.
‘j B Ty

" UNIVERSITY: UNIVERSITE. .

S T T T TR e AT ETR
, :

) DATED /DA e * “F

TITLE OF, THLSIS/T1TRE DE LA FiEsE. __  TEACHING. PRACTICE'S IN JUNIOR SECONDARY SCIENCE CLASSES

—— S S — .- - — - -
" >
£ > .

DEGREE FOR WHICH THESIS WAS PRESENTED

GRADE POUR LEQUEL CETTE THESE FUT Pﬁfsszff_.__.Master of f Science ﬁEduca‘tion)

4 . .
YEAR THIS DEGHEE CONFERHED/A:NNEE D'OETENTION DE CE DEGRE_

NAME OF SUPERVlSOR/NOM (217 DIREC TEUR DE THESE___]

. Simon Fraser: University

ri‘ Q8o

Dr. Marvin Wideen -

Permission is hereby granted_to the NATIONAL LIBRARY OF

 CANADA to micratifm this'thesis"and to lend or sell copies

of the film,
. = I 5 N .
The author reserves other ‘publication rights, and neither. the

©

thesis nor cxtensive extracts from it may be bfirited or other=
wise reproduced without the author’s written permission.

. 257
ek 73_~ . _ SIGNED/SIGNE

L autonsauon est, par la présente accordée ala o/BLIOTHE .

—— — - — - m

. D ‘«;; National Library Blbhothbq:e ndtlonale “-"" - CANADIAN THESES THESES CANADIENNES :

, "~ of Canada . du Canada - ON MICROFICHE SUR MICROFICHE -~ - - :

- ; : ¢ o

1 /,./// 7 -

$ ' * ) o %
. NAME OF AUTHOR}’NOM DE L"AUTEUR - X _ Margaret D. CUSACK . R R

OUE NATIONALE DU CANADA de m;crohlmer cene thése et

' de préter ou de Vendre des exempla/res du f/lm

L’ auteur se réser_.ve les autres droits de pub/ic'ation,’ ni la

thése ni de longs extraits de celle-ci ne doivent étre imprimés

ou aizlremenhreproduits sans I'autorisation écrite de.I'auteur.

— — /,'_,___;_,___'__,_,_”___, —

Cy ] N !/ .
PERMANENT ADDRESS/RESIDENCE FIXEZ__ . ... =" > O
- e _,.4..,.___- e e e -
L /

KL9Y (1173, . : . - N B




t.’.'

'* Nationa Library ot Canada
- Collections Development Branch

- Microfiche Semce sur microfiche

The quality of this microfiche is heavily dependé‘nt '

-upon the quality of the original thesis submitted for

microfilming. Every effort has been made to. ensure

T “Bibliotheque nationale du Canada
Direction du développement des collections -

umﬁwnjf&wmmmm

’ AVIS

La qualité de cette microfiche dépénd grandement de.
la.qualité de la thése souniise au microfilmage. Nous
avons tout fait pour assurer une quallte supeneure

;«;,;,_th&higlj,ezst,qu,al'tty;o,fjiep;,oducmgﬁoassible o
hY
If pages are mlssmg, contact the umversnty which
granted the degree.

-Some pages may have indistinct print especially

if the original pages were typed with a poor typewriter
- ribbon or if the university sent us a poor phptoco_py.

Y

Prevrously copyrighted materlals (journal artlcles

'pubhshed tests,. etc ) are not filmed. - - . -

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorlzanon forms whlch
accompany this thesis. . S

THIS DISSERTATION
HAS BEEN MICROFILMED -
EXACTLY AS RECEIVED

de-reproduetion._ .- - - - - o
~avec I'université qui a conféré le grade R
~ laisser a désirer, surtodt si les pages orlglnales ont ete
. dactylographlées a {'aide d‘un ruban usé ou si I'univer- -
-dauteur (articles de revue, examens- publiés; etc.) ne - |-

- sont pas mlcrofllmes

"est soumise a la

Sl manque des pages, veuillez communiquer
La quallte dlmpressmn de certalnes pages peut

sité nous a fait parvenir une photocopie de mauvaise
qualiteé,

‘Les documents qui font - -déja I'objet d’un droit

S

La reproductkqn méme partielle, de ce mncrbﬁlm
oi canadienne sur le droit d‘auteur,

SRC 1970, c."C-30.- Veuillez- prendre connaissance des

formules d’autorisation qui accompagnent cette thése.

LA THESE A ETE
° MICROFILMEE TELLE QUE.
- NOUS L’'AVONS REGUE

Ottawa, Canada
K1A ON4

e - NL-338 (Rev. 8/80)



TEACHING PRACTICES }
'IN JUNIOR SECONDARY SCIENCE CLASSES
Margaret D. Cusack
e f'—Br.fS&——,—éUgﬁi—versi;tyrr;ef ‘Adelaide, 1959 - - o
. /
A THESIS SpBMITTED IN PARTIAL FULFILLMENT OF
THE REZQUIREMENTS FOR THE DEGREE OF
MAS/A‘ER OF SCIENCE (EDUCATION)
[ - in~the Faculty
|
‘;;" of
/ : -
: "Education
. | © Margaret D. cusack 1979
SIMON FRASER UNIVERSITY .
o
December 1979 ’

n

All rights reserved. This thesis may not be
reproduced in whole or in part, by photocopy
or other means, w1thout permission of the author.



1 hereby grant to Simpn Fraser University the right to lend
my thesis or dissertation (the title of which is shown below) to u.ctit

of the Simon Fraser Untversity Library, and to make partial or single

copies only for:such users or in response to a request from the library

behalf or for one of its users. I further agree that permission for

“multiple copying of this thesis for ccholu'l)? purposes may be granted .

t;yu;eiorcheneau ofcudute Qt@ies. 1t i; undetlgood thst copying

" or publication of this thesis for financial gain shal® not be allowed



S _ _ _ - _ _ _ B, e _ _ I o o
B S :
! . . CoT , - APPROVAL
] Name: Margaret D. Cusack’ (
! - Degree: . Master of Science (EducatiOn)v .
3 Title of Thesis: ., Teaching Practices in Junior Secondary
1 o Science Classes
i Examining Committee e
] - Chairman: M. Manley-Casimir
7
| M. Wideen ‘
: Senior Supervisor
/
o A. Whitney : :
,g ~_ Second Member : SR S -
% .
1

A. Sherwood
Third Member

e 2 R, - a e v - A

J. W. Géorge Ivany .
... Professor and Dean of Education . * ...
- Simon Fraser University - . ‘
External Examiner

4

Date approved D{.c.-wbzr 4, 1919

ii




ABSTRACT

Becent research -in science:education has been greatly \’/\;%f
influenced by Piaget's theory of intellectual development, J
particularly that aspect of the £hebry which reiatgs to
thé development of formal-operational structures. This
étudy focused on teaching strategies likely to promote
formal-operational reasoning patterns in adolescents. From
the research literature in secondary sciénce Eéaching, ten
teaching practices were identified which were considered
likely to promote the'development'of formal thought. Six
of the practices related to student activitiesyand four to
teacher activities in the classroom. An instrument was
then constructed, based on these strategies, which employed
'a modified sign system to aetermine‘the frequency of
occurrence of each of the activities. Science teaching
was then observed and audio-taped in 18 randomly selected
junior seconda science classrooms for a total df 52
lessons in two school districts in British Columbia. Sub-
sequent coding éf hese lessons enabled the idéntification
of present-teaéhing practices being used by the teachers in
the sample. In addition, it allowed the determination of
‘the extent to which current teaching practices in those . .

classrooms were similar to those practices considered likely

to develop formal-operational reasoning patterns. It was

found that junior secondary science teaching in this sample

iii




did not resemble the ideal pattern which would be expected’

tive of tedaching. It was concluded that the junior

secondary science teachers observed in this study were
either unaware of, or not interested in, promoting the
development of students' reasoning patterns towards

formal-operational
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CHAPTER I

INTRODUCTION TO THE STUDY
.

Context of the Problem

In recent years secondary and college science educators

=

e

in many countries have been significantly influenced in their

S e

thinking by Jean Piaget's theory of intellectual development.
Herron (1975 "and 1978),'Karplus’(l977), Lawson (1979), Lowell

(1979), McKinnon and Renner (1971), Shay¢f (1970) and Woll-

man and Karplus (1976) are among those wro ave examingd that
aspéct of the theory whiéh deals with{ thg development of .
formal-operational reaséning patterns from concrete- |
operational structures as it pertains to science teaching.

In addition, research carried out by Cantu and'Hérron (1978),
Case and ny (1973), Goodstein and Howe (1978) and Sheehan
(1970) shows that students capable of operating only at the
level of concréte operations cannot successfully learn
abstract-science concepts. They all consider that these more
cémplex reasoning patterns typical of-the formal-operational
s:;ge are essential for understanding and successful achieve- o %”
ment of topics taught in upper secondary science courses. .

However, an examination of international studies in

which the intellectual development of adolescents has been




assessed réveals that a high pefcentage of adolescents and
young adults operate at thé concrete-operational level.
Ghiappetta!s (1976) review of ten’such étudies carried out
in the Uhited Statés; Shayer;‘ Kuchemann and Wylam's (1976)
testing of over ten thousand students. in the United,Kingdoﬁ;
Karplus, Karplus, .Formisano and Paulsen's 61973) testing 6f
students in seven countries; Han's (1977) work in Korea;
Lowell's (1979) and Wheeler and Kass's (1977) work in Canada =
all consistently show that the majority of students in grades

seven through twelve function at the concrete—oﬁérational

i

level. 7 ‘

Earlier writings by Piaget (Inhelder and Piaget, 1958)
have implied that many students attained the stage of formal-‘
operations by 14-15 years. Ip view of studies doné since
then, outside Geneva, Piaget (1972) has shifted his position
and now considers, in line withxtheir findings, that normal
subjects may not attain thé étage of formalvoperations antil
between 15 and’ZO years. |

‘This means then that fe& students in jﬁnior secondary

schools are at the formal-operational stage, but that>many'

are at the age at which they would be gapabletoffdeveloping o
. ' T :
toward that stage. This suggests a need #or instruction

/
at the junior secondary ldvel which attempts to promote

development of students’ réasoning toward the more sophis-

ticated formal-operational structures.  Students who then.

progress-to-biology, chemistry and phySiQEQCQursegia@!ggpéor

high school level at around 15-16 years of age would possess
/
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the necessary structures to enable them to interact witﬁ; and

w
i et ot b itk e s Wi

understand, the fundamental abstract concepts~contdined inass n" o
s 2 . s K * - ‘ E

. thosé courses. - , ‘ o :
’ Thus it is argued that the known level‘ofrdevelopment'

of students entering-senior secondarz/Fcience courses falls.

short of that con51dered necessary for them to- fully under-

stand the concepts presented at that level It is “for this ‘ ‘%

reason that science educators such as Arons (l976),’Blake .

and Nordland (1978); De Carcer, Gabel and Staver (197%);

Lawson and Wollman‘(l976); Renner (1978); | b A

consider that the development‘of formal—ééégationalreasoning b

patterns should be one of the primary.goals of science teach- : f

ing in secondary schools. Their position, however,'aSSumes f

first that what occurs in school does enhance thefintellectual

development of the student and second that there are'teaching Z

pract{ces which can promote the desired development from |

concrete-operational to formal-operational functioning.

Friot's (1976) study indicates that there are someischool

experlences Wthh do a551st the development of concrete i o . v‘}

operatlons to formal operatlons. |
Piaget himself (1964) is qultelspecific about the ractors !

which bring‘about'the development of the structures'of one

stage to a higher stage. Until recently, hawever, attempts S 3

to implement his ideas have been restricted to the pre- | 7 BN

- 7 ' primary and primary years. - This'trend'Brainerdw(l9787—p;287l~ 1 2.

attributes to the difficulty and expense of experimenting at

the Jjunior and senior high school levels and to their
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cqrricula,tfaditidﬂally'béing less flexible than in the early

school years. Nevertheless the factors which Piaget “con-

“siders bring about intellectual development are the same for

1

A

~all stages.

Thisfbeing the case, it was decided that it would be
useful to examine the studies and_deﬁelopment in Piagetiaw

oriented research in science teaching, to enumerate a list of

-teaéhind’strategies which would be profitable in developing

formal-operational structures in adolescents in junior secon-

'dary science classes. A further step could be to consider

current practices in the light of such teaching strategies.

Statement” of the Purpose

One purpose of the slﬁdy then was to identify from the
literature those teaching practices which are considered
likely to iead to-the development, in junior secondary stud-
enté, of formal-operational structdres from conrcrete-
operatiohal reasoning patterns. These practices were to be
used to form the basis of an observation schedule. A fur-
ther purpose was to use this instrument to identify current
teaching practices used by junior secondary science teéchers
in two school districts of British Columbia and to determine
the extent to which their teaching practices were similar

to the Piaget-derived practices.



Specific Questions to be Considered (

/

What are the teaching practices considered by the

literature to aid the development of formal—dperational

reasoning patterns in adolescents?

What are the teaching practices currently being used

by junior secondary science teachers?

To what extent are current teaching practices in
junior secondary science classes similar to those
considered in the literature to aid the development \/-\H

of formal-operational reasoning patterns?

As has already been pointed out earlier in this chapter,
many science educators and teachers, including the author,
consider‘the development of the underlying structures of
formal thought to be an important goal of teaching science
in secondary schools. If there are some teaching practices
'whiqh are considered likely to assist the students' develop-
ment toward that desired stage of development, then it is
important to know how similar such practices are to current
teaching practices in junior secondary science classes.

: iR 3 might be argued that the typé of teaching which
occurs in secondary science classrooms is already known or,
if not, that it can easily be determined by asking teachers

to describe what teaching strategies they use. There is,

Gt it | AR bt L et b et

e b st e
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however, very little recént documented evidence available
about science classroom £eaching practices. Furthermore,
teachers_usually report greater variability of activities
in their classrooms than do students in the same classrooms
(Science Assessment Contract Team, 1978, p;39). Studies
such as those carried out by Gallagher (1970), and Medley
and Mitzel (1963),vwhich employed systematic observations
of classroom behaviour were done some time ago. A more re-
cent study reported by Galton and Eggleston (1979) did
address the identification of cognitive behaviours in secon-~
dary science classrooms but that study was carried out in
tﬁg United Kingdom. It was therefore considered that to
determine accurately what teaching practices cufrently occur
in junior secondary science classrooms it was essential to

directly observe teaching in those classrooms.

Limitations of the Study

~

Since the number of science teachers observed in this
study was small, and since the sample was drawn from two
school districts in British Columbia, it is not possible to
generalize the findfngs of the study to a wider population.

There was only limited time in which to develop the
instrument used for coding the teacher and student activi-
ties observed in this study and the‘instrument served the

dual purpose of determining present teaching practices and



comparing them with ideal teaching practices. Both of these
factors may have limited the description of current teach-
ing practices and therefore limit the internal validity of
the study. In addition, an inherent liﬁitation in any
observational study of this kind is the effect of the pres-
ence of observers on routine classroom activities and

student-teacher interactions.

<
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CHAPTER II

REVIEW OF RELATED LITERATURE

Organization of the Literature Review

Since this study depends on an understanding of Piaget's
theory of intellectual develobment, particularly those
aspects of the theory which are pertinent to concrete and
formal operations, then the parts of the theory which deal
with these stages will be reviewed and discussed in sufficient
detail to show how they are related to the teachiﬂg of secon-
aéry science courses.

The concrete-operational and formal-operational stages
are considered to be distinctly different levels of develop-
ment. The mental operations of each of these stages will be
discussed to show the limitations and capabilities of each in

relation to science subject material being presented to secon-

dary science students.

¢ The cognitive levels of students at the junior secondary
level, already mentioned, will be discussed in more detail.
Then students' achievements in écience courses wiil be viewed

in relation to the cognitive level at which they function.

o o A LR 4 A

Course contents and their cognitive demands will be related

to the expected levels of students taking the courses. Then



studies in which different teaching strategies have been em-
ployed in an attempt to overcome differences in intellectual
levels of students will be reviewed. Since these attempts
show that there are no strategies yet studied which eliminaté'
the poorer achievements of concrete-operational students then
ways of promoting development to the formal-operational stage
will be examined. The final section of the reyiew will iden-

tify teaching strategies recommended to encourage this desired

~development. But first, the theory itself.

Piaget's Theory of Intellectual Development

Piaget (Inhelder & Piaget, 1958) considers that there
are four major stages of cognitive development through which
all individuals progress, in the same invariant sequence: the
sensori-motor stage which occurs from birth to about two years
of aée; the pre-operational stage between about two and seven
years; the concrete-operational stage between approximately
seven a?d eleven years or older, and the formal-operational
stage whgch develops from around eleven years of age. As men-
tioned before, Piaget now considers that this last stage is
attained in normal subjects "...if not between }1—12 to 14-15
years, in any case between 15 and 20 yéars" (Piaget,'1972,
p. 10).

Brainerd (1978) explains that Piaget believes that there

are abstract organizational patterns, called structures,
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which underlie cognition and control it. -These structures,

.

or reasoning patterns as they are often called by.Karplus
et al (1977b) grow and change during the course ofban N
individual's development. Each stage is governed by'its

own unique set'of structures. The key differences between
successive stages are due to qualitative reorganizations of
structures. Renner and Lawson (1973) give an excellent des-

cription of them: ‘ -

Mental structures represent a more or less
tightly organized mental system to guide
behavior. During development of the human
infant to adulthood these structures must be
built within the brain. A complete develop-
ment sequence of structures is not genetically
given to the child, they must be learned.
According to Piaget the building of these
mental structures is what underlies the
process of intellectual development. (p.165)

Teaching, then, should be aimed at developing new mental
structures if it is to promote development from one stage

to another. -
R

.

Flavell (1963) points out that an essential character-

~_

istic of a stage is that the structures defininé earlier
stages become integrated into those of the following stages.
The stage of formal operations then inéorporates cognitive
activities which are performed on the preceding concrete~-

operational stage. He further explains that

a stage has an initial period of preparation
and a final period of achievement. The prep-
atory phase with its flux and instability
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gradually gives way to a later period in
which the structures in question form a
tightly knit, organized and stable whole.
(p.21)

Structures control how and what we think and guide
behavior. They actually represent our knowledge. An educa-
tor interested*in developing the structures of a more adyanced
stage should bé aware of the gradual development of ﬁew
structures and be preparedkto allow sufficient time for
repetition of new thinking patterns. He shouid also be alert
to the fact that new structures are initially unstable and
therefore cannot always be used reliably by a student. Some-
times newly developed reasoning patterns will be put into
operation successfully; at other times they will appear to
be absent and teachers should learn to expect this inconsis-
tent ior during a student's development.

Twd principal, fﬁndamental, and complementary character-
istics of intellectual functioning which Piaget considers
to be invariant over the whole of a person's dgvelopmental
span are organization and adaptation. The organizational
characteristic can be inferred from the fact that intelligent
behavior does not seem to be a random trial and error process.
The very young infant, for exampie, has available the separate
behavioral structures of either léoking at objects or grasp-
ing them. After a period of‘develop%ent he combines the two

into a higher order structure which enables him to grasp

something while looking at it. The coordination of the

S N U PN
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phyéicél procésses of the body into an efficient system is
also considered to be a result of this organization tendency.
The second general principle of functioning is adapta-

tion. All organisms are born with a tendency to adapt to the
environment and man is no exception. According to Sigel
(1969, p.466) Piaget conceives of intelligence "...as an

- adaptation to the social and physical environment." Intel-
lectual adaptation is an interaction between a person and
the environment. Further, adaptation is considered in terms
of two complementary processes: assimilation and accommoda-
tion. These two processes will be discussed in some detail
because it is through them that new structures develop.
Knowledge of ‘such development is of prime importance to this

study.

Assimilation and Accommodation

On the one hand, a person incorporates or assimilates
1 13 V 0] . » . : - N~
incoming information into his present structures, while on

the other hand he modifies or changes, that is, accommodates

existing structures to enable him to make sense out of tﬁ@%%
3 new information. It is clear, then, that the two processes
: are complementary. A person assimilates an environmental

¢

event into a structure while at theAsame time he accommodates

‘the structure to understand or make sense out of that event.

Thus accommodation is involved in developing new and more com-

plex structures and these structures determine and limit
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behavior.

When incomiﬁé’information is within the scope of an
individual's existing structures it is assimilated with very
little change or accommodation. ‘If, however, new information
is too far above the individual's present level of development
any attempted assimilation requires too.much change in the
existing structures and it cannot be accommodated. Piaget

\
" New inforgation well within the range of existing 'structures

says this eauses disequilibrium in the existing structures.
Y

is easily assimilated but since it}dbes not demand'any accom~
modation, it does not promote any development.

_Fbr the teacher wishing to promote the development of
more complex struétures there are implications about the
selection of material to be taught. New experiénces should
be chosen which are just sufficiehtly novel as to produce the
right amount of assimilatioh and accommodation to enable more
complex structures to develop.

These complementary processes obviously play a key
role in Piaget's explanation of intellectual development but
they are not the only factors involved. Before considering
them in relation to science teaching practices, the other

factors will be discussed.

Factors Underlying Intellectual Development

Piaget (1964) lists four main factors which explain the

development of one set of structures from another :/”

B oAl SR a2 bk, o'+

i
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First of all maturation...since this develop .
ment is a continuation of embryo-genesis;

sécond the role of experience of the effects

of the physical environment on the structures

of intelligence; third, social transmission ' -
in the broad sense; and fourth, a factor

which is too often neglected but one which

seems to, me fundamental and even the prin-

cipal factor. I shall call this factor,
equilibration, or if you prefef§1t of self-
regulation. (p.173)

Since the concern of this study is the developmenf of

adolescents' reasoning patterns towards formal—ope;ational ' ;
structures which will enable them to‘understand abé%ract

science concepts, then each of the four factors mentioned

by Piaget will be considered in more detail in reference to

science teaching.

Qo ’ Va
Maturation {/

<
The intellectual capacities of a young child are

Obviously very different from those of an adult. As the
brain and central nervous system mature they make . it
possible for the_child to use\%hought and language. Gins-‘
burg and Opper (1979) consider "the question is not whether
maturation has an effect,ibut how important the role of
maturation is and how it operates" (p.207). If maturation

were the only factor involved, then teachers would only -

. have to wait for it to produce the required development.

Obviously other factors have an effect but they are neces-

sarily limited by a student's level of maturation.  There
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is very little a science teacher can do about the role of
maturation except to note that it may set some limitations

on “intellectual development.
Physical Experiences

A second influence on development is contact with :
the environment. By means of physical actions such as hqu— ;
ling obﬁects and manipulating them, a child extracts frgg) ;
&the objects themselves knowledge of their physical proper-
ties. For example, weight is experienced‘by lifting differ-
ent obﬁects and shape, such as the roundness of a ball, is
understood by handling a ball. These are physical exper-
iences which involve the assimilation of new ideas into -
existing structures. xIn addition, new knowledge can be

gained by reflecting on these interactions with materials.

A child playing with pebbles learns about the size and
P S

P

~.weight and texture of them but by continuing to manipulate . ' :
hem, rearrange them and count them he eventual%y learns
t%at their number is the same no matter how theézafe
A\
arranged, or in what order they are counted. This new
knowledgeL gained by reflective abstraction of the child's
actions, requires a logico-mathematical experiehce. Piaget

2
distinguishes this from purely physical experiences.
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Social Transmission

In addition to maturation and physical experiences
there‘is’a third factor: social or l%nguistic transmission.
Thisjrefers.tofsuch things as a parent telli;;‘é stdry to
iéschild or perhaps a teacher giving instructions to a class
or students discussing a question with their peers. The
child can learn a multitude of ideas if they are passed‘on
in this way. As Ginsburg and”Opper put it, "Because of
social transmission, the child need not fe—invenf every-

thing for himself" (p.211). . But it must be remembered that

. . . . . 2 .
just listening to a conversation will not enable the child

to understand the topic being discussed. He must possess
the‘cognitive structurés which enable him to assimilate it
before he can appreciete knowledge bassed on by other
individuals. Social transmission itself is not sufficient
to produce cognitive development but it does aid in cog-
niti;e development. For this reason, schools and other
places where verbal interactions aﬁd discussions are likely:
to occur or are encouraged, such as churches and clubs,
contribute to intellectual growth but do not entirely

determine it.

There is a fourth fdétor which integrates the effects

of the tHng just discussed: equilibration.
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Equilibration » , , SR

9

t According to Piaget this is a self-regulatory

-

process and may be considered to involve the folléwing

]

steps. First, an individual has some given level of intel-

ligence such as the structures which make up the concrete-

i B i il T e S Sl

b

operational level- of intelligence. The range of situations
demanding intelligent behaviors which these structures can

han@le is- limited. If new information is encountered which

calls for intelligent behavior beyond their scope then such 1
encounters produce a state of disequilibrium-i;‘the struc- %
tures. Thevstructures must change and becoﬁe more
intriéately organized to allow this information, which is
currently beyond their scope, fo be asbimilated. A new
level of structures results which-.is more complex, and
which is considered more stable, because there will be
fewer situations thch willrsubsquently throw them into
disequilibrium’ because their scope has broadened. 7 - .
Tbis whole process is calieq equilibration or A
self—regulétion and is cdnsidefed by Piaget to be con-
stantly occurring between birﬁh‘gnd“late adolgscencef after
which very little broadening of structures is believéd to
occﬁr. The equilibratibn_procesé is- the mechanism by which

the child moves from one state of equilibrium to the next,

latickiir e
!

* -

] . . = . .
- : .that is, from one stage to the next. - - - : ‘ =

- The science teacher interested in encouraging

intellectual development should provide situations-which
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induce equilibration in ﬁ;udents. New experiences should
be planned which are justxbeyond the student's present lével
of reasoning. Students sﬁould then be encouraged to inter-
act with the new ideas and‘discuss them witﬁ4£heir teachers
or peers until they eventu%lly accommodate them-by apply-
ing effective new reasoniné patterns.

Wheﬁ new problem;kare first encountered, such as
one involved in working out\the number of moles of acid

|

reqﬁired to dissolve certaiﬂ weights of a metal, they

require the student to inter%relate existing reasoning

\
|

patterns (here the ideas of ﬁhe mole concept, concentration
of solutions and stoichiometr&). The carrying out of
various laboratory activities‘usingfdifferent volumes and

concentrations of acid with the same weight of the metal

would provide physical experience of thé problem. Discus-
sion with the teacher or other students in the class would
provide social transmission of ideas relating to the prob-
lem. The student who cannot immediately solve the problem
should be allowed time to reflect on his observations and
if necessary restructure tﬁe task in.an attempt to solve
it. In this way, he then comes to realize the shortcomings
of his present reasoning patterns. Eventually, if he can-
not reach the correct answer by himself, his teacher or his
peers may have to provide it for him.

Having correctly worked through the problem once,

the student should repeat similar activities to make sure

the interplay of thought and action induces enough self-
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regulation to firmly establish the newly developed reason-
ing patterns. Karplus et al (1977b) emphasize that this
repetition is necessary to enable the new structures to
become fully integrated with the ola to produce a new
equilibrium. They also insist that an essential part of
the process is to provide situations in which the student
initially has time to try to work out new problems by him-
self. If he cannot, then he is aware of the inadequacy of.
his reasoning, and ready to alter his existing structures.
This approach assumes that the studeht has had previous
experience with the basic ideas needed to solve the new
problems,‘otherwise the whole exercise is far too difficult
and the new reasoning patferns too far above eiisting ones
to allow interaction with it.

The idea of inducing equilibration will be re-
ferred to again when specific teaching strategies to promote
formal thought are being considered. Before that is done,
however, there are some other aspects of the theory and
related literature to be discussed. They include, first of
all, a more detailed look at the mental opefations of the
concrete—operational and formai-operational stages in terms

of secondary science subject matter.

/

i
\
¢
E e

i ebariutront 0 el Y e ettt a5

fttigee ] ot b 2 o ke



b A o €

A T I e e

B A U

Mental Operations of the Stages

Concrete—-operational Reasoning Patterns

Concrete operations are based on the logic of classes
and the logic of relations. 'Classificafion involves the
ability to set up classes and hierarchies of classes. Thisb
in turn involves.thé ability to use the-operations of addi-
tion( subtraction, and multiplication in dealing‘yith
classes. For example, children at this stage wouldurecog—
nize that the class of all children is made up of the sum of

boys and girls. 1In the same way, the number of boys‘could

be found by subtracting the number of girls from the total

number of children. Pre-operational children do not recog-
nize these relatidnships because they do not possess rever-.
sibility which is essential for this typé of reasoning.
They can only deal with the parts, or the whole class, but

cannot make generalizations about both.

The operation of seriation also develops during the
period of concrete operations. Foprexample, at this stage
a child can put sticks of different lengths in order of
increasing length, without necessarily starting with the
shortest or the longest. The child not only recognizes some
sticks are Eonger, he also recognizes some are shorter than
others and he can progress from any stick with which he

starts. Again the process involves reversibility.
Another concrete operation that has been widely investi-

gdked is that of conservation. Children at this stage

20
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recognize that two corresponding rows of ten equally spaced
objects have the same number of objects. If one row is then
spread out, the child who can "conserve" will recognize

that they still both have the same number of objects. Prior
to the concrete period children will claim that the longer
rowrhas more objects.

In addition, children at this stage can conserve mass.
They recognize that no matter what shape a piece of plasti-
cine is made to assume, it will always have the same amount
of substance in it if nothing is added or taken away. Brain-
erd (1978) and Neimafk (1975) consider that the host of
replication studies done in the area of conservation show
that children acquire conservation of mass, then weight and
then, some two years later (in the formal-operational stage),
they conserve volume.

Children at the stage of concrete operations possess
reversibility, and conserve mass and weight. The concrete
operations they possess are based on the logic of classes
and the 1ogic of relations. Using these operations they are
able to dgal with reality, that is, concreterobjects.

Sigel and Cocking (1977) summarize the abilities at this

stage by saying:

Ot S

In the concrete operational period the child
thinks in operations but is tied to the
observable and needs props to work with.

The child is able to think in terms of
classes, relations and number. To be able
to do this he has to be able to under-

stand reversibility and conservation. (p.65) ;
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Since the student at this stage can only employ the
operations in the presence of concrete objects or directly
observable properties, his reasoning and problem solving
still have many limitations. He cannot yet deal with poten-
tiai actions, abstract ideas or theories. As Cantu and
Herron (1978), Hartford and Good (1976), and Goodstein and
Howe (1978) point out, this means that such science topics
as the kinetic theory, the law of constant composition and

atomic theory are currently beyond his scope.

Formal-operational Reasoning Patterns

Once the student develops the structures of the formal-
operational stage, however, his thinking processes are
entirely abstract. Verbal statements may be substituted for
objects and a new type of thinking, pfopdsitional logic,
operates. The student's thinking is ho longer tied to
reality; he can deal with hypothetical propositions.

An adolescent who possesses the reasoning patterns of
formal thought approaches problems and observations in é‘
systematic way. In the course of experimental manipulations
in the laboratory, any observed outcomes are considered as

being only a part of a whole range of possible occurrences.

That some outcomes do not occur enables the formal student to
isolate the factors which might prevent them from occurring

and yet allow others. The formal adolescent, then, is able

to think in terms of all possible combinations, "whether

22
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these combinations arise in relation to experimental prob-
lems or purely verbal questions" (Inhelder & Piaget, 1958,
p.253).

This combinatorial systém which is developed enables
him to see reality as only one of many possibilities. Con-
crete structures do not allow this type of reasoning.

While the‘ability to think in terms of all possible
combinations is considered by Piaget to be the fundamental
difference between the formal stage and the concrete stage,
there are other mentai operations which he considers are
developed concurrently‘with this structure. One is the
ability to hold all facgors constant in an experiment but
the one under investigation. Piaget views this as énother
outcome of the adolescent's ability to handle all the six-
teen binary operations df propositional logic.

The other operations which the formal adolescent
possésse§ are referred to as formal-operational schemes and
are closely related to the formulation. of scientific laws
and the extraction of functional relationships by which they
are mathematically interpreted. They are the operations of
proportionality, probabiliéyf;nd correlational thinking.
Both propositional-operations and formal-operational schemes
are considered by Piaget to develop in synchrony during
adolescence.

Accordingly, a formal student can be recognized by the

way he approaches new problems. Flavell (1977) describes

P e s
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it in the following way:

The formal-operational thinker inspects the
problem data, hypothesizes that such and
such a theory or explanation might be the
correct one, deduces from it that so and
so empirical phenomena ought logically to
occur or not occur in reality and then
tests his theory by seeing if these pre-
dicted phenomena do in fact occur. (p.103)

3

That is, the teacher can expect the student to be able to
use hypothetico-deductive reasoning.

In more general terms, the adolescent who is a formal
thinker can be expected to engage in a variety of.forms of
thought which would be impossible without the combinational
system (the sixteen binary logical operations) or some
logicél equivalent of it. Ginsburg and Opper (1979) des-
cribe the formal operational student as one who makes reality
secondary to possibility, who can imagine that many things
might occur and that many interpretations of data might be

B feasible. The adolescent's thought is hypothetico-deductive,
he can consider all possible combinations and he can deal
with propositions as well as objects. His thought is flex-
ible and versatile and he is capable of dealing with prob-

lems in many ways from a variety of perspectives.

= The formal stage appears to differ appre-
. ciably and significantly from the earlier
Piagetian stages. Full development ]
appears to be wvery much the rule at
earlier stages but appears to be the
exception at this stage. (Dulit, 1972, p.297)

R EEREEIh.,
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Between the comrcrete-operational stage and the fully
developed formal stage Piaget considers that there is a
lengthy phase of preparation during which the adolescent may
sometimes give evidence of using formal structures but at
others revert to using only concrete structures. It is a
sfage in which the individual's structures are in disequil-
ibrium and is referred to as the transitional or formal
stage III A. Teachers can expect students at this level to
occasionally but not reliably apply formal reasoning to their
problem soiving but even the occasional use should be taken
as evidence that they are developing towards the desired
final stage.

Of direct concern to this study is how the stages of

. development relate to the contents of a science course.
What scientific concepts do concrete-operational and formal-
operational reasoning patterns enable a student to assimi-
late?

Karplus and his co-workers at Berkeley, California
have published a summary of the reasoning patterns they
expect students at each stage to be capable of using. The
summary, reproduced in Table 1, is useful because it relates
each mental operation to a particular science topic or gives
a science course content which a student using that opera-

- tion could understand.
Another summary is provided in Table 2, which was pre-

pared by Lovell (1979) working in the United Kingdom. It
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Table 1
Concrete and Formal Reasoning Patterns

Examples of Concrete Reasoning Patterns

Cl Class Inclusion - classifying and generalizing based on observ-
able properties (e.g., distinguishing consistently between
acids and bases according to the color of litmus paper; recog-
nizing that all dogs are animals but that not all animals are

dogs) .

C2 Conservation - realizing that a quantity remains the same if
nothing 1s added or taken away, though it may appear different
" (e.g., when all the water in a beaker is poured into an empty
- graduated cylinder, the amount originally in the beaker is
equal to the amount finally in the cylinder).

C3 Serial Ordering - arranging a set of objects according to an
observable property and possibly establishing a one-to-one
correspondénce between two observable sets (e.g., small
animals have a fast heart beat while large animals have a
slow heart beat).

C4 Reversibility - mentally inverting a sequence of steps to
return from the final condition of a certain procedure to its
initial condition (after being shown the way to walk from home
to school, finding the way home without assistance).

Examples of Formal Reasoning Patterns

Fl1 Theoretical Reasoning - applying multiple classification, con-
servation logic, serial ordering, and other reasoning patterns
to relationships and properties that are not directly observable
(e.g., distinguishing between oxidation and reduction reactions,
using the energy conservation principle, arranging lower and
higher plants in an evolutionary sequence, making inferences
from the theory according to which the earth's crust consists
of rigid plates, accepting a hypothesis for the sake of argument).

F2 Combinatorial Reasoning = considering all conceivable combinations
of tangible or abstract items (e.g., systematically enumerating
the genotypes and phenotypes with respect to characteristics
governed by two or more genes).

F3 Functionality and Proportional Reasoning ~ stating and interpret-
ing functional relationships in mathematical form (e.g., the rate
of diffusion of a molecule is inversely proportional to the
square root of its molecular weight). '

F4 Control of Variables - recognizing the necessity of an &xperimen-
tal design that controls all variables but the one being investi-
gated (e.g., in the Mealworm Puzzle, recognizing the inadequacy
of the setup using Box 1). .

F5 Probabilistic and Correlational Reasoning -~ interpreting observa-
tions that show unpredictable variability and recognizing rela-
tionghips among variables in spite of random fluctuations that
mask them (e.g,, in the Mealworm Puzzle, recognizing that a '
small number of specimen showing exceptional behavior need not
invalidate the principal conclusion).

. : Note: From Karplus, R., Lawson, A.E., Wollman, W., Appel, M.,
3 Bernoff, R., Howe, A., Rusch, J.J., and Sullivan, F.
Science teaching and the development of reasoning.

Lawrence Hall of Science, 1977.

)
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' X Table:2 -

Early .and Late Concrete and Formal Operations

-

Early concrete operations .~

The pupil will investigate what happens in a haphazard way ’ ‘ .

- will argue -fhat “this goes with that" (association only)

- will order a séfies{(e.g. lengths or weights) but is
unable to do so as'part of a perception of a relation-
ship 1n an investigation

. R o ‘ : ﬁ"¥‘is unable to use any model as theory. N

Late concrete operations

~ will find out what happens, including the use of !
seriation and classification as tools of perception
. o, . !
- can use ordering reldtions to partially quantify
associative reasoning, e.g. "as this goes up that goes
down,"” "if you double this you must double that"

- can use sefiatidn and the multiplication of two
seriations as perceptual strategies

- understands the rules of a simple model but not in
relation to the experiment at hand.

Early formal operations

The pupil will show more interest in looking for why.

- see the point of making it‘simplified to one variable, -
but cannot perform the simplification systematically

himself .
- be able to establish causative necessity

- use or perceive metric proportion in a concrete.
gituation ) o
i
- make simple deductions from a model if the use of the
latter is explained.

Late formal operations . s

- have an interest in checking a "why" solution <

- know that in a system of several variables he must
"hold all other things equal" while investigating one
variable at a time

- formulate general or abstract relations

- use direct and inverse proportionality for perceiving
and formulating relationships

- actively search for an explanatory model or extend -
one that is given. -

Note: From Lovell, K. Intellectual growth and the school cur-
riculum. In F.B. Murray, The impact of Piagetian theory. i
University Park Press, 1979.
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is included because, unlike the Karplus bne, it lists the

- operations which a student is considered to possess during

the early 6r preparétional phase of each stage as well as
during the fully developed phase. The operations listed on
this table are written in more general terms than those in
Table’l and are therefore perhaps less useful for working out
the relafionship of the stages té the contents of a secondary
science course. | ! ) .

The table does, howeveg, provide guidelines for teachers
who are interested in trying to determine from the thinking
behavior of their students the intellectual stage to which
they have developed. F;r example; if a teacher recognizes
that a student sees he necessity, when investigating a
system of severai variaﬁles, "to hold all other things
equal" while investigating one variable at a time, then the
student is at the late formal stage. That student should
also be able to formulate general or abstract relations and
be able to use direct and inverse proportionality.

The thiﬁking patterns used by students in science
lessons can give teachers an insight into the developmental
stage of the students. A general idea of the 'cognitive
stage to be expected can also be gained from the ages and
grade level of the students. This follows from the results

of studies done by science educators in which Piagetian

stage has been determined. Some of these studies will now

be discussed.
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Cognitive Levels of Secondary Science Students

Several studies have been done in all parts of the
world to determine the ages at which adolescents attain for- | “
mal thought or alternatively to determine the stages to
which students in high schools haﬁe:aéveloped. Initially
Inhelder and Piaget (1958) led invesgigators to believe that
the onset of formal operations occurred,as early as eleven
yearé and was fully developed by around fifteén years of age.
Correspbndence with Inhelder by Dulit in 1972 makes it clear
that only those shbjects in the 11 to lS—&ear-bld group who
did display formal thought were feported in that reference,
and they came from the bettgx/échools of Geneva; More
recent studies make it clear that development to the formal-
operational stage, once expected to héve occurred in the
early secondary years, should not be expected until much
later.

Since formal operations afe complex énd consist of
several different reasoning patterns, then oniy those
s;udies which have employed three or more Piagetian-type
tasks to determine stage level will be discussed here.

As Bady (1978) points out, "It is meaningléss to claim that
a specific percentage of the population is formal or con-
crete based on the results of a task or two. The structure
of formal operations is more complex than that..." (p.238)

As discussed in the introduction to this study,

Chiappetta (1976) reviewed seven studies carriéd out in the :

. 3
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United Statesrin which the cognitive level of higﬁ school
students was déte;mined. The results of these studies
together with several ,others are summarized in‘Table 3.
They show that between 77 and 83 pér cent of junior high
school students were found to be at the concrete-operational
level. Between 41 and 86 per centl8§ senior high échool
students were also found to be concrete. It should be noted,
however, that the latter very high percentage was reported |
by Nordland, Lawson and Kahle (1974) who carrieﬁ cut theirv :) -
testing in a disadvantaged urban high school. . ” 7

Blasi and Hoeffel (1974) presented a téﬁle,of the per-
centage incidence of forma;-operational thought across
different ages, as found by various researchers, and'cqn--‘
cluded that a large percentage of individuais of normal
intelligence and average social Backgréund did not seem to

2

function at.the formal-operational level in adulthood'norrAl - |
in adolescence. ‘ -
If one focuses on only fhose studies which are ‘con-=,
cerned with junior sg€condary students, as presented in
Table 3, then;the peréentage who ére fully formal-operational
is quite small. ‘
For example, Friot (1976} working in the United States
found 6 per cent of a sample of 210 éradé eight4and nine
" science students td be fully fqrmal. Han (1977), working 'f

in Korea with grade nine students, found 0 per cent to be S -

fully formal while 22 per cent were early formal-operational.

| - , A ‘
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4 , Table 3 . .
. : | ' C e

. }“ R | .
T Percentages of Students at Different ‘1
Piagetian Stages :
Piagetian Stage |
* ]
Grade .. Con. Tr. - Form. f
Study ’ N Level % % % !

Friot (1976) 210 8,9 Pre 82 - .6
Post 44 - 40 i
‘ i
Han (1977) 127 9 78 22 0. :
3
. Lawson (1974) 101 11,12 E
51 Biol 64.8 - 35.2 :
50 Chem 22 - 78 )
Lowell (1979) - 50 - 7,8 88.5  11.5 0 ;
62 9-11 70 16.7 13.3 ]
Nordland, Lawson 96 7 - 83.4 - 15.6 é
& Kahle (1974) ' , ;
506 11,12 85.6 - 13.2 j
Renner & 298 7-9 77 13 6 ;
Stafford (1972) : :
290 10-12 66 17 14 :
sayre & Ball 214 7-9 89. 2 - 10.8 :
(1975) _ ;
, 205 10-12 42.4 - 57.6 :
Tisher (1971) 232 7-9 71.6 - 28.4 ;
Wheeler & Kass 168 10  78.5 - 21.5 ;
(1977) - : : : ;
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Leaell (1979), working in Canada, tested 112 randomly

selected grade seven through eleé%n subjects and £Qund 88

per cent of the grade seven and elght group to be concrete-
operational. In Australia, Tisher (1971) found 71.5 per
Cent of a sample of 232 junior secondary students to be

concrete-operational. Sayre and Ball (1975) found 13.5 per

- cent of their sample of 214 grade ‘seven, eight and nine

students in the United States.to be formal. Working with
a slightly older group, Wheeler and Kass (1977),found 21.5
per cent of their sample of grade ten chemistry students in

Canada to be fully formal-operational. While this is the

‘highest percentage reported, it means that only one-fifth

of the students at that level are capable of.consistently‘
operating with formal reasening—patterns.

Further, studies carried out on a much larger popula-
tion such as those conducted by Shayer et al (lQZﬁLﬁln the
United Kingdom and Karplus et al (1977a) in Austria, Den- .
mark, Germany, Great Britain; italy, Sweden and the United
States gave a similar picture of intellectual development.
For example, the Shayer study, which tested,over 10,000
students between the ages of nine and fourteen years, showed
that most students in early adolescence showed rapid
development in concrete thinking but that oniy one-fifth of
them showed turther development toward formal-operational

thought,d In fact, only 5 per cent of the students tested

had reached that stage by age 14-16 years.
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The Karplwus study which tested 1800 girls and an almost
equal number of boys in the 13 to 15-year-old age range was
more likmited in that it was only concerned with two areas :
of formal reasoning; It showed that a large fraction of
the students used concrete reasoning patterns exclusively
when doing problems involving proportional reasoning and
control of variables..

It should also be noted here that the authors of the
Karplus study found small but significant country-to-country
differences which they attributed to the influeﬁce of teach-
ing on the development of the reasoning patterns investigated.
They considered that "applying proportional or control-of-
variagles reasoning is not the result of a process |
exclusively internal to the young people" (Karplus et al,
1977a, p.416). |

Meanwhile, it must be concluded from the studies of théhl
intellectual level of development of students in junior ) :
secondary schoois Eﬁat only 15 to 20 per ‘cent of the students
are capable of ope®ating at the fully formal-operational
level. While theré would be some, about 15 per cent, at the '
transitional level most, around 70 pér cent, would be ‘
concrete-operational. |

The next topic of discussion, then, is the.efféct that -

the learners' level of development has on their achievement

in science classes.
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Level of Cognitive Develdpment and Achievement in Science
Classes

If, as just concluded, the majority of adolescents in
high schéols function at the concrete-operational level and
thus do not possess formal-operational reasoning patterns,
then this Qould be expected to affect their achievement in
science. In fact, several investigators have examined the
reiationship between the cognitive level of development of
students and their grades in science subjects, or their
level of achievement in science tests. De Carcer, Gabel,
and Staver's (1978) review of some of these investigations
showed that high school students’ grades and SAT scores
were significantly correlated with the students' levels
of cognitive development.

For example, Sheehan (1970), who worked with 104
randomly selected high school students, found that subjects
classified as formal-operational on a pre-test consistently
scored higher on a post-test of science queétions/about
topics taught during the intervening period than those
classified as non-formal. Similarly, Sayre and Ball (1975),
who randdmly selected 214 students in high schools in grades
seven to nine Qnd 205 students in{gradeé ten to twelve, sub-
sequently classified‘them as formai or non-formal on five
Piagetian tasks. They then comparéa the student's intellec-
tual level as determined by these tasks with the grades

obtained in all of the student's subjects. Subsequent
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analysis showed that both junior and senior high school
students who were classified as formal received siénifi—
cantly higher grades»than did those classified as non-formal. %

Lawson and Renner (1974) administered four Piagetian
tasks to 134 students in grades ten, eleven and twelve in
a high schoél in an above average shburban population in
Oklahoma. Then they tested the same students' understanding
of science subject matter, taught during that current school
year, with 15 concrete and 15 formal multiple choice ques-
tions. The results supported Sayre and Ball's premise that
concrete-operational students would be unable to develop
understanding of formal concepts although they would under-~
stand concrete concepts. In a critical analysis of this
study by Wilson (1977), he commenﬁed "that higher level
questions (Blodﬁ's Taxonomy) are more difficult for students
to answer...It is not surprising that students on a concrete
level find simpler questions easier to answer" (p.14).

Put more simply, the research confirms what one would
expect: students with higher levels of cognitive develop-
ment are capable of higher achievement in science, when %
the subject matter is more difficult and more abstract,
than students with a lower level offdevelopment. For this .
‘reason, a substantial portion of secondary science subject
matter, particularly that which deals with theories and

v . - RO

concepts or which involves proportional reasoning and the

~

formulation of mathematical relationships between variables,
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is not suitably matched to the intellectual level of the
learner.

While discussing achievement and its relationship to
intellectual development, it is appropriate to examine
briefly both of these in relation to the more general

measure of intelligence: IQ.

IQ and Piaget's Stages of Development

‘The distribution of Piagétian stages of thinking in
British middle and secondary school children as reported by
Shayer et al (1976), referred to earlier in this review,
suggested that students with high ability level as measured
by intelligence tests deveioped more rapidly toward the
formal stage than those with average ability. Of a school
populatik which had students in the top twenty per cent
of abilig;, 23 per cent had reached the fully-formal stage
by age 14-16 years, compared with 5 per cent at that level
in an average school population.

This is in agreemenf with studies reported by Blasi

and Hoeffel (1974). Their tabulation of the percentages

of formal-operational thinkers in various populations by

age and by IQ range showed that when the IQ range was above

average the percentage of subjects who operated at the

+

formal-operational level was always higher for a given age

range than when the IQ range was average. For example,

Lunzer (1965) found that 48 to 54 per cent of above average
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IQ eleven to fourteen-year-olds were fully formal. Dulit
(1972), who tesﬁed boys between sixteen and seventeen years
.0f age with an IQ range of 130-140, found 75 per cent of
themrto e fully formal.
De'zries (1974) investigated the relationship between i
IQ, achievement and Piagetiah aésessments and found that
Piagetian tasks appeared to measure different. things from
either achievement or intelligence tests. She reported that
her results agreed with the low to moderate relationships
reported between Piagetian task measurements and IQ cited
- in other literature.
While IQ and Piagetian stage refer to\different meas-
ures, it appears that students who are found to score well

®

on IQ tests are likely to develop to the stage of fully &5k

formal thinking at a younger age than students who have low |
IQ scores. )

Students in the same science class will have varying
abilities and will be at different Piagetian leveis of
development. Recognizing this, some teachers have attempted
to devise teaching strategies which would overcome the
differences, particularly when trying to teach science
topics which require the understanding of abstract concepts.
Studies which investigated the effects of these different

teaching strategies on students' understanding of the

science concepts taught will now be discussed.
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Teaching Strategies Employed in an Attempt to Owercome
Differences in Cognitive Levels of Students in Science
Classes ’

Most of the experimental studies which have investigéted
the effects of differences in instructional moaé on achieve-
ment in science subjects have used two different methods of,
teaching. One, referred to as an active or concrete method,
involved an emphasis on the handling of models and the
manipulation of, and interaction with, concrete objects.

The other, referred to as verbal or formal, used a didactic
approach in which students were simply told about the R
science topics or were involved in verbal reasoning about
new topics being presented.

Talley (1973) in a one-semester introductory college
chemistry course provided an experimental group of students
with molecular models for all the reactions studied and
encouraged the students in that group to use the models
to represent all the reactions introduced and studied in
£he semester-long course. The control group were taught
by the didactic method. For questions in the post-test,
which involved higher cognitive level thinking, the experi-

mental group showed significantly higher achievement,

suggesting that the interactions with the models had enabled

the students to come to a better understanding of the
chemistry studied.
Sheehan (1970) worked with students in a younger age

group: those between 12~ 6 and 13- 3 years in a junior

[ ATy
'
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secondary high school. Having administered the Longeot

test to classify a large group of students according to
Piagetian stage, he randomly selected 30 students from the
concrete-operational and 30 from the formal-operational
stages. Half of each of these groups were then assigned

to two different modes of instruction; concrete and formal,
in three science concepts.

The results of the post-test on understanding of the
science taught during the three days' instruction showed .
that the highest achievers were the students classifiied as
formal who had received concrete instruction. The achieve-
ment of the formal students taught by the formal method was
higher, but only slightly, than the concrete students taught
by concrete method.

Sheehan concluded from these results that formal- =~ . -
operational students achieve better in science than '
concrete—-operational students regarﬁless of the method of
instruction. Secondly, concrete instruction was more
effective than formal instruction with both formal-
operational students and concrete-operational students.
It appeared that when students manipulated materials and
interacted with them, more assimilation and accommodation
of new information into their existing structures occurred, 3
which produced a consequent increase in their knowledge.

In another study, conducted by Cantu and Herron (1978),

high school students were classified as concrete-operational
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and formal-operational by administration of the Longeot
test. Twenty students from each category were subsequently
assigned to two chemistry classes. They were taughf six
chemistry concepts, one per week for six weeks in a daily
twenty-minute activity period, by two different instruc-
tional methods.

The experimentallgroup were provided with diagrams,
examples, models and fllustrétioﬂs to focus the students'
attention on the perceptible attributes of the abstract
concepts being taught in an ‘attempt to reduce the need for

hypothetico-deductive reasoning unavailable to the students

who were concrete-operational. The other group was taught

by verbal methods without any(of the aids mentioned above.
On the post-test, which was designed to test the
students' understanding of the six concepts taught during
the study, the concrete-operational students who had been
taught with the aid of examples, were found to have achieved
significaﬁ%&y higher than those taught without the aids.
Unlike the Sﬁéehan study, there was no significant differ-
ence in achievement between the formal students taught by
each method.‘ Cantu and Herron considered the following
conclusion justified: "No matter whether concrete or formal
concepts are being taught one should expect the achievement
of foxmal—oberational students to be greater than the
achievementlof concrete-operational students." Further,

"no teaching strategy will eliminate the difference in

A ——
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achievement observed between concrete-and-formal-operational
students" (p.142).

Goodstein and Howe (1978) reached the same conclusions
after their study, which in?olved four classes of a regular
high school chemistry course in six weeks' instruction in
stoichiometry. They chose this particular topic because it
required knowledge of the particulate nature of matter,
understanding of the mole concept and the ability to do
proportional reasoning, all of which required formal-
operational reasoning’patterns. Also, ﬁhis topic aepended
only minimally on previous learning in the course which |

. meant that any achievement as measured by the post-test
would depend very largely on instruction in the topic
during the experiment.

'lThey first determined the Piagetian stage of each

student by using a test designed and validated by Gray.
Then instruction was given to all four classes over a period
of six weeks. Two of the classes were taught by methods
which made frequent use of models of atoms, iéns and
molecules whenever possible, and also included activities

which involved the&igea of weight ratios of atoms of differ-

~,
N

ent elements. The other two classes were taught by the
lecture-response mode_but this was combined with the
normal laboratory work for this topic.

The results of the post-test showed that the concrete-~ :

operational students did not profit from the use of

¢ ;

s 45 g,



42

AR B s Lt trmiee e

. 3 i . i !1 ’ A i 3 ] ﬁ 1 » | i ' 3 i L]

concrete-examplars but that those students who were at the

fully formal-operational stage did. Aéain it appeared that /
the students who benéfitted most from active instructional
ﬁethods were those who already possessed.tgg underlying »

structures of the formal stage with which to interact with

the materials and ideas presented.

cated that if the intended learners were incapable of formal

thought when the science topic required that level of think-

ing, then "the topic should either be postponed...or
reduced in complexity and abstractness so that it can be
comprehended at a coﬁcreteéoperational level" (p.365).
From the four studies looked at in detail in this
section of the review it appears that no matter what teach-

ing strategies are employed in science classes, the student

who benefits most is always the one who has already

developed the underlying structures of the formal-operational

thinkﬁng patterns. This is particularly evident when the

science topic being taught involves the use of those - .
reasoning patterns, such as proportioﬁality and the formu-

lation of abstract relationships (as in the Goodstein and

Howe study above) which are considered by Piaget not to

develop until the formal stage. It is concluded that no

teaching strategy overcomes the differences in cognitive

syels O g stude S,
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Formal stﬁdentsiare at a distinct advantage when it
comes to understéndin@ most science concepts. Recognition
‘of this advanfage has led some science educators to inves-
tigate the possibility of training concrete students to>

» ] :

develop some of the thinking patterns known to be possessed

by formal students.

Training Studies Which Attempt to Develop Formal-Operational
Reasoning Patterns

De Carcer ét al (l§78) cited 15 éﬁch traiﬁingrétudies
‘which have been reported in the literature-since 1971 and
discussed them according ﬁo the éategory on which the train-
ing focused. Those in which students were trained to give

correct answers on specific Piagetian tasks were looked at

Training on Specific Piagetian Tasks

Studies in this group measured the effects of differ-~
ent instructional strategies on students' achievement of
delimited Piagetian problems. Within this group were
studies such as those carried out by Bass and Montague
(1972), who trained ninth grade students by means of self-

instructional sequences to give correct responses on two _

g

Piagetian problems. The students used each sequence for

three one-hour sessions over a period of three dayg. The

percentage of students who could correctly recognize—the
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quantitative relation between the foux factors involved in
the inclined-plane problem did not appreciably differ
between pre-test and post-test. On the balance task, the
percentage operating at upper formal sta%e, IIT B, increased
from 45 to 75. While no level of significaqce was reéorted,
~the authors considered that the learning hierarchy they had
devised for the balaﬁce task was more successful than the
one for the inclined-plane task. They concluded that the
self-instructional format used in this study was a‘serious
limitation on the study and cohCluded that the type of
modifications in the students’ thinking that they were
hoping to achié&e waé prqbale béét accomplished through
active interventions by an experienced teacher.

It appeared from this and other studies that appro-
priate insﬁructional procedures could Be developed to teach
students specific Piagetian tasks. Since no data was
collectéd on the retention of these abilities, De Carcer
et al considered that the usefulness of such studies to
science teachers was very limited. The sciénce teacher
interested in promoting the development of formal thought
has no idea whether the ability to master the tasks 1is per-

£

manent or transitory. Nor does he know whether it can be

transferred to other tasks.
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important one. 1In it they pretested students to classif

" tasks. The other group received no trainiﬁg.
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Training to Isolate and Control Variables ?

The ability to control variables has been the focus

of a large number of training studies even though it is only

RPN A S RV SOV

one component of the structures of formal thought. It is,

however, a component which is crucial to using scientific

.
[

reasoning in science classes.

The study carried out by Lawson and Wollman (1976)

using students in grades five and seven is probably the most

L b gy T Mmoot i s

them according to their Piagetian stage, then randomly

assigﬁgd them to two groups. One group received training

[N

in the concept of controlling variables by participating

in four 30-minute sessions of individual training on several

“Following the training sessions, all students in both

grbups were post-tested using'three carefully selected

2 b i R LR S Zosy bl e G

Piagetian tasks. One of these tasks determined whether

-

the training was effective in facilitating the ability to

control variablés with materials identical td those used
during training. The second task determined whether the

training waS‘generalizable to another problem involving the

control of variables (specific trangfer), whiie the third

Lot

task was used to determine the extent to which training

‘_J",
T
|

encouraged formal thinking (non-specific transfer) which

Piaget says develops at the same time as the ability to g

con*rol variables. | %
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The results showed that instruction did affect the
transition from concrete to formal functioning with respect
to the ability to control variables. It also showed that
the training was geﬁerélizable to specific transfer even for
students whose pre-test classificatiov was concrete. The
training did not gen;ralize to non-specific transfer.

Case and Fry (1973) developed a program to train non-
formal, low SES secbﬁdéry students to design controlled
exXperiments. Their traininé, which toOk one 40-minute per-
iod every week for twélvé“weeks, involved'the students in
designing experiments in which only one factor was varied

at a time, whilé”éil others were held equal. The post-test

showed that those students who had participated in the train-

'qéﬁld—detect flaws in experiments which did not

=, -

ing progfam
control all variab;es‘but the one beigé investigated, sig-
nificantly more,oéten than the control group.

Again, néither the Lawson and Wollman, nor the Case
and Fry study tested the durability of the newly-acquired
skill. Bredderman (1973), however, who did test retention
of the newly-acquired ability to control variables showed
that the effect of training was only transitory.

It appeared, then, that even when training studies were
apparently successful and the science teacher had the details

of the successful instructional strategies there was more

that he needed to know, such as retention ‘span, before he

could attempt to use those strategies with confidence to

46
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promote 1intellectual development. De Carcer et al considevred

that more studies needed to be done with adolescents in the

high school situation with larger numbers of students before ;ﬁ\

generadalizations could be made about improving the cognitive

levels of students in secondary science classes.

v

A further point to hoticé is that in nearly all the
training studies the duration of training was quite short;
one or two sessions per week for two to four weeks. The
constraints of the school situation in which the studies
were carried out may have demanded that the times the stuégﬁfl
spent on these activities had to be short. Tt is worthwﬁ@le
noting, however, that the unexpectedly successful result of
the Case and Fry éxperiment was obtained in a study which
extended over a period of twelve weeks and was done during
normal lesson time.

The shérter term studies appearad to be less successtul
except those which involved the control of variables reason-
ing pattern. Training studies then are perhaps promising
but their methods need to be tested further on larger yroups
of students before they could be contemplahed‘Fortclassroom

I'e

use. Lawson and Wollman (1976) considered thatC§Vﬁﬁ i1f

o

they were found to be useful they should not be used to

accelerate—dgvelopment but "to avoid what miqght be called
?

-

'stage retardation'...Ample evidence exists that this phen-

omenon of stage-retardation is indeed widespread" (p.248).
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The fact that such a large percentage of the secondary
school population has only concrete-operational reasoning
I/ : ’

patterns with which to erate places real constraints on

what can be taught in/science classes and what can be under-

stood and achieved by students in those classes. Short-term

Y

bursts of a teaching strategy to promote the aevelopment of
a single transient formal-operational structure will not be
of much use in overcoming this exis%ing situation. |

It is not surprising that conscientious students, who
attempt to achieve well in science classes where the cog-
nitive functioning required by the course content is above
their level of intellectuai development, resort to rote
memory or learn algorithms to enable them to cope with prob-
lems in the subject. According to Herron (1978b) students
cannot help but "develop poor‘stqdy habits, poor attitudes
towards school, and low self-image" (p.602).

What are needed are long-term teaching procedures and
school experiences which enable students to develop the
logical structures of formal thought from those of the
concrete stage. Few studies have investigated directly
whether any teaching methods or seience classroom exper-
iences can achieve this, but one study by Friot (1976) is
of interest here.

Friot recognized thet Piaget considered that a student

who possessed the prerequisite physiological maturity would

change his logical thought processes significantly if he

48
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were permitted to interact with objects, events and situa-

tions in his environment. She therefore specifically set

out to identify junior high school science courses that

emphasized student investigations. She found three which-

were taught at grade eight and nine level and all were of ’ i
the "ingquiry kind".

Each of 210 students in seven .classes were interviewed
with six Piagetian tasks to determine their level of devel-
opment. They were then interviewed agéin seven months iater{ :
In the intervening period those in five of the classes were
taught by teachers trained in the inquiry curriculum they g
used while those in two control classes were taught by the
traditional-demonstration method.

As expected, over such an extended time all groups
showed gains in formal thought between pretest and post-~ ) H

test (see Table 3) but these gains were not randomly

distributed. Students in two of the classes (grade eight
TSM and grade nine IPS) showed significantly greater gains
in developing the reasoning patterns of the formal-

operational stage than any of the others. Since ages were

similar and other subjects studied were the same, Friot

B
i
;

concluded that "learners can be moved from concrete opera-

tions to formal operations by virtue of their school exper-

P

iences" (p.89).

R

- While Friot contends that some cuf?fcula are better : ;

than others in promoting the development.to formal-

e i b
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operational thought, it is not the curricula which are of
interest in this study but rather the methods or strategies
used in teaching them. If there are some instructional ‘
strategies which can be used in science classrooms whichvare
considered likely to promote the intellectual development of
students towérds formal thought, they should be encouraged.

The literature discussed in this review leaves no doubt
tha£ the students who possess the logical structures of
formal-operational reasoning are much better achievers in
science classes than those who are not at that level. This
is because many of the important ideas in science courses
require formal reasoning for total understanding. It is
known, however, that only about.20 per cent of students
possess that ability. Teaching strategies which attempt to
overcome the lack of development of that ability favour the.
student who is formal rather than @ﬂgls£ﬁdent who is'cgn—‘
crete. Short-term training studies appear to promote ﬁhe
development of only one aspect of formal reasoning and that
development is only transitory.

The teaching of some abstract concepts, such é;)bond—
ing theory,ﬂgén be delayed but there comes a time;Jpar—
ticularly at senior high school, when certain concepts must
be taught in biology, chemistry and physics and these
concepts, such as genes, stoichiometry and the laws of
motion, all demand formal-operational thinking patterns.

Since there is no quick and easy way to develop the under-

50
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: ‘ lying structures when the need arises, and no teacLing
strategy which overcomes the lack of them, then it is desir-
able that science courses in grades eight, nine and ten aim
to develop them. Students in junior secondary science
classes would have the necessary maturational level for the
development. What are needed, then, are guidelines about - ;
teaching procedures which could be used in junior secondary
science classes which could promote the develobment of
formal-operational reasoning patterns. Students who pro-
ceeded to higher level biology, chemistry and physics classes
would then be better equipped to understand the conténts of
tbose courses. This is not the present situation but it
is one at which science teachers cbuld aim.

it is intended, then, to extract from the literature
teaching strategies and procedures which are considered
by educators interested in Piaggt's theory most likely to
promote the development of the operétions of formal thought

from concrete-operational reasoning patterns. While Herron

(1978b) considers research on strategies to enhance intellec-~
tual development is still in its infancy and'that "it is
premature to suggest the exact strategy that might be
successful™ (p.601), there are many guidelines which keep

on being emphasized in the literature which appear useful

as long-term teaching procedures to enhance intellectual

development.
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Log\”Term Teaching Strategles to Promote Intellectual

Development

Having now thoroughly investigated Piaget's theory of
intellectual development as it relates to the teaching of
science and the development of formal reasoning in adoles-
cents, it is possible to enumerate several important guide-
lines for putting theory into practice. There are certain
straﬁegies which are frequently mentioned as-being necessary
for the ngelopment of the underlying structures of gggmal
thought from those of the concrete stage.

Piaget's own research has not been concerned with
education but, rather, with the study of the growth of know-
ledge and the development of the underlying cognitive pro-
cesses or mental operations which control that growth. Some

of his comments, however, leave no doubt that he,considers‘
- i

52

his theory pertinent to education. His statements in Schwebel

and Raph (1973) are an example; when he criticizes: et

the mistakes of cla551/)i educatlonal theory,
which reduces the learner's role to looking

and listening instead of acting himself, or
which (and this is almost the same thing) re-
places objects with audio-visual representa-
tions without concern for the fundamental role
of spontaneous manipulations. (Piaget, 1973, p.Xx)

Educators, too, consider that there are many implica-
tions for teaching methods to be gained from studying his

theory of inte%lectual development. Sigel (1969) considered
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that "The theory...providés a conceptual framework within
which to...devise teaching strategies" (p.466). Duckworth

(1964) was of the same opinion:

Everybody in education realizes Piage% is
saying something that is relevant to the
teaching of children....Contrary to the
view most often attributed to him he main-
tains that good pedogogy can have an
effect...Piaget is not saying that
intellectual development proceeds at

its own pace no matter what you try to do.
He is saying that what 'schools try to do
is usually ineffectual. You cannot fur-
ther understanding in a child simply by
talking to him.

™

Particular strategies will now be enumerated. Accom-

s

panying each one will be a diécussion of its derivation
from Piaget's theory or the related literature and an
explanation of its intended purpdée.

The single most important proposition to be derived
from Piaget's work is that the role of the child in learn-
ing should be an active one. "The child must discover the
methéd for)himself through his own activity" (Piaget, 1970,
p.30). This point is continually emphasized by Piaget.

In another instance he wrote more fully: | ’

N

\

IE)is absolutely necessary that learners ¥
\\ have at their disposal concrete material

experiences (and not merely pictures),

and that they form .their own hypotheses

and verify them (or not verify them)

themselves through their own active
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manipulations. The observed activities
of others, including those of the
teacher, are not formative of new
organizations in the child. (Piaget,
1973, p.x)

Students in science classrooms should be provided with
situations in which they themselves experiment, try things
out, manipulate materials, and in which they are given
time to posé their own questions and seek their own answers.
Duckworth (1964) further emphasized the point by saying
that "the goal in eduéétion should not be to increase the
amount of knowledge but to create an environment in which
the child can invent and discover" (p.4). These experiences
are essential for intellectual development.

Teachers in secondary sciéﬁce classrooms should, then,
organize their teaching so that students can manipulate
materials themselves. The teachers would rarely demonstrate
scientific principles by manipulating apparétus themsglves. v
Occasionélly this might be necessary to teach a new tech-
nique, but it should not be used as a means of teaching new
concepts and ideas. Piaget's objection to demonstrations
as a method of teaching studeﬁts was illustratéd by his reply 
td Hall (1970), who asked about the effect of a teacher
demonstrating to students the correct solution to the
chemicals problem: "It would be completely useless. The

child must discover the method for himself through his own

activity" (p.30). =

Ea by
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Physical experiences and concrete manipulations are
not the only factors influencing development. According to
Piaget (1964), development is promoted by four factors
(already discussed in detail at the beginning of this
review), another of which is social interaction.

Translated té the classroom situation, this means that
peer interactions should occur; class and group discussions
should be encouraged and organized so ;hat students can
converse, share experiences, argue, compare notes and
different approaches to problems, and discuss conflicting
results obtained from the same experiment. Brainerd (1978),
in pointing out the need for peer interactions, contended
that discussions among peers without the inclusion of the ,
teacher were more conducive to causing disequilibrium in
existing structures because the discussions would be less
restricted. Disequilibrium, according to Piaget, is one
of the prerequisites for the development of the more
sophisticated structures of a higher stagé from simpler
ones of a lower stage.

Other educators have also discussed the need for
student discussions in’'classrooms when considering implica-
tions of Piaget's theory to education. Renner (Renner et
al, 1976) considered. that throughout history classrooms
have had to be reasonably quiet places‘Wheﬁe.student inter-

actions have been actively discouraged. While he would not

endorse all forms of verbal student-to-student ihteraction,

TTREFRORTIRP AN U
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he was emphatic about the value of social interaction and
considered that a "classroom should show interaétion with -
the objects of the discipline and between students pursuing
the discipline" (p.l174). This is an approach that is
realistic for science classrooms both at the secondary

and college level for which Renner et al were advocating
its,implementation. Sigel (1969, p.466) emphasized the
same point: "Social interaction and stimulation which
Piaget stresses is so important for the development of in-
tellig;hce can easily be provided in the school classroom «
situation.”

In a science classroom which encouraged peer inter-
actions students would discuss their observations and con-
cl;sions with their classmates. Students would work in
small groups to facilitate discussions, although there
would be times when students would need to write down
results or do written calculations quietly on their own

% after they had benefitted from discussion work.

Inhelder, Sinclair and Bovet (f974) discussed two

more factors QBiéh were necessary to cause disequilibrium
g in.existing structures thereby promoting the development of
; new structures'capable of assimilating more abstract cén—

A

cepts. First, there must be-an application of existing

schemes to an increasing variety of situations so that,

Sooner or later, this generalization en-
counters resistance, mainly from the
simultaneous application of another

SRR TR M AL 5B 2 oS L i o SR
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scheme; this results in two different >>
answers to one problem and stimulates
the subject seeking a certain coherence
to adjust both schemes or to limit each
to a particular application...The situa-
tions most likely to elicit progress are

o - those where the subject is encouraged to
compare modes of reasoning which vary ‘
considerably both in nature and complexity,
but which all;, individually, are already
familiar to him. (p.265)

What are needed to develop new structures are the dynamics
of the conflict betwegn already existing structures or
schemes. The source of the prog?ess is the disequilibrium
which incites the student to go beyond his present under-
standing.

The second factor which Inhelder et al considered
necessary to induce the necessary disequilibrium was the
experiencing of a discrepancy between the students' own
ideas and predictions and the actual outcome of experiments

..or ideas with which they interacted.

The implication of these two ideas for the science é
teacher attempting to promote intellectual development to
formal-operational structures from concrete-operational
ones is clear. The teacher shquld introduce new work in
terms of simple,easily understood examples which bear some
relation to existing knowledge and then proceed to more
complex, less easily explained examples. On the basis of

the new ideas just assimilated students would then be asked

SEEEPEN R

to dict the outcomes of proposed new experiments or
prd
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activities. Having made the predictions, they should then
plan the procedures for the activity to test out their

: ™
hypotheses and compare the obserﬁhd results with their

expected result and with the results of other students.

T
STy

Experience, particularly experience of o
discrepancies between one's predictions

and ideas and the actual outcome of .

their realization, is therefore an

important factor in the acquisition

of knowledge. (Inhelder et al, 1974,

p.267) :

!

Karplus et al (1977b) applied the same ideas in their
workshop based on Piaget's theory of self-regulation (or
equilibration) which discussed science teaching strategies
which promoted the development of reasoning. )

A science classroom in which these ideas were put
into practice would have students working outjtheir own
procedures for handling apparatus and determining relation-
ships between variables. 1In this way- they would be more
likely to think about their predictions and when necessary
realize the limits of their present reasoning.

The students would be encouraged to make conclusions
and propoée hypotheses on the basis of their observations.
In engaging in activities which they themselves'plannea,
students would be foréed to think about their observations
aﬂa attempt to integrate them into tﬁéir existing struc-

tures, which would thereby become more complicated and

s .
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therefore capable of assimilating more complex ideas.
Karplus et al (1977b) developed an approach for teach-
ing science which they considered promoted the development

of formal-operational reasoning patterns. By deliberately

‘setting out to induce disequilibrium' they argued that self-

regulation would occur. Their approach'invoived a learning
cycle which consisted of three phases: exploration,
conceét introduction and concept applicatiqn.,

The first phase: exploration, aimed at inducing dis-
equilibrium. They proposed that during eXbloration of a
new topie¢, teachers would aim at getting students to reflect

on present knowledge and thereby reqognizé itsrlimitations.

During EXPLORATION, the students learn .
‘through their ®*own. actions and reactions
in a new situation. 1In this phase they
explore new materials and new ideas with
minimal guidance or expectation of
specific accomplishments. The new

. experience should raise questions that
they cannot answer with their accustomed
patterns of reasoning. Having made an
effort that was not completely success-
ful, the students will be ready for
self-requlation. (Karplus et al, 1977b,
pp.5-8) -

Ay

The_particulartétrategy used here’would—be;one in which

the teacher asked questions aimed at detgrmining the .-
students' currént level of thinking about the topic.

The second phase, concept introduction, started with .

>

the introduction of a new concept or principle and alWaYSf
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foilowed, and related directly to, the exploration activi-,
ties. If the initial activity involved dissolving diff-
erent solutes in water and maybe comparing the amounts of
different solids which dissolved in the same volume of

water at different temperatures, then the concept intro-

duced might~be a quantitative idea of solubility or it might
involve the idea of concentration of a solution.

During concept application, the last phase, students
applied the newly-acquired concept to a wide variety of
situations. For example, having worked out a suitable way
of measuring the solubility of solids and having realized

that solubility changed with temperature, then various

~

measurements of solubilities at different temperatures
could he~@one.

During these activities the new reasoning patterns,
evoked during concept introduction, were given time»tq |
stabilize. Some students need more time and more applica-

tions than others for\the requlred conceptual reorganlza-

tlons to Qccur., The learning by repetition and practlce
suggested in the last phase would be needed in varying
- degrees by differentlmembers of the class. Each student

would be able to benefit from each phase accordlng to ‘his

] - %

needs; all members of the class would not be expected to

complete the samevphases of the cycle in the same time.
The order in which they were presented and experienced, - : -

‘however, would always be the'same. ) e ' A
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Several teaching strategies_are necessary if the . !
learning cycle approach is used. Students would be given
ample opportunity to repeat activities and experiments.
Students would be able to progress through activities at
various rates. The science classroom would then contain

students engrossed in different activities to do with the

T

same topic and teachers would be involved in discussions

with students to determine the students' state of under-
standing of the topic.

'Some other ideas implicit in the learning cycle approach

EETRT IR It NPT

will be mentioned now. Concrete concepts would always be

DU IFN

introduced prior to formal ones. Simple experiments would i
precede more difficult ones. Experiences, and examples
in laboratory work, discussions, and text books should

—
precede concept introduction.

[PV R NP

Since the rationale behind the teaching cycle approach

o i okt

R

was the induction of disequilibrium in the adolescents' :
existing mental structures in order to cause repeated
accommodations and eventual assimilation of new knowledge ”—’//y{”

then students' quéstions would rarely be given direct yes ’ ;

{j‘ or no answers to their questions. Instead, teachers would

ket b e e e

encourage students' questions but they would respondbto
them with further questions aimed at encouraging the

students' own thinking along the correct path of investiga- E
tion about the problem. There would be times, h0weve£,

when direct answers would be essential, such as when a new

as,
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term or definition was forgotten. The answers to that type
of question should be answered immediately or the studenf
directed to a source such as a text book which would
guickly provide it. The concern would be with encouraging
a student to think and verbalize his thinking patterns
rather than with labelling his answers right or wrong.
In order to éncourage students to develop the desired
approach to their work, teachers should model the behavior
they hoped to promote. They should be prepared to reason
out loud when problem solving and when developing hypotheses
from their dbservations.‘ |
According to Schwebel and Raph (1973), the teacher who
attempts to follow Piagetian theory "does not present ready-
made knowledge...but, rather, provides opportunities for
the child to construct his own knowledge...through his own /;f}
reasoning" (p.213). . ‘ -~
Since the first objective of this study is to enumerate
the teaching practices which Piaget's theory of intellectual
development and Piaget—orientéd science educators consider
will promote the development of formal—operatiohal reason-
ing patterns, the practices just discussed in detail will
now be summarized. o
The intention is to use the summary of student and
teach;¥<§%%ivities which féllows to form the basis of an

instrument which will be developed and used in this study. ‘f -

The instrument provides a means of identifying current teach-
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ing practices in junior secondary science classes and of
determining whether ‘current teaching practices are similar

to those which are considered likely to develop the under-

lying structures of formal thought.

Supmary of‘Teaching Practices Considered Likely to Promote
Intellectual Development

Student Activities

Students would be organized into groups so that peer
interactions and discussions of conflicting results or oppos-
ing ideas could induce gisequilibrium in the students'’
existing mental structﬁrés.

Students would be ab;e to carry oﬁt their own experi- E
ments and manipﬁlate materiéls since Piaget considers it
absolutely essential that students have concrete material
experiences through whichrthey can investigate solutions to
problems.

Students would be encouraged to piagﬁtheir own procedures
for investigating scientific relationships. 1In attempting
this, students would be applying existing knowledge and com-
paring the actual results of their experiments with those .
they predictéd. rThis‘would ensure that their thiﬁkin; would
be more actively involved with the underlying relationships

between variables than if they always followed prepared

instxuctions.
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Sfudents would be encouraged to maké conclusions or
propose hypotheses after carrying out investigations or mak-
ing observations. This would force students to form more

» tightly organized mental structures which incorporate newly
learned ideas with previously learned facts and ideas.

Students would be given the opportunity to repeat
‘activities and observations or to éarry out similar activi-
ties.! Not all students can assimilate new ideas'immediately.

Depending on their previous knowledge and existing reasoning

patterns, different students need varying amounts of exper-
ience with new ideas and scientific principles before they
can establish and stabilize newly acquired reasoning patterns.
For the same reasons students would be able to progress at

their own individual rates through any particular topic.

Teacher Activities.

G T e

At the same time as the above activities for students
occur, teachérs would be including the following activities
% in their teaching practice. /
g 1' Teachers would ask queétions aimed at determining the
g qgﬁudents' existing levels of understanding of a topic.

During the introduction of new areas of investigation and

at intervals during its development the teacher would ask -

A T 1%5??_

. ; questions to gauge the students' level of ,undefstanding and

progress and if necessary redirect students' activities and

thinking.




S

Teachers would also ask thought-provoking questions or
questions which could not be answered immediately by stud-
ents with their present knowledge and reasoning patterns.
These questions would be designed to demonstrate to students
the inadequacies of their existing thinking patterns so that
they}would realize the need to gain further knowledge and to
iiré;d tﬁe capabilities of their present mental structures.

‘feachers would encouragebstudents to explain and
accoent for their observations. By attempting to make sense
out of their measurements and observations students develop

more complex reasoning patterns and moretightly organized

underlying mental structures which can then assimilate more

difficult information in the future.

65
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CHAPTER IIT

METHOD AND PROCEDURES

o

This chapter includes a discussion of the sample, a
description of the method of.data collection, and the

-
development of the instrument and its subsequent use.

b2

The Sample

Frbm a list of junior secondary schools in two school
districts in the lower mainland of British Columbia with
similar SES, thé names of ten junior secondary schools were
randomly selected, fiye-from'each'district.

Before contacting individual schools, the school
boards in each district were approached for permission to
carry out research projects in the district. A letter was
sent to each school board office with an outline of the
purpose of the study and the procedures which would be
followed in the course of its completion.

When permission was granted to approach the junior
secondary schools in each district (see Appendix A), the
principals and the science department head in the school

were approached and a meeting arranged between the researchers

and the science staff of the school. It should be pointed




s
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out‘at this stage that, although the purpdse of this partic-
ular study was to’identify'teaching strategies mostﬁggmmpply
used, by junior secondary science teachers, there wererofher
.researchersninvolved in the project who were following
other lines of investigation. Teachers wefe therefore being
asked to co-operate in a multi-purpose undertaking.
At each meeting a request was made to observe and
.audio~-tape three normal classroom science lessons given by
each of the teachers of science in the school. 1In this way
it was hoped to record the activities of a sample of at
least 30 teachers giving-lessbns in junior secondary science
classrooms. When requested, an outline of the purposes of
the project (see Appendix B) was made available to the
‘teachers so that they had some idgg of tﬂe areas .of interest
of the researchers. |
When teachers in schools which were initially randomly
selected were unable to co-operate, more. schools were ran-
domlx-selectéd from each school district. The same
approaches to science staff were made through the principals
and science department heads until'e§entually most junior
secondary schools in both districts had been approached.
By then it was near the end of the 1978-79 school year when
school schedules were being disrupted, so further approaches
were delayed until the beginning of the next school year. At
that time, another school distfict was approached in an at-

tempt to increase the number of teachers in the sample from

18 to 30.
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Collection of the Data

>iﬁ each of fhe co-operating schoéls, times convenient
for the ggrticipating teachers were arranged,‘in which
observers went into classrooms to audio-~tape and observe
three'fegular'teaching lessons per teacher. It was requested
that the lessons being recorded involve as near to normal
procedures as the presence of observers would allqw. Les-
sdﬁs which were wholly occupied by tests wereenot observed
and within each school a rangé‘of grade eight, nine and ten
lessons were selected whenever possible.

In addition to audio-taping each legson, the observers
were requested t6 keep a written record of the activities.
and movements which occurred in the classroom. It was
anticipated that any silences or ambiguitieé on the audio-
tapes would then be understood byhreference to the record
sheets when they were coded at some later date. Details
of blackboard work, text book references and laboratory
activities, which would not be recorded on the tape, were
also noted. '

?

The Development of the Instrument
/

Herbert and Attridge (1975) in their guide for the
developers of observation systems warned that "with so many

systems extant which are under-developed and underused, one

£l
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needs good reasons for the creation of new ones particularly.
where they‘resemble instruments already in existence" (p.5)..

Consequently, a thorough search was made for a coding
.schedule which focused on 'the teaching practices of inter-
est in this study. They included activities of both the
teacher and the student, some organizational aspects of the
lessons and some cognitive aspects of the science teacﬁing.
Since activities in science clasgrooms are often quite
different from activities in other classrooms it was con-
sidered that only a schedule specially designed for coding
occurrences in science classrooms would be appropriate.

A searc\“through Simon and Boyer (1970), which listed
79 systems developed in the United States for observing
cléssroom behaviour, revealed only four which were relevant
to science classrooms. None of them were readily adaptable
tovgoding teaching practicesawhich were related to the ;
development of formal reasoning. The Science Observation
System developed by Altman came clo;sst fo the needs of
this study since it covered procedures and routines used in
science classes but, as it contained Both cognitive and

7 affective béhaviours, it was not usable here.

A further sgarch of the literature revealed only a few
schedulés specifically designed for classroom observationl
One produced by Fischler and Zimmer (1968) was developed to
enable its authors to classify teaching techniques obsérved

in science classrooms. By teaching technique they meant

)
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-

any activity which the teacher carried out specifically to %\
promote learning in the classroom. EQen though its aim was '
to classify tgaching on a verbal or doing level or accord-

ing to whether the students actively participated in science

activities, 'it could not be Fdapted to the peeds of this
study. v g

Galton and Eggleston (1975), working in the United
Kingdom, developed a science teaching observation system
to measure how teachers differed in their behaviour in ‘ L
science classrooms. Their schedule, however, was directed
only at the intellectual transactions which took place dur-
ing science lessons (Galton & Eggleston, 1979, p.76).

Finally, since no suitable existing observation sched-
ule was found, one was developed specifically to meet the
needs of this study. Since an objective of the study was
to compare current teaching practices with Piaget-derived
teaching practices the schedule was based on those practices,
: E "\ summarized at the end of tﬁe previous chapter, considered
likely to aid in the development of formal reasohingt The
main features of the items used in the final form of the
instrument are listed in Table 4. The items wereJorganized
into student activities énd teacher activities. Each

of these were further divided according to whether the

TATREE ,*m-mrw-\ BT AT

activity was considered likely or unlikely to promote the

H

iy .mr*ﬁuq A

development of formal—operatioﬁéz‘reasoning patterns. Those

items listed under student activities and numbered S1 to S6

represented activities considered likely to aid in the de-.
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Table 4

Science Teaching Observation Instrument Items

STUDENT ACTIVITIES

S1.
S2.
S3.
S4.
S5.

S6.

v

S7.

_s8.

s9T

Ss10.

Sl1l.

Students:

Work in groups so that they can discuss their activi-
ties, results, ideas.

Plan their own procedures for carrying out laboratory
activities. .

Discuss their observations, or applications of a new
concept, with their peers before attemptlng to answer
text book questions.

Make conclusions or propose hypotheses about observa-
tions made during laboratory activities.

Manipulate apparatus themselves. They set up their
materials, do their own laboratory work, use micro-
scopes, etc.

Repeat or extend their observations after discussing
their conclusions with their peers or the teacher.
May be a repetition of an activity to increase
familiarity with a new concept.

In a class all do the same actiVities in a lesson. The
whole class progresses through a topic at the same rate.

Follow text book instructions for labdratory activities.
(or follow a procedure written out by the teacher on
the blackboard, hand-out sheet, etc.).

Write answers to questlons from the text book on their
own without any discussion with peers or teacher OR do
lab write-ups on their own.

Use algorithms to find answers to problems, e.g. are
taught how to manipulate a formula such as D = M/V to
find an unknown gquantity.

Use memorised material, e.g. definitions, valence and

apply them without necessarily understanding them.
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Table 4 (Cont'd)

TEACHER ACTIVITIES

Teacher:

Tl. Asks questions to determine the pupil's level of ,
' understandlng of a topic - whole class, 1nd1v1dually

Oor in groups.

T2. Asks questions which are thought provoking and
designed to arouse the curiosity of students or
designed to make students aware that there are still .
things they cannot explain with their present know-
ledge of a topic.

T3. Encourages students to verbally explain, -or account
for, or make sense of their observations made .during

a lab act1v1ty. S

T4. Interacts with individuals or small groups to ask
- questions, check students' progress, become -aware
of the reasoning patterns they . are using.

T5. Talks to, lectures, or claimsattention of whole class
H at once. Lesson consists mainly of teacher talk. - . -

T6. Demonstrates scientific principles by manipulating
apparatus himself (demonstratlng a new technlque not’
included).

T7. Tells class in advance the concept or rule.that they
are going to "prove", e.g. Today we are going to
observe that ...

T8. Withdraws from interactions with class and simply
supervises students with no verbal 1nteractlons
o except to maintain dlsc1p11ne.
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velopment of more complex reasoning structures from simpler
ones. Items numbered S7 to S11 described student activi-
ties less likely to promote self-regulation. Similérly,

in the section which focused on teacher activities in the

science classroom, items Tl to T4 were activities considered -

Ea S
likely to cause disequilibrium in students' thinking pat-

terns and thereby cause the development of more complex
structures. Items T5 to T8, however,; we activities which

were considered less likely to-.induce self~-regulation.

[

A

validity of the Instrument

Velidity refers to the degree td'which the measures

obtained by an instrument actually describe what they pur-

port to describe. ‘ 3 N

a

L -
Validity criteria include those which per-

tain to the observability of behaviors, to

the objectivity of the instrument.and the
related problems of inference;, context and
observer effects, to the representatlveness

of instrument items of the behaviors under
study, and to the determination and report-

ing of reliability and validation procedures. .
(Herbert & Attridge, 1975, p. 6)

First the observability of the student and teacher

activities was examined. Most of these were directly obser=

vable and were therefore low inference items. For example,

the student activities numbered S5 and S8, which required

the observer to decide whether the students were manipulat—
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‘
ing materials themselveqiané following text book instruc-
tions while doing so, werebeasy.to observe and record agcur-
ately. Student activity item S3} however, ppomi§ed to be’
more diffiéultvto code, particularly if students were éarry— i
iné out laboratory activities. Discussions might be occur- |
ring but it would not always be easy to judge whether the
tépics being discussed were centred on the science activity
or something else. If the teacher deliberately organized
his class to encourage the discussion of science activities
the coding would be straightforward. In\most cases, howe%er,
it was ant;cipated that the coding of any student discussions
would involve moderately hfgh‘inference judgements.

Contené.validity of the instrument was established by
seeking a judgement of the items it included from a science . \

4

educator and angther graduate student. Both persons were

conversant with the intent of the coding scheghle and had
closely followed the literature review which had led to- the

selection of the items it contained. ' A trial coding session

using a randomly selected lesson led to alteration of the

wording of several of the items in

quent recodings of the same lesson

Y

were used to ascertain whether the
items did increase the consistency

the instrument could be used. The

ment which resulted igwiﬁéiﬁdeaﬂiﬂ”

Y,

the instrument. Subse- .

‘by an independent -coder

‘'revised wording of the

and accuracy with which

final form of the instruf
Appendix C. o *

3
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The Coding Method Used on the Instrument -

Instruments for observing continuing classroom events
may empléy either sign or ¢ategory recording procedures
(Borich, 1977). A sign system records an event only once
in a given time interval regardless of how often it occuré,
whereas a c¢ategory system records a given behaviour each
time it appears and hence provides a frequency count of the
occurrence of specific behaviours. Since some of the
activitied in the instrument developed®in this study were

T te
moderately high inference beha&iours}aiﬁ'was decided to use a
modified sign system, known as a rating‘system, wﬁen emgloy—

1 BN A

ing it to code a lesson. When using this instrument, the
CQdﬁrS were required to make a judgement, on a 1 to 5 scale,
of the degree to which each. behaviour occurred during each
nine-minute segment of the lesson.

the activity did not occur during éhy‘nine—minute
“interval, then column 1 was checked. If the beha&iour
occurred at least once column 2 was checked, whereas if it
occupied approximatelyahalf of that time iﬁterval, édlumn 3

o~

was checked. Column 4 was used whenever a behaviour

occurréd'qpst of the time. Column 5 was checked whenever
an activity continued throughout the entire nine-minute

period (or if its effect was dominant in that time period

even though it only occurred once or twice).

-
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Reliability of the Instrument

S d@ﬁ
Yt {Lx

& EY

To determine theAfeliability of the inst}ﬁment, that
is, the consistency with which it was capable of measuring
the proportioa of tiﬁe“spent on each activity, aﬁother
graduate student was askedvto code two randomly selected
lessons. After instruction was given in the use of the
schedule, the coding was carried oug. To measure the corre-
lation getween the judgements of the two raters, Kendall's tau

was calculated using the correction for tied observations.

The correlations obtained were .66 and .77.

Method of Calculating Item Scores on the Instrument

Each of the columns 1 to 5 on the science teaching
practices instrument was szgﬁed a numerical rating of
0 to 4 respectively. Thils rating was then multiplied by(h
the number of times the fLolumh was cheéked during a lesson.
The nuﬁbers thus obtainéd in eacﬁ columnjywere summed across

\
each item to give a total score for each item for e

e

lesson. A sample item score calculation is set out in.

Table 5. The total score for an item could vary from 0,

for an activity which did not occur at all during a lesson,

: . )
to 24 for an activity which occurred continuously-throughout . -

the whole lesson and was therefore checked six times for
§

the lesson.
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" Table 5 N

Calculation of Item Score

Column
1 2 3 4 5
Numerical ‘
value 0 1 2 3 4
€ - .
Item TS5 s y VI v W Total
(2 x 0) + . (2) + (3) + (2 x 4) = Scere
13

Method of Analysing‘the Data

°

Identification of Teaching Types According to Frequency
of Occurrence of Activities-

;One gurgose of this stuay was to identify teaching
pracé{ces_Presently being used in junior gécondary science
classroom§ so that they could be compafed with Piagetian-
derived pvgctices. The concern was with how teachers were
organizinq their students andrin what activities the teadh—‘
ers and students were engaged. The data collected were |
aimed at producing a frequency ¢ount of such ?ehaviours from

which a description of the teacher and student activities

in the classroom could be drawn. . The analysis of the data

therefore required methods which would enable common teach-.

ing styles or types to be identified based on the frequency
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of use of the activities listed in the schedule.

As a first step in the identification of types of
teaching practices or overall teqéhing strategies used by
the teachers in this sample, grouped frequency distribution
graphs were constructed for each teacher for each lesson.
These were intended to serve(iszgral purposes. They allowed
identification of teaching types which had éommod&SEudent \
and teacher activities. They allowed the number of teachers
who used each teaching strategy to be determined. They
showed whether a teacher cons}stently used the same teach-
in ategies. Finally, thef,afioﬁed a comparison of the
teachdrs' current practices with thé;Piagetian-deriVed

practices identified from the literature.

P

For the purpose of constructing these graphs the total
- ' "scores computed for each item iﬂ a wﬂoléflésson were- divided
h into four arbitrary categories. If the total score of an
: item was between 16 and 24, it was considered to have a high

fregquency of occurrence. If the total score was between : J

7 and 15, its occurrence was,considered‘tO*be moderate.

A score of 1 to 6 during a lesson was taken to indicate a

£
¥

low frequency of occurrence. If the activity did not occur,

its frequency was zero and a fourth category was used to

~

indicate its absence.

TSP S

Since a frequency of occurrence of each activity was

Eh SO

determined for each lesson, then the mean of this frequency

T

. was calculated for each item within each teaching type




identified by the method just outlined. Further, an overall
mean was calculated for each item for all lessons coded
but before these means could be compared with a mea for

3
a Piagetian-oriented teaching strategy, it had to Be derived.

Frequency of Occurrence of Piagetian-derived Activities

Not all the activities listed -on the schedule (as
desirable for promoting formal thought) could occur contin-
uously for a whole lesson. For example, the activity in item

N

54, which referred to students making conclusions or propos-

-ing their own hypotheses, could not occupy an entire lesson.

Item S5, however, which refers to the time during which
students set up and use their own apparatus, could occur

throughqut a whole lesson. In order to allow for these

‘differences it was decided that some measure of optimum

frequency of occurrence of each activity was needed.

\7 Accordingly, several educators and science teachers
weré approached for their judgement of the percentage of
time which could be occupied by each studéntﬁénd teacher
activity listed on the-schedule over a pefiod of three
routine lessons (see Appen%ix D). For the purposes of this

exercise each person was asked to consider that items Si

to 86 and Tl to T4 constituted a desirable teaching prac-

tice and that the items S7 to S11 and T5 to T8 constituted

1

undesirable teaching practices when teaching to promote

79
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formal reasoning patterns. From their responses a mean
frequency of occurrence for each item was calculated. It
was used for comparison with the means of the other teach-

ing styles identified in this study.

The types of teaching practices identified by this
method of analysis and their comparison with Piagetian-.

derived practices are presented in the next chapter.

[ 8
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CHAPTER IV
RESULTS

This chapter presenté_the results of the study. The
sample is described first, then the teaching practices éé:,
recorded by the observation schedule are examined. :Finally,
the types of teaching practices commonly found to be used | N
by this sample of teachers are compared with the Piagetian-

type practices derived from the literature.

The Sample

@

Before the end of the.l978—79 school year,-the science
staffs 'in .twelve junior secondary schools had been approached
with ?equests to allow observations of science lessonswin ’
their claséfooms. From the six schools.-which agreed to par-
ticipate in the study, 18 teachers were obtained as the
final sample. The teaching practices of each of tﬁeSe
teachers were observed and audio-taped on three separate
occasions resulting‘in 52 coded lessons. 7

Of‘the~18,;eachers in the sample, 16 had taken science

¥

teaching methodology courses and 17 had taken more than

eight courses during their teéacher training. As shown in

Table 6, all but two of tHe teachers had at least four
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N . N . . M
years' science teaching experience and had been teaching

-~

experience and had_been'téaéhing science throughout their

careers. - ‘ <.
Table 6
Experience of Teachers
Number of teachers
Years of experience Any teaching ~ Science teaching
1~ 3 ' 2 : %
4 - 7 7 \ 5 5
8 - 14 8 8
=15 » 3 | 3

Types of Teaching Practices Identified in the Sample

r
LY

As explained in the preViqus chapter, gréuped freéuency
distribution graphs weré constructed for each lesson for
each, teacher. 'An-examination of these graphs (see Appen-
dix E) indicates that there were basically three different -
types of teaching strategies being used in junidr secondary
science classrooms in the sample. The first strategy
identified (Type I) was characterized by student involve-

3




ment in a lgboratory activity which was carried out accord-
ing to text book instructions and for which a written
report was expecfed. The seéghd practice (Type II)
typically“involved a teacher demonstratidn of sc¢ientific
phenomena and included a large amount of lésson time in
"which the teachef talked to thé class. The third préctiée
(Tyée IIT), however, was identified by an abéénce of student
and teacher laboratory éétivity. VInstead, it included a
moderate amount of teachér talk coupled with studenf written
work, solving problems, or applying reFently learned science
principies. The fréqueqcy distributions of student ana
teacher activities~coded in each of thése teacging types
(see Figure l) are now described in more detail. ‘

/'1 -

Type I1: Labdgﬁtory Activity/Write-up Style

In this+ type of lesson, which occurred in 26‘of the
52 lessons coded, a laboratory activity occurred which
involved all students for at least fifteeﬂ minutes bf fHer
lesson (see Iteﬁ S5, TeachinqiTypévl, Fiéll). In thesé.
lessons all students in the classroom worked at the same
activity and followed direqtions for the activity eifherrk
from tﬁe text bdok’or from iﬁst;ﬁctions'pyovided by the
teacher on an ové;heéd prdjec?or or.a blackbbard. On cém—

pleting the activities outlined for them, students then

commenced write-ups of the activities (see Item S9), again

83
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.following text~book instructions. If the tth asked Questions,

, about the activities just done, then students wefe required

to include written answers to thé questions 1in their write-

ups. During these studentyédti&ities‘the teacher sdmé£imes ~ rg
‘ 'walked arouﬁd questioning or helping individual students.

In 7 of these lessons, teacher interactions with students ;

TR

occurred often enough for the total fregquency score of that

teacher activity item to be high egohgh to be considered as

occurring moderatély often.

it i e sisne

‘In 4 ofithese laboratory activity-oriented lessons, the e

A DR

T

teacher discussed the students' conclusions with the whole
class and attempted to elicit hypotheses from the s@udehts
about these observations. In the other 22 lessons of this

type, coriclusions and hypothesis were not discussed.

 Type II: ‘Teacher Talk/Demonstration Style

This type of teaching was characterized by two teacher

el i el N e e bl A e

activitiés which occufred frequently during eacﬁ“léésén.rThé : <k
teaéher occupied a large amouﬁt of time during the lesson P e
talking to the class and claiming the attention of the whole
class (see Item T5, Teaching Type II,VFigurerl). rDuring

some of this time the teacher demonsfrétedc?%micalureaétions‘
or scientific princi?les by héndling and maniﬁulating appara-
tus (seé Item T6, Teaching Type II, Figure 1). vStudents»in“
these lessons sat in their seats either listehing to events

being described or recording details and observations of the ;

3

. E .
“
f - . .
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K téacher's demonstration as directed hy the teacher; they\
had no oppcrtdnity to carry out the réaction, ‘or handle the
apparatus, themselves. * Any«lessons in which students -
carried'ont their own activities were not inciuded in this
teaching style‘evenrwhen there,may have heen dembnstration
activities carried@out‘by the teacher in the lesson.

* The low frequency scores for items T1 to T3 .(Teaching
Type II, Figure 1) show that teachers who used this teachlng
style in their teaching practices did not“often ask questions
of students, verbal interactions between teacher and stpdeﬁts -~
were few (Item T4). Further, teachers using this style
rarely attempted to elicit cenclusions about the observaticns

from the students; Item T3 occurred in 1 of the 6 lessons

categorized as Type II.

Type I1II: Teacher Talk/Student W§itten Problem Work Style
This type of teaching invoived neitherdlaboratory
activitieswcarried out by students, nor‘demcnstrations done

by the_teacher. Instead,gthellessonS’were characterized by
-_freduent teacher talkr(seethem 5, Teaéhing Type III, Fig-
ure 1) and students spending a'moderate proportion’of the
. g
lesson tlme d01ng wrltten answers td’text book problems or g
questlons 1nvolv1ng recently learned sc1ent1f1c pr1nc1ples

" ¢ - : - -

(see Items $9,10,11, Flgure l) , Teachers uSed this type of

teaching practlce in 20 of the 52 léssons coded

a : - a
: : . :
i e N
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Students in these lessons were all expected to be
doing the same work and prégressing through a topic at the
rsame:rate. Teachers spent very little time questioning

students, either individually or as a whole class:'

Téaching Type by Grade Level

Gl e b

T T T

T

Table 7 shows the distribution of the current‘téachiﬁg

studenté in the science classes. The Laboratory Acfivity/
Write-up (Type I) practice occurred more frequently with

. grade eight and nine classes than :ith grade ten classes.
Grade ten classes were more frequently observed déing‘prob-

lem solving activities, or listening to the teacher talk

. .

[

- - or explain and describe scientific principles.- . e

Distribution of Type and Grade Level by Teacher '

Table 8 shows that most teéchers‘ip this\study (14 out
of_18) used‘more“than‘one type of teaching gtyle in the
lessons observed. Only t&d téachers used all three teach-

\/ing types and both of those teachers were observed teaching

“all threealessonsAto the same grade level of students.

%mﬁmﬁiﬁinmmgmm_mk&um o

:

Three teachers, however, used the same teaching.practice

O

for all three lessons observed.

3
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Table 7

-

Teaching Type by Grade Level

Grade Level

10

II

12 71

10

67

" 13

©IXII

20

13 65

_ Total

20




Table 8
% Distribution of Typecﬁnd_Grade Level
: by Teacher : B
: Type . Grade Level
Teacher I IT III ” 8. 9 10
3 . L
1’ 1 2 1 2 |
2 3 1 2
;;j 3 1 1 1 3
| 4 * 2 2 1
5 1 * 1 2 1
6 2 1 2 1
o h
3 7.,( 3 2 1
; 8 3 1 2
9 1 2 7 1 2
lq 2 1 1 1 1
11 2 1 -2 '1
. t 12 2 1 2 1
g {13 ' 4 1 2 1 1 1
14 1 1 =] 3
15 1 2 \ 1 2
16 4 — )
i 18 / 2 1 \

* 1 lesson not coded.




I

90

Having]described‘current teaching practices in the

junior secondary science classes sampled, the third objec~

tive of this study can be.carried out; the observed prac-
tices can be compared with #the Piaget-oriented practices
derived from the  literature.

Discussion of Means of Student and Teacher
Activity Items

The three teaching types discussed descrlbe the teach-
ing practices which were observed in the junior secondary
science classrooms in thie sample. Tables,9 and 10 show the -
means of the frequencies of oe‘Srrence of each of the
student activities and teacher activities, respectively,
by teaching style.‘ The tables also include the mean fre-
quency for each item Qn tHe’echedule taken overrall/tpe ,

lessons observed as well as the theoretical means for a

Piaget-derived teaching practice obtained as outlined in the

previous chapter.

Comparison of the Observed Teachlng Practlces
with the Piaget—derived Practice .

)

By referrlng to- Table 9, the student<act1v1ty means of

the current teachlng pract;ces can - be compared with the

student activity means ofgthe/Plaget-derlved teaching

- -

practice.
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The meén frequency of,ocgufrence of:Item 1, which‘
measures the:amount of time in lessoﬁé-dufing which peer
interactions and discussions of work are,deliberately '
organized is much less in current teaching practicés than | %
one would plan‘ifrfollowing Piaget's theory;

Similarly, the frequency‘of occurrences of students . .
planning their own laboratory procedpres (Item 2) occurs

" much less often than it would be planﬁed'for in a Piaget- ®
derived teaching practice.

Students did not often discuss text-book questions and

application of scientific principles before doing written

bk

answers to such questions. Neither did they often verbally 1
attempt to discuss their conclusions or make hypotheses.

Both of these student activities (Items 3 and 4) would be 3

Lodeli

encouraged to occur more frequently if one were planning
‘to promote development of formal thdught. |

In current teachingipréctices; the observed frequency
of students manipulating their éwn apparatus and carrying
out their own experiments (Item 5) in labeoratory activity
lessons (Type I) comes very close to what would be planned
ih the Piaget-type teaching practice.

very liftle'timg is currently devoted to students
repeating laboratory activities to allow assimilation of
ﬁew principlés'andwtéreﬁéblémnééuéhihkiﬁé7pé££éfﬁgm£6f7

become firmly established (Item 6).

'Whereas students in a large percentage of the classes ;

observed were all organized to carry out the same activities




N

at the same time (Item 7), thig would occur less‘ofﬁen in ar S {" 3
Piaget-oriented teaching practice.  Students in the latter |

would moré often be working through topiés at their own

rate and iﬁ any one lesson, pértiéularly after the topic

introduction, the students would be involved in differént

activities. ‘ , o '

The amount of time in which students would follow text- : -
book instructibns for laboratory investigations (Item 8) is |
slightly less for the Piaget-derived'teaching practice than‘
for the Type leessons which involved students in laboratory
activities.

Traboratory write-ups and individual student written
work (Item 9) occurred much more frequently in all the les-
sons than would be planned for in the Piaget practice. B

The overall frequency of otcurrence of the activity
in which students answered problems by applying algor-
ithms (Item 10) is close té‘what would be expected in the

Piaget-derived style of teaching. The amount of time in

PR

which studéﬁts wouid utilize memorized definitions would
occur less often in the Piaget~type stfategy {Item 11).
Both of these activities, however, would occur less often
than was observed in the Type III teaghing strategy.

By referring to Table 10, which iists the meanskéf
teacher activities by teaching type, it can be ’S’e’éﬁ that

for a Piaget-type teaching strategy the amount of time - —

occupied by the teacher questioning students to determine
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hE : their level of knowledge in a subje¢£ (fEéﬁ 1) is'giiéﬁEIy’:
hhigher than was observed in this sample of lessons. The

frequency of occurfencé of thought-provoking quegtions posed
byvthe teacher (Item 2) and the amount of time in which a

teacher expects verbal explanations of léboratory observa- .

tions (Item 3), however, would bé much higher in a Piaget-

AR e

J’;;ﬁived teaching strategy. ’ Individual student-teacher
interactions (Item 4) would also occur more- frequently than
observed in this study.

T Item 5, which measured the frequency of occurrence of

the teacher talking to the whole class at once would occur

. much less often in the Piaget-derived practice. The means

of Item 6 énd 7, which indicate the frequency of occurrence
of teacher demonstrations and the teacher telling the class

in advance the results of their investigations, would remaim

as infrequent as in the observed lessons. Occasions da}ing”

B L T RETERI .
.

. " . i L~
which the teacher would engage in activities other than

those directly involving student-teacher interactions
(Item 8) would occur more frequently in a Piaget-derived
practice.

- To summarize these comparisons,‘then, the frequencies
of occurrence of teaching éracfices observed in this study
differ markedly from the . frequencies which would be expected

if the Piagetian-derived._practices were followed. Observed , R

practices were similar to Piaget-derived practices in the

low frequency of occurrence of student activities 8 and 10,
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Fl

and teacher activities 6 and 7, all of which'are‘cgnsidefed

unlikgly tbgaid the development,bf formal thought. Of - | e
the activities considered likély to promote thé devé;op—>

ment of formal thought, the occurrence of one only was ‘ :
rsimilar to the Piaget-derived occurrence. This item meas-

ured the frequency of.OQCurrence of teachers' questions

direéfed at finding students' existing levels of knowledge

in a topic (Teacher Item 1).
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CONCLUSIONS AND DISCUSSION

’

The first objective of this study was to:derive from

the literature those teaching praetices which would aid the

Fr

development - of formal-operational thinking pattefnsifrom_

concrete—operational structures in adolescents inyjunior
w L .
secondary science classes. This was accomplished by a

e

comprehensive exploration of the literature related to

both Piaget's theory and science teaching. Next, teaching

" practices which were considered to be most useful in pro-

moting. - formal thought were used to develop an.instrument.
By applying this codfng schédﬁle to lessons being taught
in jUnior secondary science classes, it wasg then possible

to identify practices currently beidé\psed by a sample of -

v

science teachers and to compare them with the theoretical
teaching practicés déHuced from the literature.
The results showed that the most frequently occurring

student activities included students wriﬁing.up laﬁoratpry

reports or writing answers to questions or problems from

the text book and students doing laboratory work according -

f'toﬁwfitténwai}ectibﬂg;i,All students in a class were

required to do the same experiment or activity or answer

4

N




. o - i _ _
the same set of problems from their text book; they all

)

progressed through their work at the same rate.
.+ The most frequent teacher activity was the teacher
talhing,‘describing or explaining current wotk to the’whole
crass. LeSs?cften, the teacher would»direct questions to

¢

the whole class.to .determine their level of knowledqe:qfva»-’

-

topic or the tegcherfwould.interact with or question indi="""—"" "

-, -

vidual students as they carried out their laboratcty -

activities.

N . w f

Conclusions

The obsefveq practices,'then, were not similar to those

- - ) - . .
whi¢h one would attempt if the developmeht'éf formal reason-

ing was a goal of science teaching The Plaget aerlved o
‘act1v1t1es, aimed  at encouraglng dlsequlllbrlum in the

‘student s exlstlng structures, wquld include more frequent
- instances of students being deliberately encouraged to dis-
« B - .

« R

cuss thei? observations; to plan their own procedures,
- ' - ad - .

£ Areﬁeat activities which they did not fully undenstand’at

first,,end to be able to progress through a topic at their
own rate. The teacher attempting to use the Piagetian-

orlented practlces would talk less to the class X8 whéle

but would ask more questlons of the students, bdth of the

whole class and in 1nd1V1dual 1nteractlons w1th students.
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1

The results of tﬁié,study,showithat most of théwteachef
ahd student activipies observed in junior Becgndaiyiscieﬁcer‘
classrooms were based on activities and topics outlined in
the éext books. In‘this‘feSpéct, the stddy agréeg with the

~

summary report of the British Columbia Science Assessment

-when-discussing the teaching of science in junior secondary.

gradés;

»

~_, _Students in many secondary c¢lasses seldom

= © or never engage in activities such as pre-
paring reports, doing projects, designing
their own experiments, or discussing cur-

rent materials from newspaper and magazine

’ articles: (Summary Report, B.C. Science . ,

' Assessment, 1978, p.45) . -

)

That none of these activi%ties were observed is‘nbf to
say fhat they do not occur . Teachers were asked to teach
norﬁallyroutine lessons when yéing'dbserved; lessons which
included the above‘activitiés may not have been considered

- . AW
normal or routine or may have bden considered more difficult

‘to do when an -observer was in the classroom. In. fact, in

- at least one school there was evidence that material and

articles from newspapers and science magazines were used

- as the basis of discussion in some science lessons because

there were files and shelves in th¢ ciaésrooms stocﬁéd with

les.”

gazines and copies of artic

= P

}yingmadesgmec@nclqsionsabouttheteachiﬁg‘pxéctices
observed in this é%gdy, it is now possible to return to the.

initial questions-and ponder the answers -to them.




L

Discussion

" The ljterature surveyed showed that the majority of
students in senior high schobl, probably two-thirds of them,
are at, the concrete—opérational stage of developmentf
Teaching practices likely to p;omote the development of
e ‘more comélex reasoning in students were then,identigigdt, m¢ﬂ4,”,”H]ﬁ
In view éf the first statement, it is perhaps not surpris;
' ‘i". - ing that‘present teaching practices are not similar to those
f; - recommended in the literature. 1If the Piagetian-derived
practiées are baséd‘on correét assumptions and they would
f.in~fag:t aid_in,thé development of formal thought, one would

“‘1"1 o noé expeét the existing teaching practices, which differ

markedly from them, to promote formal thought. : “

Further, the development af formal—operational reason-
o ing,ﬁgttérns is probably not a goal pfesently beihg pur-

sued by sechdary science teachers despité the iarge amount

of recent science teaching research which focuses on

Piagetfs theory ofiintelieétual’devglbpment. The present
political climate\is more likely to direct teachers' con-
cerns towards core cﬁrricula and  the most'effiqient wayé
of getting facts across to students. Téaching»praCtices
‘which develop formal thought or whiéh utilize‘eaniry

T oo jmethods’afemoutsidé”thefzeitgeist“of“the”“back“to—basicsﬂ—ﬁmgm*~44*"~4w*f

P

. trend
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Finally, there 'are some personal cghments on the

LTI

observed teaching practices. It was surprising and per-
pleking to find that all students in all classes observed
were required £o carry out the same investigations or
written work and progress at the saﬁévrate., One can only
speculate on the reasons for this. At first it was con-
sidere&'that'it'was perhaps because the text book was ' *' S
closely adhered to and the majority of schools used the same
ﬁexts.' A close\examination of the contents of the texts,
however, revealed that, consistent with the statements in
their»int;odﬁction, extension activilies and alternétive
references té,other texts were provided for many of the
topics covered. The authors of those texts intended that
"the course (could) be tailored to the interests and abili-
ties of individual students" (Schmid, 1970 and Schmid, 1973).
One can understand that the same area of study such as, |
say, Light or Heat would be the focus of study undertaken
by the whole class since it involves using the same types

of apparatus. But, since eacﬁ teacher has his own science
classroom and has ready access to a storeroom and a lab-
oratory assistant in some séhools,‘it Qould seem at least
feasible in terms of physical facilities that student§

" could pursue different investigations within the same class.
Students do have different abilities and are at different =

Tevels of intellectual deveiopmént.r These differences camn - T

be accommodated by allowing different rates of progress




e
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within a topic. Pre-lesson préﬁération and bfgéniéétiaﬁ,

however, are certainly more time consuming if different rates

of progress.are planned.

‘OnevIast comment; >tbere were very few occasions when
students asked questions of the teacher. While it might
bersuggested that the presence of observers inhibited
;tgdgpts'iggrmal activities, their Qsper observed_qlagsroqm .
behaviours showed that this was not the problem."Althouéh
the asking of questions was noffan activity for which the
= fregquency was judged on the coding schedule,,it§\€f59ﬁce

ﬁas’most noticeable. The observed teaching practices f

apparently do not encourage student-initiated questions.

¥
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- APPENDIX A

LETTERS OF APPROVAL TO DO RESEARCH
IN THE SELECTED SCHOOL DISTRICTS

¢
Y
(NG 1




PROFESSIONAL DEVELOPMENT CENTRE
T R
BURNABY SCHOOL BOARD

L March 9, 1979

Dr. Marvin F. Wideen,
"Faculty of Education,
Simon Fraser University,
Burnahy, B. C.

Dear Dr. Wideen:

As you are aware, the district Research Committee reviewed
your research proposal on Teacher Strategies and Change Strategies
Of Secondary Science Teachers at a meeting on March 8, 1979. Although .
there were“some questions, your proposal was approved by the committee.

- The next step in this project will involve the identification
of the actual schools to become involved, and as I understand from
your description of the study, this is to be done randomly. Once
you have selected the schools you would like to contact, I would
appreciate you calling me so that I can attend the meetings with the
secondary departments in’ those schools.

The study is interesting and ambitious and we will try to
assist in every way we can. I will look forward to hearing from you.

Yours truly,

Blake Ford

Chairman

Research Committee
BF/1il '

350 l’ioldom Avenve, Burnaby, B.C., V5B 3VIi Telephone 299-8464
& . e
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SCHOOL ‘DISTRICT No. 43 (COQUITLAM) -

- 550 POIRIER STREET,
COQUITLAM, BC. V1) 6A7

1979 02 12

Dr. M. Wideen,

Faculty of Education,
Simon Fraser University,
Burnaby, B. C.

VSA 1S6

Dear Dr. Wideen:

Thank you for your February lst letter, and attachment, in which you
outline a research proposal involving the teaching of secondary science.

Approval is given for you to contact the principals of secondary schools
in the District to discuss your proposal. Participation, of course, is
left to the discretion of individual principals and tesachers.

We look forward to any results you are able to share with us.

Yours very truly, e

Jea

A. K. Mutter,
Assistant Superintendent of Schools.

for:

G. M. Paton,
Superintendent of Schools.

GMP/ jn
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OUTLINE OF PURPOSES OF THE PROJECT
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a

Secondary Science Research Project

i

Purpose of the Study

The purpose of this study is to determine how: science
'is currently being taught and to determine what tfactors,
situations and constraints influence that teaching. From
this, wé can then investigate questions such as: Do cur-
rent strategies reflect those recommended in the literature?
Do teachers find themselves constrained to use certain
teaching methods because of external pressures?

Those who have studied innovation in education have
shown that the process of change is enormously difficult to
effect. Therefore, a second area of investigation involves
identifying the barriers which teachers encounter when they

try to changé their method of instruction.

PRI e sy

5

Thus the overqll intent is to determine how science is
1 being taudht, what factors influence teachers to teach as
they do, and what steps are likely to be the most productive
in changing the method of instruction. As a means of
initiating a line of research into this area, the following

specific objectives have been set for the project:

4 a; To identify the teaching strategies most commonly —

used by a representative sample of teachers;
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b. To determine the extent to which the strategies.

identified in "a" are related to various factors including

teacher attitude toward science as inquiry;

c. To identify those strategies of change to which

teachers are likely to respond;

d. To identify the barriers to improving the quality

of instruction as perceived by teachers.

Procedure

In order to achieve these~9pjectives, we propose
to obtain data from a random samplé, of 30 teachers using
interviews and a questionnaire, and collecting three audio
tapes of each teacher's classroom teachinq. The analysis\
of the audio tapes coupled with the interview data will én~
able the researchers to identify the teaching strategies
most commonly used by the sample of teachers.

The quesiionnaire and interview will be gtructurea to
gather data on a range of factors that will be related to
the teaching strategies and the teachers' attitudes toward
these strategies and toward strategies'pf change. A para-
llel form of the teachers' questionnaire will be given to

students in those classes which will be audiotaped. This

administration is expected to take approximately tWénty

each teacher will be about one hour.

3)

J
-
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The data will be collected by the research team, which
includes faculty members in Education, and three graduate
students. All research team members are experienced

educators.

Follow-up

Since the study involves the chlection of empirical
data about teaching strategies that the participadfs use,A
the researcher believé the teachers will be interested in
receiving a s;Emary of the findings at the conclusion of the
study. Therefore, while all data will remain confidential,
the research team will share the final report with the paré

ticipants.

Research Team

Margaret Cusack
Dr. Marv Wideen
: Geok-Sim Seah

Dr. Al Whitney
e ) Elaine Barr
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FINAL FORM OF INSTRUMENT USED FOR
CODING SCIENCE LESSONS
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Grade Level:

Topic covered during lesson:

Teacher Code:

1

Ltem

STUDENT Activities

iy

Work in small groups that
facilitats interactions
and discussions about
work they are doing

Plan their own procedures
for carrying out practical
work, e.g. plan how to
determine the density of

a solid, liquid or gas

Discuss applications of
newly learned concepts or
ideas with their peers, -
e.g. beforé starting to
answer textbook quagtions
would first verbaldy dis-
cuss their explanations
with each othear

Are encouraged to makea con-
clusions or propose hypoth-
eses based on observations
made during lab activities,
a.g. students are sncouraged
to make a generalization
that only the metal samples
conduct electricity

Manipulate materials them-
salves. Students set up and
handle their own apparatus
for the topic being studied®

Ars given time to repeat or

- extend their observations

after discussing conclusions
with other groups or with
whole class

Whole class proc.;ép through

a topic at tha same rata,i.e.
whole class treated as being
at the same level, e.g. alther
all listening to the teacher
or all doing the sama activi-
ties during a lesson i

Follow text-book instructions
(or procedurs written on b.b.
or o.h.p. or handout sheat)
for. laboratory activities

Do lab write-up or written
answers to questions from
textbook {or b.c. or handout
sheet) on their own, e.g. sit
and write out answers to
questions about recently
learned concepts without any
peer discussions

10.

Answer problems by applying
an algorithm, e.g. answer
problams on density by apply-
ing D= = or do heat problems
by v applying general-
ized formula

-

Are expactad to memorize
matarial, e.g. definitions,
valence and apply them when
needed without necessarily
underatanding the concept
first -~




Item

o

TEACHER Activities

T 1.

Asks questions to datermine
pupil's level of understanding
of toplc - whole class, indi-
vidually or in groups, e.g.
may ask qualtion to gauge
students' understanding of
energy, temperature, effect
of heat

Asks questions wiiich are not
idtmediately answerable - ques-
tions are designed to arocuse
curiosity or show students
that there are some parts of
the topicbeing studied which -
cannot yet ba understood with
their existing knowledge

Encourage students to sxplain
or account for observations
made during lab activity, e.qg.
why did only 2 solutions
change colour; why did this
light go off first, what does
that precipitate suggest to
you?

Divides class into small
groups and sncourages peer
interactions about their
investigations or other work.
Interacts himself with small
groups to gauge students’
understanding of present work
or redirect their thinking

B T T e ]
Claims attention of, or lesc-
tures to whole class at oncs.
Lesson consists mainly of -
teacher talk

Demonstrates scientific prin-
ciples by manipulating appar~
atus himself. Students can
only observe

--than non-metales — — —— -

Tells claas in advance the
concept or rile that they are
going to prove, e.g. today we
are going to observe that
matals conduct heat batter

Ratreats from classroom or
_supsrvises class with no

e b b et - s e

ekt oo ot D S e

Pl

interactions except to main-
tain discipline. No inter-
action with, students to gauge
their progress or understand-
ing of a topic
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SCHEDULE ON WHICH TEACHERS AND EDUCATORS
: : INDICATED IDEAL AMOUNT OF TIME WHICH CQULD BE -
t o ~ SPENT ON PIAGET-DERIVED ACTIVITIES IN SCIENCE -LESSONS
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Please indicate on the scale below the amount of time that could be -
spent on each of the activities listed assuming that the activity”
would help develop formal thought and you intended using the \
activities to promote development of formal thought. Since the ~ .
content of science .lessons can vary between lab activities and
discussions, it might be better to think .of the percentage of

time which could be occupied by each activity over a period of

3 lessons rather than a single lesson. -

Percent of time it could occupy

S1.

STUDENT ACTIVITY 0% 20% 408 60% 80% 100%

Students work in groups. so that they )
can discuss their activities, . . At =
results, ideas. ’

Students -plan their own procedures : . - PR |
for carrying out practical work.

Students discuss their observations,
or applications of a new concept, L - A
with their peers before attempting
to answer text book

Students make conclusions or propose
hypotheses about observations made
during lab activities.

Students manipulate apparatus them-
selves. They set up their materials, N N N N
do their own lab work, use micro- .
scopes, atc.

~activity to increase familiarity

Students repeat or extend their

observations after discusaing their
conclusions with their peers or the A - : L
teacher. May be repetition of an

with concept.

Individual students-or groups ) - -
progress at own rata through a . L L )
topic. Different groups would be at
different stages in most lessons.

TEACHER ACTIVITY

Teacher asks questions _to determine
the pupil's lavel of underatanding R L N

of ‘a ropic ~ whole class, individu-
ally or in groups.

-ledge of a topic.

Teacher asks questions which are
thought provoking and designed to
arouse curiosity of students or
designed to make udents aware . 4 - =
there are still ngs they cannot
explain with their present know-

“varbally explain or account for

Teacher encourages students to

or make sense of their obaerva- -
tions made during a lab activity. ’

Teacher interacts with individuals
or small groups to ask questions, .
check students progress, bacome L ‘ = 1
aware. of the reasoning patterns
they are using.
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Please indicate on the table below the proportion of time which you

N

. ti¥ity were not likely to promote the development of formal

" thought and (2) you aimed to develop formal reasoning in science

classes.

-Since the content of science lesson can vary it might be better

\:ziiéger need be spent on each activity if (1) you considered each

to think of the percii;ggT'of time which could be occupied by each

activity over a period/of|3 lessons rather than a single lesson.

STUDENT ACTIVITY

0%

20%

40%

60%

80%

100%

188. Students follow texs-book instruc- 

tions for lab activities (or a
procedure written out by teacher -
on b.b. or o.h.p.) ‘

9. Stuydents do written answers to
questions from text-book on their
own without any discussion with
peers or teachers or do lab write-
.ups on their own.

10. Students use algorithms by which

how to manipulate a formula
D =-%. to find the: unknown

they answer problems e.g. are taught -

11. Students use memorized material
e.g. definitions, valence and
apply them without necessarily
understanding them.

TEACHER ACTIVITY

=3 e

T5. Teacher talks, lectures, claims
attention of whole class at once.
Lesson consists mainly of teacher
talk. )

6. Teacher demonstrates scientific
principles by manipulating apparatus
himself (demonstrating a new tech-
nique not included).

7. Teacher tells class in advance the
concept or rule that they are going
to "prove" e.g. Today we are going
to observe that... ’

8. Teacher withdraws from interactions
with class and simply supervises
students with no verbal -interactions
except to maintain discipline.
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APPENDIX E

FREQUENCY DISTRIBUTION GRAPHS
OF OBSERVED TEACHING PRACTICES
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Item Teacher 1 -

s 1
‘2. 2
3 \
4
5
6
Key 7
zero 8
: - 9
rare ( 1- 6) 10
moderate ( 7-15) 11
, T 1
frequent (16-24) 2
3
) 4 _
5
6
7
8
Item Teacher 2 Item Teacher 3
s 1 S 1
2 2
3 3
4 4
. 5 5
: 6 6
7 7
% 8 8
b 9 9
: 10 10
3 1l 11
: T1 Tl
2 2
-3 3
: 4 4 ,
1 5 5 - -
6 6
! 7 ¢ 5 : e 7 FEHTHH -
8 8 THRHS

Frequency distribution graphs of observed teaching practices
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ITtem Teacher 12 Item Teacher 13
s 1 S s 1 F: )
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5 5
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7 7
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