“"mﬁém)
water rises as shown. ;ﬂ

If the heavy metal sphere is placed into the other container,
predict the level of the water. {if vou wish to draw the
predicted level in the above diagram, draw it cavefully).

1



°

5,

Two plastic cvlindrical containers have the same height but the
diameters are different (one is skiunny and the other is fat). A
given quantity of water rises 4 units in the wide container and 6
units when poured into the narrow container.

A given guantity of water rises 6 units in the wide container. if
this water is now poured into the narrow container, to what level
will it rise?

The same plastic containers from question #3 are used.

1] units of water are poured into the navrow container, If this
water is now poured into the wide contesiner, how high will the
water rige?

3¢ 22 3 18 b ow 2 6 § b ¥ 2 2 0y & 8 s 3 M W R 2 2z 24
T ST SO O UV NUUUY- SUROY W S 2 2 ey Rors- b s Sced - x! . 8. Tvomeree cormSimenc B

The above is a balance. The long arm is marked off in equel units
from point " ¢ ", Point “ f " is the fulcrum. The balance arm
is supporied at the pivot ovr fulcrum " £ ",

4 10-unit weight is hung 7-units of length from the fulcrum.
Where must a H-unit weight be hung to balance the 10-unit

weight? (Carefully draw the 5-unift weight in the correct
position).



1

10]

On the abeove balance beam, a 15-upit weight is hung 4-units of
length from the fulcrum.

Where must & 10-unit weight be hung to balence the 15-unit
weight? (Draw the 10-unit weight in the correct posgition).

A & -

We have three pendulums as shown.
Two have the same length but one is
50 g. while the other is 100 g. The
third pendulum, which is 50 g., isa
longer.

Select which penduilume should be used
in an experiment to find oul it the
variable of length affects the period

50q

of the pendulum. The period is the 1009
time it taskes the pendulum to swing

back and forth.

Using the zame three pendulums from question #7, select which
pendulums should be used in an experiwment to find out if the
weight of the bobs affects the period of the pendulum.




RAMP

146,

Initial position of rolling sphere

Initial position of target sphere

Final position cof
target sphere

|

. ] @)

Iin the diagram above, we have é gphere on a ramp. The sphers is
allowed to rell down and hit a target sphere. The target sphere
then moves a distance as marked in the diagran.

Which type of sphere would you select (LIGHT, HEAVY, or the SAME)
to release from a high position to fiaud ouwt if the variasble of
release pomsition affects how far the target sphere will travel
after it has been struck?

Two metal spheres (A and B) roll down the ramp from the sane
starting position and stirike two different target spheres. The
target hit by sphere A travels further than the target hit by
sphere B.

Bees this experiment prove that metal A can displsce a target
further than metal B?

Briefly explain,



11.

1Z.

You have a metal box with four colour-coded switches and a light.
The switches are red (R), vellow (Y), green (G), and blue (B). By
flipping a8 certain combination of the switches, the light will
turn on.

List all the possible combinations of the four switches that you
would have to fry to discuover which combinaticn or combinations
will turn the light on.

There are four stores: a barber shop (B), a discount store (D), a
grocery store (@), and a coffee shop (C). These stores are going
te be arranged side-by-side on the ground floor of a new shopping
centre.

List all the possible ways in which the stores could be arrenged
side~-by-side.



13.

14,

Three yellow wooden sguares and three
placed into a sack.

What are the chances of drawing out a ved

draw?

Three red squares,
placed into e mack,
diamond--shaped pieces, and three
also placed intoe ths sack.

hlue

What are the chances of drawing out =

red

four yvellew squares, i
Four red diasmond-shaped p

wooden squares are

square oun the First

blune squares are
ces, two vellow

le
nhaped pieces srea

and five

diasmond

red piece on the Tivat dvraw?

15, Usging the objects from quesiion 14, what are the chances of
drawing a red or blue diemond-sbhaped piece on the first draw?





