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frdm‘the’Editor g

— — - — - .b E 3 L : -
o This issue of INVESTIGATIONS IN SCIENCE EDUCATION contains -three

clusters of research reports. ‘The first cluster, COGNITIVE DEVELOPMENT
S
'Nreflects a continued empha51s on Piagetian research Three of the five

-

studies in this group are‘Biagétian in nature. ' e
The second'cluEEer'ontains.four studies deéling'witﬁ ATTITUDES AND
cT ~ oy

VALUES, with twO'of.these studies being reviewed in a single critique.

{

- The final cluster, AU"OJTUTORIAL INSTRUCTION ~contains two studies
'both dealing with biological sciences, one at the high school and one'
' ) ' - , )
at the pniver51ty level. _ L .

We continue to encourage publishable résponses‘to'the analyses and)

invite suggestibns for improvement of’INVESTIGATIONS-IN SCIENCE EDUC%FION;

] . g
Stanley L. Helgeson
Editor. N

Patricia E. Blosser
Associate Editor
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" Bredderman, Ted. "Elementary Schodl Science Experience and the Abilify &
~ to Combine and Control Varlables." Sciente Education, 58(4):457— ,
469, 1974, v :
o ,Descriptors--?Cognltlve'Development Curriculum; Educational
 Research; *Elementary School Science; Laboratery Experimengs; -,
*Learning Theories; Science Education; kScleqilfic Methodology,

. Science Course improvement PrOJect : s
- <
Expanded abstract and analysis prepared especially for I.S.E. by Anton E
~Lawson, Arizona State, Un1versity. . . . -
o L,
J ‘ /7 > ©

Purpose
: e
. .

This study attempted to answer three questions with regard to the ability

-

to combine and control variables'

1. At what grade'levels;do children from‘npper middde class.

¥,

American commupities develop these abilities?]
' J’ ‘ .. . ////
‘2, Does the elementary school science program in the school they
' attend produce a notdceable effect in this "development?

R

<

. s .
3. Is there a relationshlp between a'child' E:llity to control

' variables and his ability to form combinat ns of variablé;

. .
. L.

- * ’ r v . o~

L. Ty L S ‘ ’ : . - O :
Rationale . = . . , o ) , _r\'~ .
L N . . ’ ’ g ‘

A trend in recent years has beén noted in whicb elementary scleq&e pro- .
grams such as Sc1ence——A Pnpcess Approach have beguh td emqfa512e the
investigative prﬁcesses ‘of the scientist. * These 1nvest1gat1ve processes E
involve the abilities to combine and. cp rol*variablesJ- ‘These abilities

" . have received- w1despread attention inm the sc1ence educaflon and psychol-

-

v ogy literatPre in recent years. This 1nterest can be traced to Inhelder

{

“ < and Piaget's 1958 volume The Growth of Logical Thinklng from Childhood

to Adolescence’ in which” éié comb&gation~agg/control of var1ables play a

. central role in tHe developing "formal operational" _reasoning of -the

adolescent. .. : . o



: tional reasoning represents the fourth and final stage of’ development

-
£

v

_.Campbell and Stanley (1963) as the one-shot case study design.

' were taught science in one of three programs:

In Inhelder and Piaget's theory of 1ntellectual development, formal .opera-

Formal operational reasoning, whlch can be con31dered hypothetico~deductive
is theoretlcally dependent upon the prior develoP-
Thus fdrmal .opera-

scientific reasomidg"
5
ment of concrete operational reaioning of the chlld

'tional reasoning is delayed in appearance in most persons uﬁtll adolescence.

Further, “Inhelder and Plaget theorize that the development of the "combina-

torial syste ' which allows the generation of all p0331b1e comblnations of

variables is necessary for the subJect to devise controiled experiments and
to properly deduce «their implications.

3

S o
“

Research_Design and Procedure

.
-«

éi;loyed in . this study is referred to by
Subjects

' Desigg The research design

/(l) ‘a noncoordinated science

program, (2) a 3pecialist—run laboratory progran, d (3) the Science—A
Pr0cess _pproach program. Follow1ng-science instruction in one of these
three programs subjects were posttested with measures of their ability to-
combine variables and to control variables. IQ scoies measured by the

Otis Quick Scor1ng Mental Ability Test were taken'from.school records.

- - i

’ -~

Snbjects were 240 childrep in grades 4, 6, 8, and 10,

{ v

Subjects.
random sampl§
at “each grade,
.j?

_7c Procedure. The ability to co

A

w

of 20 subJects was chosen, fr0m each of the three programs
f

- -

v ’ .
: .

.
-

.- “ N
ine var1ab1es and{to controlsvariables

. Was measured- u31ngpindividual tagks agmlnlstered by~four trained examiners.

7

\
i

sisted 1nfpresenting ‘the /

e’

i 7
Iasks. The combination of rariables task
subject with pieces of wooden ooen cdhsisting of four different pieces vary—
, - ket and hat. In all, 16 different ‘men

Subjects were askeF to generate as many wooden men < -

-&.. 4
ing in color of‘s&oes, trousers
could be constructed.
as they could.

ing the degree to which their approach was systematic and complete.
. ‘ *

Responses were scored into one of seven categories reflect- .

The control/ of variables task consisted of presenting the subject with two- v

identical lever systems in which five independent variables affected the

3

-,

v

s F'A Q



-~ performance,

distance the lever moved when a weight was placed at 1ts end Questlons
were posed in which the subgecé was asked to- test the effect of the inde-
pendent varlables A numeriﬂal score/reflectlng the number of variables

deliberately controlled was calculated. ’

v i . ’ ' R . :
Data Analysis: Subjects' abilities® to combine and control variables

¢
were compared with respect to grade level 'and elementary school sclence\
programs using Chi-square and analysis of covariance technlques. Corre-

lation coefficlents (type not specified) were computed and reported among

_ task responses, sex, grade level, age, IQ, and mental age.

L {! ’

e
Findings AN .
T \ ’\
\_ + . . * . . s ' K ' ' '.l . .-
The ability 'systematically .generate combinations of variables increased
signiflcantl with age (p< 0.001) up. to the ‘eighth grade thqp leveled off
.The ability to control var es also increased signlflcantiy w1th age

(p<0.01). This, increase w. ev1dent between each: age group w1th;no level-

ing off between. the elghth and tenth grades.
" [ * ,'.. ' ' : ' »

'3 B
No signiflcant differences Were/observed among the three d1fferent SC1ence .

programs on either task . (p<0 05) .o 2 -
(K I8 - .

- . . [ 4

The abllity to systematlcally comblne var1ables was .found to be signifi-
cantly related to the ablllty to control variables (p< 0.00F). Nearly

_all subJects who could combine varlables could also control variables,

. Howevgr those who could combine varlables may or may not have. been able

to control varidbles, This relftlonship was reversed when only subJects <4

. wifh a hlghly developed ability to co;trol variables were considered or

whep all sdbﬁects were considered ‘and their control of variables responses
were d1v1ded-into non—perfecj/and perfect - teg6r1es, 3
.t ) _3 . )

The?correlation analysis revealed moderate to‘high intercorrelations among

’

the abilities-to combine and éontrol variables, grade level, age, IQ, and
mental ‘age. By ‘and large, sex'%id not correlate significantly with task

o8

B - <
- . r -
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_The following conclusions wene"drawn:

Intexrpretations . . Ct .

S ’ ) :
1, There is a significant improvement in children's abilities to
combine and control varigbles during the preé and early adoles~

cent years. ' e ‘ .

‘

2. These 1mprovements do not sgem to be not1ceab1y affected: by the

science program used during the upper elementary grades.

L

. 3. The initial dévelopmenc of the control of variables ability
'precedes that of combining variables but ﬁinal mastery is-.not

achieved unfil the combinatorifl ability has been acquired.

ERd
LY

The development of the abilities of copbining and contro}ling variables
appears gradual and spans several years.' Further, at.any one age the

variability in performance is considerable. ' - - » .

. ” : ' - . S ' .
On both tasks some fourth graders performed better than some tenth .

graders. The failure of subjects from the Science-—A‘iroceés'Agproach

program to perform better than the subjects from the other programs:on“

the combination and -control of varlables tasks was unexpected This

failure was/ettrlbuted to lack of . transfer of learning.
- ' \ ‘ £

} -—

—~ A\ _
The th2rd conclusion -is in ite close agreement w1th theoretical expec-

" tations based upon Piagetian theory which states that the experiﬁ4ntal

isolation of variables leads to the combinatarial system which enables
one to useqiropositional reasoning which in turn allows complete mastery

of ,the contfol of variables procedure. . Ve

s .t N -

. ' | ABSTRACTOR'S ANALYSIS | :
- - S r
This research addresses fundamentally izportadt issues in education; i.e.,
what reasoning processes develop or fa¥lgo develop with age? And what

can instruction (in this.case science instruction) do to facilitate-this

development? _ <. >\\\v//

Paad
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.The findirg that components'of formal reasoning do develop with agq and
°that’a’wide'ranée of p&;ﬁormance exists at any one age has been corrob-
o orated by a number of morc recent - studies.(e.g,, Lawson, harplus and Adi,
o " 4n press- Martorano, 1977- Moshman 1977). . - ’ '

- ‘ - . ’ .
The issue of determining sequences of development of components of formal'
reasonlng, in this case the development of the ab111ty to combine varia-

bles nrior to the. deve10pment of the ability to contgn; variables, .is a

L

very 1I7 "Icult issue to deal with adequately. Such 1yses are compli-
cated by%the fact that logically equivalent tasks can vary in degree of
" difficulty d?e -to logléally irrelevant varlables (e. g., Nummedal and
Collea, 1978

g - difficult to determine. One would need to insure that variables such as

thus making the quea;lon of which logical ability comes flrst

task content and complexity were controlled, This was not the case in the
Bredderman study.' Recall the combinations item involved wooden'nen and
‘colors of shoes, trousers, etc. wihile the control of variables task invdl—
ved levers. It would have been better to have asked the"subjects to_
generate coﬁblnatlons of the varlables involved in the lever task as well
as control of variables questions. leewise the subjects could have been
asked ‘control of variables questions -with the wooden men as well as the
combinations quescions: Nevertheless, the ;asks that were used appear to
be novel to the subj;cts and the variables involved were familiar enough
to be understood so that the results may in fact not have been affected

by the difference in context. See Lawson® (1978) for a more’ eomplete 2:3-

- . cussion of this issue, ' . J;ﬁ;

»
Ed L]
‘.

The conclusion that the Science—A Process Approach (S-APA) prograg d1d

not noticeably adwvance subjects' abilities to combine and control varia-
a

bles is of course regrettable. On the other hand L1nn and Thier (I975)

{' reported that the Science Curriculum Improvement*StudyACSCIS) program dif

4

have a notlceable effect on advanc1ng subJecis ability to control varla—A

bles. Fallure in one instance and success in thebother codgd be due to
several factors, the programs themselves being just one possiblllty.

‘“Other possihilities include the adequaCy with which each program was
taught, the length of time devoted to each program, and of course to the

method of measurlng student reasoning abilities,
~
r




‘If, in fact, the .improvement -in one. instance and lack of noticcable
improvement in the' other can be attributed to the superiority of the

SCIS program, - this could be due to the fact that the SCIS program makes
'every attempt to embed the logical reasoning within the context of the
science- concepts being taught whereas the _{-APA progran does not. For
example, SCIS class leSSOnS are de31gned to study env1r0nmental factors,'
energy sources, photosynthesis and so on, "with the combination and con-
trol of variables coming into nlay only when needed to understand such

¢

“

science concepts. .
¢

The S-APA program, on the other hand, has l;assons in which students
explicitly study controlling variables, observing, measuring'and theilike,'
. with the concepts of science'relegated to a secondary role, ‘fhis differ-
_ ‘ence may be significant in that the SCIS program's'approach may be more °
. -+ in tune with the? way logical reasoning "sponoaneously" Tanifests itself
with advancing age.- Children are typically not directly taught to com-
bine and/or control variables outside’?f school yet the evidence clearly
~ shows that those log1cala§Ei11t1es to de\\lop (at least in many children).
. ’ i ~
I believe that Bredderman s conJecture is essentially corregt that the
reason the S-APA program subJects failed to outperform the other. subjects
was due'to a failure to transfer their learning.- The Lawson and Wollman
(1976) study clearly 1ndicated ‘that flfth and’ seventh grade students of )
riormal intelligence can acqu1re the ability to control variables in a j)
¢ .relatively.short period of time. 3ut do they use this ability once .it
is acquired? - Does it trassfer to new situations? . v
- ' The ansuer to these queltions, I believe, is 31mply that it depends, .
First of.all, ‘it depends upon the way in which the ability was taught, .
It must be taught in such a way that it is connected to the students _.
own intuitiOnS\(intuitively connected). And it must be taught in such
a way that it is related to many external contexts, not Just science .
contexts (contextually connected) Further, it depends ‘upon the sort
of environment in which the student finds himself after: the training.
If he returns to an environment in which the newly acqﬁlred ability 13
not needed (i.e., an authoritarian environment in which questions are
“not raised and evidence 1s not _sought to test tentative answers to these

questions), the ability will atrophy from disuse., However,- if he returns

| ;'. oo | .,‘ Pg ) | "‘.‘_:

-
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to an,envirOrment in- whfch th%‘newly icquired reasonlng abllity is

demanded At will be fnrther sharpened “and refined - Transfer w1ll' -
be effected . _”‘v <o, -iﬁ%f<' e ! . : ,f.t _.:'. ’ . )
T e .-;r. ‘ o @3' : ; (A B

The successful program then‘must be, more than a program in reasoning

in science _ The program must began.w1th examples*from the students

own experlence and it must- contznue w1th examples out31de of the con-

- text. of science. Further it may be necessary that many - courses (not :
just the science c0urse) create situations in wﬁlch answers to questions
are actively sought and- tested. . - : ' § flb
— . o . . -

‘task at hand// R -

The Bredderman study is a valid and worthwhile 1n1tial ‘attempt to deter—

mine - the effectiveness of a science program on the development of ,

'reasoning of students. It clearly points out the magnltuderof_the

®

' L) . Py
b -

An extremely imporgant. direction for'future research is in testing
various hypotheses concerning methods of teaching logical reasonlng

and variables affecting the transfer of such teaching.
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Descriptbrs--*Cognitiveﬁbevelopment‘ *Developmental TaskS‘
g8 Educational Research; Group Tests; ScienceuEducation- Secondary
Education° *Secondary School Science._—’ T o .
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Expanded abstract and analysis prepared‘espeeially for I.S. E by Jerry G. -
Horn, Kansas " State Univer31ty... S .

N
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_Purpose 0

fThe Jprincipal. obJective of the research wasktq\produce workable group
forms of Piagetian tasks. The report“ib a. describtion of an attempt to

A
translate“two Piagetian-type problem situations into forms suitable for

administration to groups, ‘together W1bh marking‘schemes and a report »
- . and discussion of the results of their experimEntal trial |
’ - x R ..,‘ x. . ;:\‘ Rl , "
' e . . . . ’ ..\'Vv \ ': ‘-\ S _ "_ :--_";_-_\. B ' ;?’ b
; IR A ' e »:1.»)",_" L

In l966 Bruner maintained ‘that mental growth was essentially discontin— T
uous and therefore .best described by stage developmental‘theories rather
/than theories postulating gradual accretion processes. The stage deveIop- A
/ﬁnent viewpoint, particularly in the form proposed by Piaget, has gained.a -_g.
) /5 steadily increasing 1mportance in the thinking‘of’ educators. 'A number of,‘ -
attempts have Been made to construct school sciencegcurricula fitted to =
deve10pmental levels and to analyze existing courses %2 thensame terms 23
‘Examples of these\attempts are the, "Australian Science,Eduﬁation Progegt‘ a
- and,:h1dl&%ain the "Schools Councy 5/13 Project.™ Iﬁgle and Shayer,, L
. " in-a serie§ of articles, have descri ed a technique for asseSSing science- '
5. ‘courses based on Piaget s developme al stages, and have demOnstrated its
- usefulness by providing a close analysis in these terms of the Nuffield

o 0-leve1 courses in chemistry and ph;sics.'

) .- e

While attempts to adapt- curricula to the developmental ‘levels of tH&
intended population must: be applauded as an 1mportant step in impr 1ng
the guality 6f our. educational System the problem still remains for the
teacher——how to identify the. mental development of g h child who faces-//, 5,

b " him,’ Shayer has suggested-the indirect method of utilizing mental age
> ’_' . '%_ .
4' S -llfl;) v g
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S,
'as a predictor of stage of mental development. ‘Slnce 1nd1v1dua11y admln-"v
. 1stered type examples, as- discussed by Inheldetr and Piaget, are

prohlbitlvely time consuming for use in the normal classroom sztuatzon,

‘thls study is an attempt to translate twe Plagetian-type prpblem,51tua—’_ 3
B l, tions 1nto forms suitabie for administration to gropps.’ & T k:
& . . Co . #
i Research Design- and Procedure ¥ SR oo

o ' o Ef\ e
" . The prlncipal objective of the research reported here was to produce woxrk—
; able group forms of Piagetian tasks. The tasks seleéted for this study .
were (1) The Chemical Color Change Problem and (2) The Pendulum Problem. L
The\;esearchers wanted a chemical task and a ph sical one that were struc-
turally similar but which involved very different subJect matter.\ This

was desired 1n_or&er to test the hypothe31s that a particular guality of

< -

thought demonstratedﬁin the subject-area tends to be-demonstrated with
problens possessing a similar structure in another subject‘area. N
Essentlally, the students comp031ng the sample for the study were given a
set of materials 1nstruct10ns and work sheets and they were asked to com~
plete the task as described in .the 1nstructions._ Tﬂere were two work

sheets following.the initial page of instructions-for each task The

first work sheet was designed for the. student to record his physical manip-l.
ulations of the apparatus. The second work wsheet asked for'a ,summary of

!{ﬁ _what had been found ont 1n the experiment. B % .

% <
. /
<
= \ N -

The sample fbr-this study con31sted of ‘a total of 193 students (110 boys and
Y 83§ir1s) who part1c1pated in the chemical experiment- 189 of the same
studénts (107 boys and 82 girls) part1c1pated in the pendulum experiment.
e &he students were selected from a South Australlan metr0polltan high ()
. school and represented each of the first four years of the high. school
"Vrith the exceptlon of the first year, where there 1s a random assignment
“to classes. Students at the school are streamed by ability, therefore, a

~ 'wide range, of abilitaes was insured by selecting sections at various
-

levels. , \“\J. A
> ’ o ~ .“: - N
o E . s .- . . - ) ‘ ° ..
The sgheme for analyzing the results was, insofar as possible, in accord-

, ance with the schemes proposed by Inhelder and Piaget.' This involved
LS . © N N . El
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. B % .,
"plac1ng chibdren in twe- subcategories A and B,. of’each of the two major

"categories of mental develonmfnt being cons1dered——concrete (II) and

formal (III). - ) “.i.
-, \ Ao s Lot .

The xnter—gudge reliabllities obtained from categories given 1ndependently:
'_"'by each of the two authors and expressed as product moment correlation co—- .

efficients (r) were: chemical tést r =0, 96 3E =-0. 006 and. pendulum test

L =-0. 92 SE = 0.011. - ; U | R
E '-f B ; ¢ a‘ | 5 sl
s e . o o . L L l . -." k—-A ‘
Findings s B o _ S o
s - The data were presented as frequency and percent of subJects responses

falling, 1nto two - levels each qf ithe concrete and formal dev lopmental

2 levels., Data from both problems clearly showed the dual trends of
'increase in percentage of formal thinkers with 1ncrease in chronological
age and’ the higher percentagé of formal thinkers 1n the upper stream at
the various grade levels. The degree to which the two problems prov1ded

the\same measure of developmental sublevel, expressed as a product moment

correlation coeff1c1ent was r.= 0% 56; S.E. = 0.05. L _ F?é
Interpretations _ B : ' o

. I
B}
4
P

& . . . L

N .
Acoording to the researchers the major conclusion which emerges from this

- S~

study :s the fact that it does seem poss1ble to translate into group form

_ administer and assess rapidly with considerable reliability Piagetian—
2 type problem indicators of development level Oof secondary 1mportance and'
| ; provided only as comments by the researchers, the results .suggest that (1)

the pendulum problem provided an eatlier 1nd1cation of . the onset of- formal.

thinPing than dld the chemical one, and (2) althOugh hav1ng carried out
 the pendulum experiment only two weeks before’ the testing reported here

in a teaching 51tuation, a substantial number of students from second

and third year classes of 1ntermediate abilit?’level gave-concrete opera—
-tional level answers to the problem This brings into 'question what is -,

achieved by the attempted teaching of content which, in develOpmental terms, )
g”is beyond the grasp of those performing the exercise. e : .

- s -
- - - .
4 . (AN
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- tasks are W1dely accepted, the validlty -6f this stqdy and .the 1mp11cati0ns

' ABSTRACTOR'S ANALYSIS

S ¢

The purpose and the procedures used in thls.inveStigatlon are razher unique.

This uniqueness: complicated the efforts of this abstractor to construct ‘an

expanded abstract for Investigations in Sc1ence Education, as per the.
suggested format. : ST e ' ‘ ot

_- . . . = . . . ,

The researchers identified a’ very practical problem and have attempted to °

provide a product or at least*a model of a product for practitioners of

" several® professiOns, teachers, . currlculum developers, currlculum planners,

etc. Ao

“ A
‘
E)

A}

There has certainly ‘been an attempt to base thlS study on the conclus1ons‘i
and writings of others, such as Piaget Inhelder, Shayer, Ingle and others.,
To-this abstractor s knowledge, ‘there have not been substantial efforts to
develOp group - measures of deve10pmental stages using manipulative equip—
ment and materials.~ Perhaps some of the recent’, studies of Robert Karplus

are directly app11cable to this needed Area of investigation. -
\

.
- e & N . . 1 o ' -
4 . . i . N | . .

,<_ .

Essentially, thlS stu . showed. that the tonproblems dealing with chemlcal
change and pendulums will result in ‘high school students' 'respending at
various levels of sophistication: -The researchers 1mp11ed that‘this is an
indication that the two ‘problems 1dent1£y an;indiv1dual's developmental
1eve1 . The validity of this inference is based on the fact that older B

students provided higher level reSponses. ‘Since 1ndiv1dually administered

© of th1s study would be greatly enhanced 1f there had been attempts made to

. compare the same ind1v1dua1 on group,and 1ndividual assessments. ' -

C %

‘ : o $ SRR
There is difficulty in generali21ng the results of thlS study to a large
population, as the sample was selected from-one South Australian hlgh '

, school and there ‘was not a detailed descr1ption of the sample prov1ded in

the report. ;Egr ‘example, the subJects were 1dent1fied as being "streamed"'”f

by ability, bu

B ¢ A

/there was.not any further explanation in thls.rggard.
The research design used cannot'be_easily.identified;wirh any deseribed
by Campbell and Stanley. The procedures bére really designed to validate.

‘ ‘a . - o | i&lu :.(‘..’- ‘f',- _' | . ,

:1.



- ' teacher .who may be faced w1th the enormous task of-matching cu

\

The authors,

— a procedure and the report . 1s.a descrlptlon of that effort.
' Rowell and Hoffman, reported on. a procedure that is somewhat]removed froﬁ/

the classical researdﬁfde31gns. The report itself could. have prov1ded a
more systematic expla‘at1on of the steps and clearly have shown whereJ '

om_a reader's standp01nt,.the dlfferent1atlon ‘of

inferences are made.,

- ' -
fact and 1nference is difficult to determlne. - While some conclu51ons may "

seem loglcal tney are in fact generalizatlons that are not- ev1dent at

. least from the 1nformatlon provlded by the authors in this report
" - . : v 5"

C , . -~ L 3
In a practical sense, the  authors have provided a ray of hope for a
{culum

' to stages of development. The prospect that an 1nd1v1dual's stage\ £

s

development possibly may be determlned in a group sett1ng is encouraglng.

[4

This study has approached the problem and could have: planted the seed - P

for more expansive and generallzable,studies.
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Renner, Johmr W.. and Anton E. Lawson. "Intellectual Development in Pre-
service Elementary School Teachers: An Evaluation.' Journal of
College Science Teaching, 5(2):89-92, 1975. '

-\ . Descriptors—-College Science; Curriculum Development; *Educa-
N tional Research; Higher Educatioh; Instruction; *Intellectual
Development° *Learning Theories° Science Education
Expanded abstract and analysis prepared especially for ISE hy Robert E.
Yager University of Iowa. : ) . i :
S - 4 ’
© <
Purpose

The Question investigated'was whether or not instruction (naterials and
procedures) can beVShown to promote formal reasoning abitity in students.

. The central hypothesis tested was that "concrete curriculum'materials"

and "inquiry—oriented}procedures" would promote gains in levels of 1ntelr"

lectual functioning. The study was designed to illustrate ghe effect of

"
a specific kind of schooling upon the acquisition of formal reasoning
abilities. . ' ’ )

- N 7 . . oo ) s ’
"  Rationale - ’ ' ' .

i

The study arises from Piagetian philosophy. In fact; a qupte from Piaget

is used as Support for the theme.

LR »
...education is not simply a contribution that would be super-

. imposed on ‘top of the results of an individual development
regulated-in some inborn way, or that is .accomplished by the °
family alone. From birth to the end of adolescence, education
is one whole, and is one of two fundamental necessary factors
for intellectual and moral formation, so much so he school
éarries a great responsibility regarding the final success or
failure of the individual dn pursuit of his own potential and
aaaptation to” social living.

L W

° 3

The authors regiew Trecent "evidence“°that suggests that 40-60 percent of

the u.s. a&ult population do not acquire abstract reasoning ability,

They cite some of. t eir own work at Purdue University which suggests that
__significant numbers ‘of* college students can operate only with concrete

ideas and materials. They suggest that this failure to acquire abstract
"reasoning ability may, result from the use of "inappropriate strategies '

and materials" -at the senipr high and collegiate levels. The authors

Q . N Lo . Y ) -
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advance the notion that concrete thlnkers can be coﬂfronted w1th concrete

problems and that "meaningful inquiries" can facilitate formal reasoning

ability in students. ' "_ . SR Y S : e,
- o cr. K ) 3 Ao

¢ 7 7:"‘ ? RN ’ T }-. t »
: . v . "- . . . -
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. “$-. Research Design and Procedure e,
R I ';,i‘.'- v . . ' - } r

~§Twenty students«were selected from 300 students enrolled 1n d biology
coursg for elementary teachers as é%e experimental gro?p. Seventeen other -
students were selected for. the control group. Pretests wexe® administered
to all students at the end of their freshman year. The tests were Piagetian

N tasks that ¢had been used in previous stu%ies concerning all 300 students

enrolled. The experimental group was enrolled in "the undergraduate Pre—
service

Teacher Education Program while the control- group was enrolled - iP
"a traditional physics’course for elementary school teachers." After ope

) A
. yedr, (two semesters of instruction) posttests con51st1ng of thé same battery

y 3 (R G
£ tasks were administered’ to both groups. E o &

. - .
-

After the pretests were administered, all‘subjects were categorized into
substages. of intellecthal'developnent. Thevsubstages included: l) early
concrete;tperational 2) middle concrete operational, 3) late concrete
‘operational, ‘4) post-concrete operational, 5) early formal operational,
‘6)'middLe formal operational, 7) late formél operational,

. The six Piagetian tasks used were' 1) conservation of‘We}ght 2) conserva-
tion of volume using clay, 3) conservation of volume using metal cylinders,
- 4) separation of variables, 5) exclusion of irrelevant variables," 6) equil-.
ibrium in the balance. Two "trained examiners" conducted the 30—minute

) - . intefvxews. The pretests were completed in,April of 1973 and the’ pesttes%; .

April of 1974, The interviewers h/gf;oﬁkngwledge of whether the subJects

examined were in t¥e control or exper#fmental groups. The scoring procedures

and testing terials were described in a previous publication, The tasks

¢ were given ézaeach subjectvin the same sequence,- "Level of subject
responses ‘was evaluated. on the basis of the difficulty of the task, the
quality of. the student' s verbal responses, and his ability to exhibit the

_ appropriate behaviors' i.e., to exhibit conservation reasoning, to control

-variables on the exclusion :and separation of variables tasks, and to demon-

strate understanding of proportional reasoning on the . equilibrium task "
\‘l(' - . . .. ) .
ERIC > . I
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Pretest and posttest /scores’for éacg/ﬂf the 37 subjects (26 in the exper-" - |
" imental and: 17 in the contrel) ﬁere(recorded(and anmalyzed, ’ o Y’ )
\,J b . .- . - ) . ) l‘”, *

Findings -
- . N ) - i : . . s .

) . . 2 N L . : .
The mean gain in substage levei was significantly greater for the experi-
mental group. The Mann-Whitney U Test bas used to test the differences,

In the case of the pretest mean 1evel there was no significant difference.

Neither were there significant differences £ the posttest mean levels.
o;;;;e experimental group is

~

- Hence, the significant mean gain in level f

the major finding of the study. _w;,' L 4 \ _ S
Seven of the 20 subjects in the experimental grdup gained two. substages -

and 10 gained one substage. Four.of the control group subjects showed a - -

'pre- to posttest gain of two. substages while one showed a gain of one sub-'

»

stage, Nine subjects (from both groups) showed no change -and three showed
<5 A . .
° a loss of one substage. .°* o : . ’34- - Af;

<

Since the meankpretest score- for the control group was high the possibility

of a _ceiling effect was checked by an analysis of covariance. The F—ratlo

{
(removing the’effects of the pretest) revealed no significant difference at. \
~ .the .05 level. g . - ;i L
- = . ' L R kN T . o ..

The evaluators were also compaf’ﬁr//There were no S1gnificant results

between evaluators on pretest scores,- pOSttest scores, or mean gain scores.

~ . * L - N

14
Intefpretation

*

Lo

, . - e .
Ihe_anthors feel that the results support the concept that the entire notion
of ﬁhat7constitUtes a worthwhile”education would changeiif the prinary goal

" of educators was to -be the production of persons who can think in the
abstract.' They recommend that content be viewed w1th respect to two ques-—
tions: 1) Does the content selected accurately portray the discipline°
Is the content representative of the disc1p1ine7 2) will a particular
segment . of content be useful in assisting an adolescent or- young adult in

using formal reasoning.abilitiesZ' There would therefore be a new basis for

-~
-
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. selecting content. The authors also argue that thel results suggest the
need for greater involveément of students with the materials of the disci-

pline. They argue further that the resuits substantlate Piaget s long-

3

- standing axiom that "'social transmi331on is an 1mportant and extremely
necessary component of learning and movement’ toward the acquisition of
- @ ’ L. . :

formal thought.”" - . -

o

Vi

~

ABSTRATOR'S ANALYSIS

L3

It must be kept in mind that this research report has appeared in a publi-
cation that is not addressed to the researcher, Hence, many of the criti-
© cisms may be explained by noting the intended reader of the article,
Nonetheless,'some of the generalizations and some of the problems wii? the
design should be considered Erroneous conclusions can often result from
over generalizations and unanswered questions concerning design. Perhaps
‘there would be fewer generalizations and more information available in a

4

research report prepared primarily for active researchers, However, one

has only the brief manuscript-for purposes of critical analysis. - p

-Researchers need to exercise more care in categorizing students (and people
.in‘general) as to their level of intellectual development, Certainly there‘
is some arbitrary definition with respect to the seven substages descrzbed
However, one needs to realize that the categorization may refer to one or
more tasks. Much valuable informatloh may be_lost when the researcher uses
a total score from a varlety of tasks., Further, some erroneous conclusions
may result. The ‘researchers could (and perhaps should) report the effects
of tHe experimental design uatg each task rather than blend t¥e results
together for a single total score, The rlesearchers are to be commended for
the use of the individual interview and for the careful comparison of ’j
evaluator performance. - ~ , o s
ATRelating the study to curriéula, teacher educators, and the growing infor-
mation from Piagetian Studies is a~commendab1e feature. Certa1nly the ‘
attention given ‘to such research in both curriculum design and teaching
methodology suggests the importance of the study.< Its appearance in a journal -
for the non-researcher suggests its interest and impeortance as well,
. ¥ . | |
. ’ -19 7 ) ‘ -
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In view of the major problem with duplicating such experiments at other,
'centers, more information concernlng the. exact protocols would be belpftl.
‘The researchers can- be excused for their omission in-view of the publica-
tion and the audience. owever, much more precisién in terms of describing

specific experimental-pr edures is necessary before the experiment -could -

be repeated independentL ~ The résearchers.alse assume that the tasks do - -

measure the_hehaviors and/or the leyels as described by Piaget. The

literature‘continues_to_suggest research problems and unanswered questions .
-U b -

in these areas. : ' . o o : .

E

4

Some questions .concerning. the use of parametric statistics instead of non=-

parametrics can be raised. Again, the careful researcher is anxious to be

ablé to meet all conditions for procedures chosen.

Finally, the researchers use many-terms and’ phrases as 1f they-have univer-

)
sally accepted definitioths, Perhaps more precision in writing is even more.

_important for the practitioner than for the researcher. At least the
researc’er is likely to' request more adequate infomation before accepting
results and interpretation than is the practitioner._ Some examples of this
éoncern are: What is an "inquiry approach?" How ddes one recognize "cons,
.crete curriculum materials?” What characterizes & "1aboratory7"' Are all
so-called laboratories places where inquiry occurs° * What is "teaching -
. through inquiry’" What characterizes an "integrated science experience”"

What,makes an examiner "trained?"

'Some questions are railsed by reference to. instructors "providing exper—
,iences ‘and students "taking" courses. There seems to be some internal

inconsistency concerning philosophy of the researchezs, (or 1nstructors)

°

and the descriptions used—at least those other than thegspecial terms

v

that are not adequately defined.

-

The researchers fail to establish that the experimental and control groups

are identical. Werdfall 300 students in the freshman group° How d1d spme

get into Biology 205? Were some taken out of the class and enrolled in
physics? How does enrollment in the undergraduate Preservice Teacher Edu-

cation Program (the experimental group) differ from enrollment in 3

¢

N 20 23.5' v i
Lo [ . Ly
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freé/pf possible criticism concerning the choice of statistics and/or being



f'tredd{;;;;i.phvsics course for elemehtary school teachers? Were the_
students in the experlmental group selected for that cqurse randomly )
Were the 17 in fhe control group also selected randomly’ More descrlp:!)
tion of the cpurses and the strategies would be desirable. Was the
physics group (control) self—selected°

The article is basically a very good report. It is’clearly written and

one that is a contribution ‘to the field. It represents well the state of

»

research in the area of Piagetianwtype studies. There are unanswered ques-—

tions, some preéblems of design and 1nterpretation, some disagreement.-.But7

*
that is why it is so important and so valuable as an area of study. -

Reports such as this one are badly needed..'Too often Pilagetian studies
" merely verify what has been done or report differences from study to study
or culture to culture. This artiede is a fine attepmpt to use the' informa-

tion to affect‘programs. Much‘more’research and effort is now neededto

bring exciting research information to the position of making a difference |

in education. The authors end w1th a timely charge. the time has come
for college and university to examine critically what they are teaching
in individual courses, .why it is taught, and how it is Being taught. This

reviewer applauds the charge and this research effort'

7 . ' -
- ra -
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‘Y a linn, M. C., and H. C. ThieT. "The Effect of Experiential Science on
» Development of Logical Thinking in Childrxen.! Journal of ResSearch
in *Science Teaching, 12:49-62, -1975. & - iy - o

' Descrlptors—-“Currlculum Evaluation;\glementary Education; . .
*Elementary Schaol Science; Learning Theories; #*Logical Think- .
ing, Science Educatlon' Sclence Course Improvement Project '@??

~.

Szabo, Pennsylvania State University.
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Expanded Abstract and Analyszs Prepared Especially for I. S E by Michael “26“

Linn and Thierb(1975) conducted an ex post ﬁzcto study (Kerlmger, 1964)
'——<=-eee~assess the effect of selected units from SCIS -on the development of
> logical thinking in flfth grade children. ‘

-
-

B .
- . \

 Reséarch Design and Procedure . -+ - :
- — , ~ . , ,

The design chosen.was bas1ca11y a nonrandomized posttest—only controL '&ia o

.group design. The major independent variable was the study of at lea“‘

the Energylsoﬁrces it from the SCIS program. The criterion'variable.ﬁﬁggéﬁt

was mean score on s' ability to explain in writing selected phenomena
(1nclined planes) - dealing with~compensat1ng variables that were. presented

-

to the students durlng the experiment.

The Ss were enrolled in intact classrooms of flfth .and eighth grade
' students’ the fifth grade students either had or had not completed\Energy
Sources but the eighth graders had not.' In the experimental task*Ss -
were shown film- clips of the motion of a cart on an inclined plane under :
different (compensating) conditions of starting height and surface fric—_
tion. The main- criterion variable was assessed through written free'
response to a question designed to e11c1t an explanatlon of the phenonenon
which wad observed. - : A | ' ~ . , /
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- '. xeviewer must classxfy this -study as

f ) science instruction.~ . S
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Findings R L , ) . )
' . T - ‘ N

It was concluded that SpIS Students understand compensating variables '
better than did non—SCIS students in urban fringe, suburban,'and rural

!

areas of the country.

- ) . . . -
c’?"‘ > . . ' . - . v

_ Interpretations

The study also rev1ewed logical thought according to. Piaget and, the
rationale for the use ‘of SCIS 1n developing and studying formal thought.

Mbre specifically, it was argued that understandlng dompensations 1nvolv-:

- ing two known variables is ‘an. indication that the student has reached the
' end. of the!concrete stage and ready to begin the formal stage of develop—

’

-~ ment,-

z-- T . A 3 ABSTRACTOR'S ANALYSIS
S . )

eriment and experimeﬁter the 7

' . N A

Although the authors used the words
post f&cta or correlational in
naturea " The latter form of research: s by o means unimportant for the
bqu of 'much useful * research (e g., research linking smoking and forms .
of “cancer in human beings) is by and large correlatlonal Correlational
research however does a¥ow for certain errors of 1nterpretation

this reviewer will attempt to)identify some of those potential errdgz?

-
[ . P}
A

.-. The researchers should be commended for their study relating theory and
curriculum development using large samples from varying types of school
‘districts ‘(suburban, .urban fringe, and rural) and madb states. ' The

study provides a good example of a nationwide data collection and analy-

sis effort conducted at a distance and in an- unobtru51ve manner. However,

_\\\\z;fe alternatlve plaus;ble hypotheses (threats to internal validity of -

e design) are present in the study, 1t is hoped that their examination

ro will serve to further the cause of. experimental research on effects of

-., . -' - - . . "
. e . . -

- L - '



_.em'?ost f&cu? research, trongly suggest the .phenomenon that’ whenever -
_training and degreé of implementatlo has been firmly established in the ,
‘literature (e.g., Ashley and Butts, 1911 Crowther\\1972) ‘Self- | ' I

" school personnel . A s1gnif1cant altérnative plau31ble hypothe51s is

'criterion is severely questioned. It also calls in to question the
‘researchers' assertion "...it folli?;qthat experimental teachers were
(

A further problem common to curriculum studies deals&w1th implementation. -

- [N

The key problem is that, as much as we would like to, we are unable to
draw the causal inference fr0m this study that selected SCIS experiences
cause understandlng of compensating variables or loglcal thinking in the

population. Self- and other selection processes, potentially present in

<

1nnovat10ns such as nation?l sc1ence curricula are adopted Zetter

teachers are’ selected ( ndtrained) better students a&e chos , and

N

extensive materials are purchaSed One pight 1nfer;that most curricula .

‘would succeed" undEr such conditions. For example; implementation of

SCIS programs is usually accompanied by some vendor - training'or in some ™ : o

other cases, training by science ‘educators. The limk between inservice

R

.selection and concomitant associates such as inseryice training are seen

.as one source of differential selection bias in thlS study. Another,

sourze is the selection -of subJects, who were presumably 1dent1f1ed hy ) |

that improved performance in the .sample is an artifact of differences ' 2?\
~

between.thelﬁkeatment groups which are,unrelated to the treatment. 5 Vi

It can be argued that students with more articulate writtem‘skills will

.outperform students with less articulate skills on .a written explanation.

Indeed general abillty is posed by the researchers to explain observed

7sex differences (p. 9). One might s1milarly attribute higher mean N

scores of the SCIS ifth graders to superior general ability of "bettef"

students selected for . No dndication is given that general ability

/
‘was measured or controlled to test this alternative hypothes1s. To the

extent that the above argument is valid the causal nature ‘of SCIS on the

¢
B
generally'effective ;?‘téaching;"jr-p'159)° [4 L g

While manx studies rely on reported use as the measure of implementation

.(Persall, l972), suéh reports may reflect only an attitude of acceptance B
-rather than the possession of necessary knowledge and skills Fullan

. d\fszret.(1977) reviewed studxes that suggest a positive relation

24 .
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between aeoree of 1mp1ementatron and achievement scores.' They observe
that ‘without teacher 1mp1ementat10n behavior changes, stude%k process.
outcomes w111 probably not occur. The degree of 1mplementatlon of

Energy -Sources in this stugy’seems to be an' unknown quantity. .
. . . v
k4

The reviewer is open to- an apparently valid criticism for using subse—
‘quent research in analy21no the ear11er work of Linn and Thier. The
only defense pleaded ‘s that the reviewer's goal is to improve research

skills whlch enable us to acquire va11d knowledge; it is not to criti-

RN - . ot e

cize. R _ S

Reconmndatlms 5 , | / o /'"
. . : : : Ay

-~

. In light of the\above arguments, it would seem that a series }fxexperi-

mental studies W1th certa1n characteristlcs would better test the causal

' trainlng is hlghly unllkely to accelerate P1aget1an stages

relation between curricula ane formal thinking. ‘First, the, rationale 3
between process or formal thought skills targeted in the curricula and -
those reflectlve of the acqulsltion.of formal thOught should ‘be clearly ‘_‘ ~\
established. Next, a design should be constructed‘in Wthh students and | =
teachers are randomly assigned to treatment or control Wlth varlatlons_ '
in generai ability and sex.carefully controlled : PP | (r - :

R . 7 - - - ' o’ )
Perhaps the better tesi of the cr1ter10n is one which takes place in a
"white noise' environment where many (or some) other variables ‘are in L
Operation,'raéher than in a controlled'environment where two variables ‘

are purposely hig?lighted while others are systematically eliminated.
. .. 1 - . . ) . ,.“":.-. \ .t
€ “ o

The research (e g. Smedslund, 1961 Flavell 1963) strongl Fggestslthat‘;”, N

development .

‘ ,unless the. student is’ trans1tional zhd in a state of d1sequ111br1um. From . o

ﬁnléss'sﬁch expe§§§:ntal research is conducted we: will have to wait for

this,.one migh hypothe31ze that developmental galns will occur from

instructlo terms of the percentages of students who are trans1t10na1
prior to instructlon.'_‘ v 3 B . T 7 : ¢.
) T . . . R . N . -/ . . ‘ . )

Y - .
A IR L . T .t
A - - - ~ -
g ] . - .
-

LI,

massive amounts of orrelational data for a true p1cture oﬁ the relatlon ﬁ 33
-0 ) . . B : '

R S : 47 A . . B
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between curricular practices “and progression thIOugh developmental

Y

.stages. : - . Y - . . - \
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~ Research Design and Procedure ' S _ ' o h

Quinn, Mary Ellen and Kenneth D. George., '"Téaching Hypothesis Forma~ - .
tion." Science Education, 59(3):289-296, 1975, g

Descriptors-*Educational Researchy *Elementary Educationg
*Elementary School- Science; Elementary School Students' *Film—

strips; Grade 6; *Instruction;. Sc1ence Educatio .
Expanded abstract and ana1y31s prepared especially for I.S.E. by David R.
V Stevenson, mruro ‘Nova' Scot:a o -
f-.ﬂ 4 o ’ ‘-»ﬁ'-
" Purpose R
- . \ -‘4 o N .
P | . . - 0

<

Quinn and'George evaluated the effectivenessnof teaching hypothesls forma— |

tion ‘to grade school" children. They were interested _in the usefulness of

. the method employed, .the measurability of hypothe31s quallty, and if qual—"

ity differences were discernible among.groups isolatea for analysis. -

. : v
' o . . * o .
o . . - ) R Z
. ) » . - . . -
e : " : .

"- Rationale = - . S _ ' : : ’

The investigation is considered an exten31on of work by Atkin (1958)

1s likewise done 1n a classroom setting. h,' -'_ S :
. . R - . - ' ®. *

¢ L e . L . RS

- ’ . - T T e L .

- . o A - . .
BN ) . h ) . - Ny .

Quinn and-Qeorge devel ped an Hypothesis Quality Scale (HQS) from which to .
judge student hypotheses. The meaning of'"pr.cise" was also'clarified ‘
through a set of statements. called "Princlalgi of Precision" (PP); the BP

' was used to support the HQS Reliability of the HQS was verified by hav-
ing tqiee science educators Judge 50 hypotheses (0 94 agreément). )

'_:The study has a"treatment-nontreatment format. A total of 176 sixth grade -

sgudents from four intact classrooms, two from each of two Catholic schools
of d1ffering socioeconomic levels were subJects~ One class from each

school was in each of the treatment and nontreatment groups, for a total

»

of 88 subjects in- each. - . - BN

v -

5 -

) N PR
- .

- .
Cw

CAll subjects completed the Otis Test of" Mental Maturity prior to treatment

’ Ihe results served as a covariable in an analysis of covarlance that was

s



. KR

A

B

'part of the Campbell nd Stanley Des1gn Twelve procedure - All subjects

wrdte hypotheses o test fllms before and after 1nstructlon was given to

the'treatment group. . Mean Scores for hypotheses produced (scored agalnst

tha HQS) were’ subJected to. analysis" for signiflcance. L.

-~

“';Treatment consisted=of a se es/of eighteen 40-m1nute sessions: f11m loop

showing (two sessions) foll wed by dlscus51on (one ses51onD 1n ‘rotation.

'The loops were pr uced by the Inquiry Development Program in Phy31ca1

Science. Each shOW1ng was followed by discussion, questioning, reshowlng,“_;

and hypothe31s writing“ Hyggtheses were scored for subjects according to

the HQS Ihe separate d1scu531on se331ons were aimed at improving hypo-
- _

thesis formation. - : ‘ S S _
Before_treatment'subjectsihad been:divided into“groups: '

N .
. » . e

TREATMENT = - ' NONTR.EATI'ENT L

. : } 8N
(1) Socio I  (2) Socio_II (3) Socio I K (4) Socio i1
Subjléts in each of groups one to four were further divided for analysiS°.
- S high and ié\slntelligence, - ‘. S
" " ,b. high and.low/grade point average, o _
e, high and low reading ability, 4nd g_-_ P
:'fd..:. 'sex.' o . ._" ) '..‘._.-\ _..'.‘ °i:-"‘_.. o . L

'1 o . <. -
. o

f . Thus elght cells ﬁ%re available for each of four;analyses of covarlance.

Interactlons of treatment, socloeconomic 1evel and each of the varlableg s

above ‘were con31dered

Quinn and George made the follow1ng f1nd1ng5°
1. treatment was effective at the .001 level of significance~

2. no signlficance was attached to socioeconomic status; for the

subgroups significant differences were found in the ablllty to

" form. hypotheses- X ’

-3, between levels of inielligence ( 02 level)

- wi

4. based on grade point average levels (. 001 level) "f:

Findings . o '. ' . ‘_' A R S N
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5. between groups by reading ability (.01); and;~

6. based on sex (.02).

L

.vestigators concluded from their findingS'that hypothesis formation
’- ght under the conditions in the study, that the method used can
s€ful ,. including the use of the particular film loops with sixth

e children- that quality of hypotheses can be measured using the HQS:

' that equal instruction allows children of. differing socioeconomic levels

to successfully learn hypothesizing, and, that the ability to hypothesize )

is correlated with 1nte111gence grade point average, reading ability and

. sex of children.

- ABSTRACTOR'S ANALYSIS, 7 . -

. e B .. . L .
’ : . -

; | . : > _. ‘. > / o ’ . .l . . . : . >°
The study is a straight-forward investigation that fits within the‘well—‘
used ﬁhilosophica%.statement by Bruner about teaching people when they

e ready to; learn. But there is. nothing profound either in the pr0cedure f”

e used or in the outcome. Rather, Quinn and ‘George carried out a reasonable

teaching assignment and obtained results they expected" What we do not
know is whether or not students reached a level of mastery and “have
retained the skill, or if. the stuaents could generalize to tdpics other
than science. Perhaps, however, such thoughts elevate the. 1mportance of
‘ . beyond that.intended By the investigators. - o anE

» . i

%

about teaching procedures.. Indeed it -is- possihle to find support for'
almost any reasonable position a reviewer may. wish to take - However,
blinders are necessary if one wishes to claim support for one position
only. Quinn and Géorge do not make such a- claim- rather they state '
simply that the study supports the claim that the method works,

Many studies that are reported in science educatiOn journals have nagging

minor deficien either as a, result of reporting weaknesses or of
: . - + " ~ . . "‘- E ’
SR S 29 S
R 1 TR
’ N '_ o L '.-. ¢ - b 4_ . k . . . “ . i . . B B

e



[ e
features of the studies thgqmselves. The study here under rev1ew is no v .

Py

. ...
¢

exception.'/Follow1ng are some concerns. o ’ o

\

It would be helpful to know the circumstances under which the three science

' educators undertood the1r vaIidation\of the HQS and who the persons were,

7
Often the captive talents of. graduate students are pressed £ service and*
instructions are so carefully given that expected results are obtained o “Q

.

The report level of interJudge agreement suﬁﬁests no difficulty in this case.

-

Use of intact classes for research purposes, while a.convenience _leaves

[

4 questions unanswered. How were ‘these particular. classes in these particu—
T - - lar schools chosen and why° Would different results be obtained from ~-
_different classes° The study may not have been affected by the use of
other classes, but we are not able o Judge the range o{qintelligence ‘read- ,
ing ability and achievement and achievement in the sample. Even so, a-
reviewer would be on the wgong track to overdo criticism of the points in ;

-this study, for the oukgome is redsonable and expected , .
. ) N

— , . : ; o . . _ N
o , , ;o , .

-

That the film looos were useful and aided in the instruction was -shown by

. the'Study. Availability of the loops ta nyst s1xth grade teachers seems

'unlikely.' In that event, the teacher woild be. left w1th the discussion .

' sess10ns and.possibly with much less-hotivation than that available to'f"'

'«f investigators. The reviewer must wozier how much farther we. are aheaé~—g 4. ff
udyo o N i n'

LS

in a practical sense as a result of the

A

'The levels of intelligence, grade point avérage, readlng abiiity -and sex

- receive no comment other than in the summary of findings. -Is it not likely
- that the differences in . hypothesis formation would be found’ It seems evi-
. dent that intelligence, grade.p01nt average and reading ability are intex—

related and -may be measures of Similar, if not the same, . variables. Qnthe.
;other hand the difference in sex of sub;ects opens a’ question of maturity

_that could be naturally reflected in the results regardless of treatmeht

Ty
[

[It would be interesting to ‘have the.qnestion .of differences in mental .

’ ‘manipulation by students explored on this pOint alone.
o Quinn and George reported here thatwequal instruction was given to each .-
"_’ socioeconomic group. This is a difficult point td prove. ‘Which group ‘

first received instruction’ Did that group have a adv?ntage or
\) d ' : . ﬁ J . . .
l | . 30 €Yy ’ o . . - P i . e
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A

disadvantage ¢om...u
more or. less. from equal" 1nstruct10n compared to a class of 38 students?

d {o’fhe cher7 Does///class of 50 students benefit
At best, we may. - conclude that the two rankings by socioeconomic status were

instructed SO - that no s1gn1ficant ifference was found in hypothesis form-

The‘sample for this study was Qot,ﬂ.large~one;\giVen the subgroups required

for analys1s._ Should one try to draw concluslons from cells of fewer than
20 subjects"_Magy reported studies share the disadvantage of small samples

or parts thereof subjected to high level analysis. Quinn and George seem.

in the same position here. ,175 -
. e “

s
. Il . ‘.

_ . e 4 _
Even though the deficiencies exist, it may be concluded.that the results
are reasonable aﬂdwthe procedure fair. The outcome is not likely to affect
‘science education to any extent But may ‘assist other investigators who

propose ‘to explore instruct&onal procedures in classroom settingsa Con

- -
. . - . . e
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| Butzow, “John W. and Alan Davis. "The bevelopment of a Seman;éﬁ,néfferen-
' tial of Teachers' Attitudes Toward Teaching Elementary ool Science."

Science Education, 59(2):211-220, 1975.
* Descriptors--Elementary Education' *Elementary School Science-
Educational Research; Inservice Teacher Education; *Measurement
Instruments; Science EducatiOn- *Teacher Attitudes; Teacher -

Behavior. - .
~

Expanded abstract and analysis prepared especially for I.S.E. by Ann C
Howe, Syracuse University. i

L

Purpose ° _ o e -

va

The purpose of this study was to develop and test an instrument for pre-

-\\:z§ting teachers' relative -levels of success in using a student-centered
bpposed to a teacher-centered elementary sciénce. curriculum, A

.. . -Ratiomale - .. .- _ 7
) 4:’ \ ] N .
This work rests Sh the assumption that a teacher's level of success in

lusin a particular'set of curriculum materials may'he predicted by deterA‘
mining whether the teacher has\positive~attitudes toward the behaviors ‘
which the develOpers of the curriculum consider desirable or nece

In this case the indicator. for level of success was the degree ofh

_ "student-centeredness" achieved by a teacher.

®

The reasons for choosing the semantic'differential e not explicitly
- stated but there is ample preceden for using this. techniquetto measure
+attitude. A number of previous studies are cited.

[N

3
»

? 4

Research Design andfProcedure . N

- e

. A semantic differential consists of a .set’ of cOncepts, each followed by

" the same set of" polar adjective pairs arranged at- opposite ends of a scale..
o The concepts may be thought of. as’ stimuli to ‘which the subJects respond by

- -
: [

37 LT ., 4
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. .. . ) '

rating each concept on each scale, ii:éhis study three initial.concepts
related to teaching were rated on 46 adjective pairs by 104collegestudents
enrolled in an elementary methods course. From factor analysis of these
data four major factors (valuing, enJoying, striving, and difficulty)
emerged AdJective pairs representing these. factors were used as scales. ]
._for the final instrument . The initial concépts were discarded and a new

v 'fset of concepts chosen by searching the writings of persons who' had been
active in the development of ESS. The final instrument, c3lled Semantic
Differential Test of Teacher Attitudes (SDTTA), conefined 21 concepts and
four scales. , . ‘

The ability of the instrument to predict behavior was testedbyuadministering

-

it to 29 elementary teachers who had recently completed an inservice course . :
and were ready to begin implementing S. Several -months later afterimple- N
uentation was/underway, the teachers were videotaped while” teaching science -
in -their classrooms. The v1deotapes were analyzed using the Science Curric- i
. ulum Assessment System TeacKer (Matthews and Philips, 1968) an instrument
which yields scores on a Teacher Directed Index. A _low score on this index
indicates behaviors .congruent with)}he expectations‘\f the developers-of ESS.
In orde% to’ determine whether the attitudes, as measured by the SDTTA were
correlated with the observed behaviors as measured by the Teacher Directedv
Index \the scores on the Jwo instruments were compared The set of scores -
above the median on the Teacher Directed Index were labeled Teacher Directed L
.Group, and scores -’ below the median were f<be1ed Student Directed Group. '
Scores for the first three scales (omitting the adJective pairs representing
"difficulty") for each concept of the SDTTA were also split at the median. "
Frequencies of scores thus obtained were, presumablv, engered into a'2x2

: contingency table from which Chi square values were calculated Six con-

yielded a chi square value significant at the 0.1 1eve1 R . -

a

Finally, -the concepts of the SDTTA which were found to give a significant
Chi square value (above) were used to calculate a D-square value for each
'?participant. D—square represents a "peasure of dissimilarity of-partici-
' @’pant from the average scale scores on the Student Difeected Group "
- Participants were rank ordered on the basis of D-square values and on the
' basis of Teacher Directed Index scores. A Spearman Rank Correlation co-

efficient of 0.79 was ‘obtained from.these data.

»

Q ‘ :‘ -l “?j' K Co .'36y
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. 1tems.of the two subgroups, the data used tofcalculnte chi square, or

— . ) . .
- " “ . . 14

Findings .= . - _ | o

-

It is somewhat disconcerting to. find that the data of greatest 1nterest

are not reported One looks in vain for average scores- on ‘the SDTTA

~.the chi square value obtained )

.

The principal findings were the following: . \:, _ f-{

1. oOf the 21 concepts on the SDITA there were sixnwhich discriminated
at tke 0.1 level and on’ at least one scale, between teachers whose
behaviors were Judged to be student directed ‘and those whose behaviors
were judged to be .teacher directed - The six. étncepts and the scales

were: ‘o

\
A. ?or me, allowing children to mess around with water is... .

+

(Powerful/Powerless) L
Y & . v - v ! 1.

* B. - For me, keeping 1ive ants and animals in the classroom for use
in experiments is... (Important/Unimportant- Powerful/Powerless) A

I -

C. For me, being able to correctly answer student questions in science

is... (Enjoyablé?UnenJoyable)

D. For me,'allowing children to worh in groups to discuss their ~’¢_' fﬁ
different points of view;a"ﬂ findings is...(Enjoyable/UnenJoyable)

E. .For me, teaching‘science 1s..g (EnJoyable/UnenjoyableT/ B
' F. 'For me; haviig a strong-background in conceptual and factual -

science is... (EnJoyable/Unenjoyable) _
. L 4

On the first concept the Student Directed Group gave a 1eSs positive

rating than the Teacher Directed Group on potency, that is, the

Student Directed Group ratedfihe concept’ as less powerfuI.. On the

[

other five concepts the Student Directed Group gave more- positive

ratings. "’ ...

5: X ° A "l

2, Tﬂe«correlation between scores on these six concepts (above) and

SQores on the Teacher Directed Index, using the Spearman Rank Corre—
1ation method was statistlcally significant at the Ol level
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| -situation means or signifies to him or her and that atttsuge is an impor-

. . . » . . . .

Interpretations - . _ o : o

13

. FQ . : . S -
The investigators interpret: these results as showing that they have
developed an instrument which may ‘be used to predict the degree of teacher '

directed activity or, conversely, the degree of student-centeredness in a

given teacher's classroom. ‘4_’_ . o
. 'ABSTRACTOR'S ANALYSIS .. -, =~ .
The semantic differential technique was developed by Osgood Suci and o

Tannenbaum (1957) as a method of measuring the meaning-which people attach

‘to concepts. Every congept is thought of as hav1ng a semantic space which--
may be explored by means of this technique. One of the. dimensions of this

" semantic space is attitude, defined as an inferred state of an brganism B
which gives it a -predisposition to make an evaluative response to a given
stimulus.. Attitudes have ‘direction, and intensity, they are sometimes . <
referred to as tendenc-es of approach or. avoidance. Most s0c1al scientists

agree that the Way a person behaves in a sitqation depends upon what the -

tant factor in any.social activity, of which teaching_may be taken as an 2

,example. -In ternng£.thé semantic d1fferent1al attitude toward a concept‘

-

is defined~as the progection of the meaning ascribed to a concept onto the

evaluative dimension of the: space. ~ . ; o A

Another way to say this is that a person' s behavior depends to a great A
‘ extent on his or her attitude- if . we could@measure attitude then we could ‘

to gome extent, predict behavior. This is what the investlgators have .
tried to do~ they have sought to find a way to measure attitudé in order

- to predict behav1or.» For this purpose they coustructed and tested a

B semantic differential

e

-

Seen in final form, a semantlc differentlal is a deceptively 81mple 1nstru- o
mernt which belies the care- uith which. the cdncepts and scales must be "

chosen and'tested The procedure described by Osgood.gt_al. starts with ) ':,
the selectlon of preliminary c0ncepts and polar adgective pairs. The . .
latter are adjectives which have opposite meanings' for example, good/bad--‘ ;

hot fcold; clean/dirty.: The con:§¥ts and adjectlve pairs are submitted to\ . .

.-
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" an approprlatewgroup who rate each,concept on each ad3ect1ve pair, us1ng

a. scale whlcﬁggﬁstomarlly gOes from 1 to 7, The adJectlve pairs are then

- submltted to factor analysms and if - they have been well chosen, three

domlnant factors become apparent In most cases these cap be deflned as

_ evaluatlon, potency, *and act1v1ty.» ?wo or three ad3ect1v° pairs are then

chosen to represent each factor And these form the scales of the final -
instrument The preliminary contepts are then replaced by a new set of
concepts to be rated on the final set of scales. When the semantlc‘ ’
differentlal is to be used to measure attitudes, only the evaluatlon factor
is represented by the ad3ect1ve panrs s1nce§htt1tude-1s thought to be most
closely related to this factot. » '

.’ E ,.); . " | /-'
°The developers of the 1nstrument presented in this art1cle followed these
proZedures in many respects but departed from them in other ways for
reasons whlch are not explalned We are not told, for ‘example, why all _
" four factors were reta;ned in selecting represent t1ve-scales, rather than
only the evaluatlon factor whlch -is the one asso 1ated with att1tude.; And
if all four factors were to be’ reta1ned it would have been the usual
practice to selett two or three adjective palrs to. represent each factor
.rather than only one for each. factor, A minor point which is puzzllng .
nevertheless is why five rather than seven points were used on the. scales

The authors’ could probably supply reaSOnable explanatlons for each of

':these departures from the orlginal method- often tr1v1al and not so-trivial

_;questlons are left unanswered due to ‘space limltatlons or other good Teasons.

A descrlptlon of the development of a test is more useful to others, however,

.

if such departures from accepted procedure are noted and explalned

Ny ~ ;‘ o 71 ‘,,,_, N ¥.
Mbre important than any of thé’above cOns1derat10ns 1s the questlon of ‘ m{
whether the SDTTA serves. the purpose for whlch it was 1ntended At th1s o
point a d1gress1on seems in order to commend the- authors for, carrylng the

development of the 1nstrument beyond the initial stage. Too often we are

‘a

offered "instruments which have been de51gned with some care but are pre-

>

‘sented prematurely and left for others to valldate (or 1gnore) e

v

-Several serious .questions must be raised about the usefulness~of phe SDTTA

“in its present form. ¢fhe- first of these conterns the small number of items

-for which a cerﬁflation could be shown, even at the marginal (0 1) levelof

*
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significance, between ‘the predlcted behav1oraand the observed behavior. ”
Since 21 concepts and three scales were used in the analys1s the tOtal
numrber of items, as-items are defaned 1n OSgood et al. (1957' P.. 80) ls
63. Seven of these were- found to be s1gn1f1cant1y correiﬂ}ed with

(observed behavior but one of these was. in the direction ogp051te to that

predicted. That leaves six items of tﬁe 63, which could be used to

<

,4

fﬁs ~upredict behavior. _5- S - =

N
- 7" . Another question might be asked about the reiiability of the scores.
Do we know that a teacher would give the same . ratings to the concepts on .

.-a second administrat10n9 Or, to put it another way, is there evidence

o

that the attitudes are stable over time7, L .
‘- e I . ' o IR VL - _

A th1rd question concerns the meaning and’ use of the D~square values._,l.
This is a nmrky area which carefil- reading of’ the text ‘and reference to

Osgood et a]. have failed to clarify. It 1s not clear to the’ reader who o

is'not an expert how the D-square values were obtained and what.they mean, o0

Were all six’ concepts, 1nc1ud1ng the one which showed an att1tude in the '
“wrong" direction, used 1n the calculation° Were dlSSlmllarltleS from
" the average score measured without regard;to d1rection’v Without more ;?i
| ii'ex@!anation At is difficult to. evaluate the s1gn1ficanee of the correla-w '
e , tion coefficient.; Thls may be a quegtion,for which the-authors “have . a f'
;f-‘}ﬁ ready and conv1ncing answer but many'readers 1 need more details or :
o ~a reference in order ‘to understand the basis and use of this procedure.:

. . .
RS T 1 . /AT

Y

'As it stands;lthe'%PTIA does'not _seem to be quite'ready'for'use in'making
serious .preddctions of a teacher's level of -success in 1mplementing an_,
activity-centered elementary science curriculum s1nce only about one—tenth
of the items have been shownfto be useful in predicting ‘teacher behav1ors. "
This As a promis1ng beginning for an rnstrument which might find many . uses_

inrboth preserv1ce and serv1ce teacher educatlon, but more needs to be

done ‘to mAke it a reliable and usable tool for research and tr.
;o o
£
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. .The majo:'pugﬁbses of“theSe_two'articlesiwerejtosff;

1
- v

Maddock M. N, "The Attitude of Papua New Guineans Towards Investigation,
Control and Manipulation ‘of Natural Phenomena s The Australian Science
Teachers Journal, 21(1):86-92, 1975, ~. .

Déscriptors--*Attitudes; *Cultural Difference5° Developlng Nations'
- Educational Research; Educationally Disadvantaged- ﬂPhysical S

Env1ronment~<*Science Education° *Sc1entific Attitudes"

Maddock M.N. "I Culture. Gap-—What is Formal School;ng with - its Science
Education Component Doing to Papua New Guinea Society." -The Australian
Science Teachers Journal, 21(1):93-97, 1975. :

3;/ Descriptors——*Cultural D1fferences~ Developlng Nations' Educa—’.r%“ .
“tional Research;. *Educationally Disadvantaged° *Science Education,
Scientific Attitudes°'*Soc1al Attitudes--*Stereotypes~'SeCOndary
Education ' , . .

LIRS ’ - I

Expanded abstract and analysis prepared especially for I.S.E. by Hans 6,1_1i'}
' Andersen, @Andiana ‘University, Bloomington, Indiana and John R. Staver ' :
DePaul University, Chicago Illin01s : S :

PR S v P ' . . L e » . .

tfI_ZIj”Report on’ the dévelopnent in . four languages (Englisﬁ ?idgin
"f Hiri-Mbtu and Enga) of an.attitude scale naéEd "The Environ- -

-;}ff;_;f'ﬁ;mental Phenomena Attitude Scale.“ V

g

N

'"Z; Determine if scores on the’ scale can be attributed to the educa— __"‘
- tional level region of origin,. life style (urban or rural)- or =

. seX: of the study sample.- C e

3; _Determine“if there is a significant dif ference between the méan:i.
scores obtained by students on“the'En%ironmental Phenomena.Atti;.'
'tude Scale, and the ‘mean of the score predicted by the student

e

'],for'uneducated people. f .‘_~.. 'j«

.

R - 2m :

R Determine if there is a 81gnificant difference between the mean
scores predicted by the students for minimally educated subJects,_'.

~and the mean scores actually obtained by them.; ';'-'__4‘{ - _.r* :

& -

.
: i ‘4‘- . - . . .
- . Ty T . - ) L -
N - . i

'*[:.ﬁatisnaig S .;1-g s “h_h'l&{.f o ‘;'-'gjiz

—

Developing countries often faoe the fact that fqrmal schooling CuangFS
the attitude of students‘extensively, and that these changes have the
T R SR o B R

B L. : J ~
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potential for creating a magor gap between.the educated ‘and uneducated

; which can lead to ‘alienation and/or confrontation. The purposég%f thls ;
study was to determine if significant attitude differences exasted '

. between high school.students and Villagers w1th respect.to beliefs about i

' man' s ability to investigate, manipulate, and control natural phenomena.*

, Furthermore, because the author wished to explore attitudes of. a broad .f%
S ¥
: ~'5'spectrum of Papua New Gulneans verSions of the instrument were develOped

in English Pidgin, Hiri-Motu and’ Enga (Raiapo dialect) languages.v '_It . _.'.

was assumed that data obtained from these séﬁdies would be useful for »l

auca/ional planners because the documentation of exten31ve attitude

]

: differences could suggest a need for extensive adult education.--f

- cl - - N . .‘ : .. . ‘ 4.4( B -
-0t . . i . . AT T S . 5

RN
)

B A
" .
S

_ResearchuDesignéénd;ﬁrocedure f{fJ5?*"”jJ_ﬁlﬁ'lf if}’{afj!"f Wi
'fg' The study involved insprument development,_validation, and’hypothesis
' . . "-'L‘ ‘

: - . ;_’\. ,'.”_.‘ ,. A‘_:r v-. d ,“ b . ..__. ‘_, 2o -v-_',',«.‘
: ..u.'l__,:x_ i'nstmentf Devﬂopf;zent N . o . ~.'> ._v'-._' - o By . = PR _' o < ﬁ‘
S '.l'he "Environmental Phenomena Attitude Scale" was. developed in Papua New ol ’ L

Guinea. by means of a number of field trials. ‘The. instrument consists -
of 26 1tems structured as an interview schedhle. The items constructed '
were based on five attitude related objectives stated as aims _of the .
' Papua New Guinea, science syllabus. These five obJectives were related
to investigation of natural phenomena by observation or experiment the
_'rimental results and- observations, technologies as man-made ,11‘”

the - need to test cultural models pr theories and the need
-to change mode s, and theories in light of -new discoveries. ‘A person who -
believed or- had faith in the susceptibllity of the- universe to human
7: ordering and unde'_tanding was - described as. having a p081t1ve attitude
;towards_investigation, manipulation, end control‘of natural phenomena.
The establishment of eliability of the instrument inter—observer relia~
bility of interv1ews, ‘and validity of the ‘instrument were described in '
i.‘ previous efforts by Maddock (1973 1974) An Instrument development

section is included here to describe additional evidence supporting the

e

argument for the instrument s constr validity. Construct validity is-
supported vhen one can correctly predict.test scores from theory or'theorve-

’ 42
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»=%”i e like statements. In ‘this case anthropologists concluSions were that‘:.”

. the attitude scores of Villagers fon instruments such as: the Environ-* .

mental Phenomena Attitude Scale)- who were not. formally educated in . ) .

Sehool should be significantly lower than the attitude scores of formally' c

AN

-
L]

-

edutated high school: students. ; . S - o ;
i A highly significant mean score difference (13 6 pOints) in favor of the
ST educated student prov1ded support for‘the construct validity argument.

> ’ : e N . ’ - . ’_ * T R

:'a;f@¢pth23iS’Testfngf7?=f
The investigator reported uSing 2X2X2 analysis of variance des1gn to teig‘._
‘the effects of education (high schoolgstudent vs. villagers) region - c
(coastal vs: highland), and life style (urban vs. rural). The only Slgnl—-i.
ficant mean ‘score. differences (13 6 points) reported were between levels u;;%Y :
of education and the difference favoring the educated<was s1gnificant 'f R
beyond the 0 001 level with an epsilon (E) of 0. 78 e

. A to- . ’ Lo
. . 4

N Analysis of variance was used to explore differences between males and

B

oy

females but no significant differences were reported The - author also
reported that no significant differences were found between the two magor"-

e ethnic groups in the sample, the Enga .and Chimbu.‘ : S

G- .. -~
. - -

In open-ended discuss10ns follow1ng the formal questioning, the . students",_.,
made frequent reference to the importance of science in- developing the
attitudes’ they held The students were also asked to predict which _
-answers they thought the uneducated villagers would give and the reasons

) for‘ thq.r pred"ictions.. S

-

s -

.

'”;Maddock employed a t-test -to determine if the difference between the mean
tfof scores obtained by the students on the attitude scale and the mean of .
.vscores predicted by students for-the minimally educated was significant : ?'
_ M.A highly significant (p <. 001) 21. 6 point difference favoring the formally '
'-;ﬁ"educated was found, The Pearson product moment correlation between the
. ,studentsg-scores and the. predicted- scores was calculated to explore the
i - relationship. between the students' scores and the scores predicted by the
;students for the minimally:eduqated. A significant negative correlation

Qo . : : BN , . o
. * - N t (s
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(r = -0. 26) was discovered which led the investigadgr to conclude that a

tendency existed- for students scor1ng high on the’ scale to. predlct scores

V.

f‘lower on the. range than predictions made by students scoring lower.,
szaddock suggested that this 1nd1cated that the-more pos1t1ve the student s

"fscore the more likely he/she was to stereotype his village "wantoks" as’

'negative in attitude.o
. : ) . / :
A t-test was also used to determlne if 'the predicted score means for the
Vminimally educated and the mean of scores actually obtained by them T
e - differed Significantly.» The difference was ‘found to be highly s1gnificant

’ <
“(p'< 001), indicating that the' students predicted s1gnificantly lower scores

'for the villagers., T QK : . o o a

In open-ended questioning of students that followed the formal interv1ew -
 information was ollected that allowed the investigatonfto make ‘the
:following concl sions-' . e

RS T Many students claimed that they did not know ‘the- practices and
e -_;'beliefs in" their area ; ' ' : ’ '

. 2; Many~students patronized and stereotyped village thinking.i?

Q\'.
T 3., ‘Many students felt that only studenﬂ//;ere clever enough t0j>
SN ~deal with medgrn technology. R ST N
y 4;' Many students had become so indoctrinated with the dogma of_"”'ij _*“
‘ standard School ‘explanations that they were' not w1111ng,to »
" tTy out new iéeas. S e
.) ‘ /'I‘ . T . . LT .- .. A Iv . ."” "
: ”~'Inﬂerpretations :

.

The investlgator concluded that thev"Env1ronmenta1 Phenomena Attitude .
Scale! was a valid reliable 1nstrument and that it was’ useful for compara-
. tive studies., Also, significant attitude differences ex;sted between highf'-l
school students and villagers. Furfher, the formal educational system has
‘had a significant degree of success in shifting attitudes ‘toward the p051—'
tive end of the continuum- and that educational planners rlghtly sh0u1dbe
concerned about the significant attitudinal gap between the student and:® the f .
udnimally educated ‘ AU L 1» T e

’)
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" ABSTRACTOR'S ANALYSIS

] B [ - . o
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Developing countties do not have either funds or expertise to plan\\hd
'develop curriculum uniqpely.fitted to their specific needs.; Even a modest

localization of curriculum is in’ many‘instances more than can be managed

| by Iocal school authorities. Their alternatives are ‘two: 1) Continue
o their illiteracy or 2) Use materialsrdeveloped in the Western world.

Illiteracy must ‘be eliminated Therefore, students are rushed ‘into curric—-'tl
- ular studies that are radically d1fferent from,anythlng ‘the adult populatlon-"

has experieﬂced What effects will this action have oﬂLthesculture7 o
Devéloping countries around . the world are modernlzing their schools: and
their curricula, Very few studies of the effect of modern121ng efforts -
-have been made. Therefore, the Maddock effort which is one of the few
studies ofGthe local effects of new science curricula 1n a developing

.,.‘ -

_country, becomes quite important. R i

-~

' fProfessor Madgock's“initial'effort'was the‘deveIOpment of the Envif—gmental ~}F

'Phenomena Attitude Scale to. the point where At could be reliably ad

o dﬁtered by interview in four languages.« The development of the id% rument;_"

,;want to.study ‘these earlier papers The fact
“a significantly more pos1tive attitude towards 1n

was only briefly described in these papers ‘because it was the sub ect of

'fearlier papers (1 2).- Persons f1nding Maddock's effort interesting will

at students demonstrated

stiga» on, control and
manipulatiOn was reported because it supported a cOnstruct derived from
anthropological studies which thereby became additional evidence support- |
fing the construct validity’of the instrument.‘c L 'v_' Coe L T

-

g The,fact that significant differences in scores could not be attributed to.
" a regional effect (coastal vs. highland) or an urban—rural effect was at
'least partially explainable. .Maddock 1ndicated that serious attempts were

- made to. make .sure that the _samples. were . as répresentative as possible. -

]

However, he reported that it*was necessary to ‘use volunteers. It is
pos51ble that volunteers w0u1d volunteer becauSe they already had a more:-;
positive attitude on the dimensions being studied ' That being a possi-

,_bility, it may be safe tofinfer that the‘differences in attitude between

the stndents and -the minimally ‘educated - may be even greater than the highly ’
significant difference reported Hence, one may well wa%t to: encourage~ o



B L
early implementation of adult education=efforts under the assumption that’

" gaps between g ations are too W1de and could lead-to the development
of ‘social problems._" _ : ' .i r‘ ’ . : .
The f1rst study supported a claim that*the educational Ssystem (not only
,Wscinnce) was 1nf1uencing the deve10pment of a more pbs1tive attitude
_ towards 1nvest1gation, conftrol, and manipulation of ndtural phenomena than
was the lack of formal school education., The second study may welL\benwre
““i significant 1n ‘that it permitted ‘the condlus1on that there was a s1gn1f1-
cant difference between students' ‘scores and scores that they predicted
for the minimally educated and a significant difference between the stud-
- .: ents' predicted and antual achievement scores of the minimally ecucated
_ o p Examinatién of the means permits the conclu31on ‘that the students '
’.f,p . predicted (1ncorrectly) that the minimally educated would score signifi—
cantly lowerg When this is coupled with other student 1nterv1ew informa-
o _ tion which caused the 1nvestigator to conclude that the students' ' ,1n i
7_¥ 0 descriptions ‘of villagers "revealed a staggering degree of patronlzing '
stereotyping of v111age thinking,"” one can understand .the cause for '

, concern. o .
e . i ' PR A
. ;&_‘. . . . R . . o ‘ )

There is evidence to suggest that schools cause “students to v1ew'at leastl'
- .these d1mens1ons of seiencedmore pos1t£vely than the minimally educated ‘
-person. Hence in that respect the schools .can be cred1ted' However,
it can also be argued-thgt the 'schools fail- to- help the. students v1sualize r

and understand the pos1tive aspects of their culture. Hence, the- schools f”fff

are falling.

Pl
-

E) . . . 5 . -
_\: i . . . . r .-_ . - .

»

Certainly one must support the preparers of the five-year plan who are ;:
cafiing for adult education. One.should also demand révision of student '
curricula to include intensive study of the Iocal culture especially

those aspects of the cul®ure within the dimen51ons of this study.
ol TR S . :

. Ca ‘
Thbre is ‘a. gap, and it was beautifully exposed by ‘the- investigator., If

eliminating this gap becomes an’ obJective ‘one would hope that all remember ﬂf

_that both the btudents and the minimally trained ‘mus become the deective
o of training.-_ o T ST n %\; ) L :

. T X .
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Few countries will be able to offer massive curriculum development efforts.»-
Economically, at least superficially, adapting and adopting Western-
developed curriculum may be more prudent However, curriculum develOpers
in(developing c untrles are. urged‘to proceed with caution. Abgyexall, we :
must remember t at the eXisting culture has been successful It is the
product of local evolutionary processes._ It has, until recently, adapted
Parws of the culture, probably large. parts, must be preserved ! '

./ - . S : - v

Finally, we should mention future research directions.- This-study 1llus- 3

.4

trated one effect of change that was only partially beneficial and exposed
dimensions that need treatment Similar studles should be conducted

wherever innovations are replacing ex1sting cultural practices. ,

. A
-
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,» Huston, Peter H. "A Study of Value Oriengations as a Characteristic of _
-Secondary .School- Studerits and Teachers of Chemistry."”. JOurnal ofz/'

_ Research in Scéfence- Teaching, . 12(1):25-=30, 1975. ‘ T

. Descriptors—~-*Chemistry; Humanismj *Relevance (Education) Science ..

. Education; Secondary Education; ‘*Secondary School Science' *Teacher

-~ CharacteristiCS' Technology .*Values
SRR Expanded abstract and analysis prepared especially for ISE by Elizabeth »
" Kean, University of Wisconsin AT _ oo A o _ f:
. . . . . . . «w P . . . . - i

.
o -

‘The purpose of this study ‘was to. investigate the value orientations (orefer—-
'ence for humanistic,.technological or theoretical aspects of science) of

, teachers and students of chemistry with rdlpect to charactéristics of those

-° E groups.- The following relationships were.exolored' e : , ' {

. B Ld:y?‘pil. the correlation betweea\value orientations measured on a developed
% T

ST l;_~ - instrument and.student characteristics of measured intelligence

general academic average, and chemistry grade-

o 2.r'differences between the means of the valué\orientations for male

PR

tand female studentS'

-3, differences between the means of the value orientations for

. teachers and studénts':

.4;;.differences in the mean value orientations of teachers related to
o - ‘ _1evels of university chemistry preparation and levels of . teaching
| .';gpf']eXPerience,,:1;;3' _.;n. A RS gf‘P-; .“A_i. | ’ ’
-f?f‘S;- differences in the mean value orientations of those teachers with"-
T a maximum of five university chemistry courses whO'were teaching -
'pbiology at least quarter time and those teachers with similar

A preparation who. were not teaching: biology at least quarter time,

] L.

‘R'ationale e T g
This work does not appear to be specifically ‘related to other previous -
research.' It rests: on the. assumptions that science (i e., chemistry)
curricula should reflect the value orientations of students, and that the

.. sclence (chemistry) curriculum is heavily based on a theoretical orientation,
\)‘ . . o . . " ] . c . ‘ . . . - - - .




A further assumption is that it is possible to separate and measure the

humanistic, technological and’ theoretical aspects of science.

h s BN ! . - Lo ’ . . .-
A . i L. . ) N

Research‘Design.and Procedures ' . 3 -

’

The aurbor used a survev design (non—experimental and non-quasi experimentai)

: in an attempt to describe a part of the educational context. . V/"

Inéirumeht ' ' J’v"«,; “ L o : 1':;" L

The author\besigned, tested -and utilized a forced choice ranking 1nstrument
to measure value orientations of teachers/students. The instrument con51sted
"j . of an ur specified number of statements of chemiéal fact, each of which was

foll ed by three further related'(correct) facts. Of the three related

facts, one’ had a theoretical, one a: humanistic, and- one ‘a technological

emphasis. From the three examples“listed in:the'article, the prientation

statements apgeared .to be placed in random order. - L < N
S . ' ‘ ) ws L ) o - :
. \

v. v.’ oL . .-

First preference rankings were accorded a score of two points, and second

preference a score of one point.’ Students/teachers were instructed to rank
each set of alternatives according to their personal preference or. idea oé
importance, assuming all statements were-correct. Points were summ?d for =
. all sets of alternatives, providing “three scores for each person which indi—
cated- the strength of.their orientation to each value, ‘

o

Test items were pretested on a "similar" (but unspecified) population.

Content. validity was checked by a -panel’ of five experts (unidentified) at
-an 8Q,percent agreement level Construct validity was - supported by mean '
value orientations reported for groups of theology and engineering students
(theology students scqred higher-on humanistic and lower on theoretical
orientations, scores on technological orientations for: the two groups were
similar). Moderately high statistical reliability was reported for teachers

and for stud&nts and each orientation.

-

Sample . - ':o - -

4 } . o -

. The student sample consisted of 60 girls and 60 boys in a suburban London,

Ontario, school : All.students were from the middle socloecordomic level,had



2

" had three years of high school science, were in the upper two—thlrds of L
their c1asses academically, and were about the same age . (i e., all were
12th.grade) Data on students (from school records) included IQ sEores,

-

grades in chemis ry,tbut not previous science grades.

The te her sample consisted of a11 3@ teachers teaching chemistry in the
: above 8chool system in the 1970 71 school year.' Teachers prOVided self-
report data od years of .teaching experience, number of" university level
chemistry,courses, chemistry .and biology teaching assignments. Wo.break- '
down ‘on 1ength of time since university work, age, or sex of achers was

reported, nor was there any indication oi teacher participation in subject ,

- . ’

v -

_—_____nmtter.assignments.' ] AR R . ' T

14

]
Sy

"Procedzxre, o - 7-.{

< , . . R

The instrument was admlnistered to students during one class period at an.
.unspeczfied time 9f the schodl year. No information\WBs provided regarding
~ the procedure for administration of the instrument to teachers. No. descrip—
tion of . the chemistry—curriculum in use in theasystem was provided - ‘"'{ y

- e el 4

Correlation coefficients between value orientation scores and-student char-,5~"

acteristics were ca1culated Differences in the means for various blocking

variables were tested for significance with a t—test " ‘“, L o s
T | -
Findin s . ,-. - ] . . 5 B ] ’ . . . . v - .‘ - ) ' .. ] : . L . -i'.

: _ <y - .
No raw data (tables of correlation coefficients, means for groups, standard

devié%ions) or inferential statistics were included in the paper. Thé author

AalERN

1. "No correlation" between v%lue orientation and measured 1ntelli-

gence, general academic.average, or chemistry grade for students.

” fiZ'-""A.significantlyﬁhigher" orientation of girls to humanistic ahd : —'_x
| boys to technological ogdentations. - - '

. P .
3. Students were, - "more highhy" oriented to humanistic and technologi-
, cal values than were teachers, who preferred the theoretical _f;-', -
e 50 5(3 -
- <

did report the following qualitative findings" . o _ -es&.
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. - [P . . L. . -

- s . B . - y ; . f‘a . . . ) .

oL 4, When teachers were blockZd‘%n\two levels of experience and two

T . v s N ’- - *L
T levels of chemistry course work . el ' ' :

- . s . ! . ) v

'--higher university preparation was associated with higher

theoretical and lower humanistic and technological orienta-

BT : ' §§ons, and vice versa. Lo ‘; I 1

”--higher level of - teaching experiéhce was assogiated with lpwer_
] theoretical and higher humanistic and techn logical ori\n;a—

' tions, 4nd vice versa.« -il>"q§' éc Y
“-9“' S
"Q'. 'These\res:lts were ‘not statistitally significant unless both : s
.- factors re combined ‘:' ‘_' i : j " ; 3-_;; .f:./ﬂ» '}k~‘
.3. Teachers who taught. at least one quarter time biology ‘had lower _
'fftheoretipal and higher humanistic -and technological orientations |

" than had the teachers who taught only chemistry.'l? L';f” . ﬂﬁghl

- | ﬂ : . !_
© + :Interpretatioss. . ' N o - oo R R ‘5?‘

. . .
. - -

'h:hl Value 4entationso£_students must be measured directly since_they
do ndt correlate with student characterisics. el

\\\\;\;; 2. Sex differences for students conform to a™Common stereotype° the
e source is st11l undetermined Gsocietal expectation vs. fundamental

difference)

- 3. Chemistry Curricula coincide more closely to value orientation of

RN

'h,teachers rather than with those of students, implying a need for\

»

_a revision to match those of students. . SN

4. No. causality could be inferred from results of teaching experience =

and level of preparation since these factors might be confounded,
‘5;‘:No implicatigps could.be drawn from differences An teaching assignd

yments, since - comparisons with other subject matter assignments were~v

. not available. R 'K; RIS ";" c L0

. LT . !;ﬁé

, 51
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o mzZidify,”' L. T P i

-

_Ihe author has designed an instrument that apparently can measure the human— .
istic, technological ahd theoretical value orientations of individuals :‘

_;oward;chemistry.: He made appropriate efforts to control variables in his g -ﬁ_
f samples. Some, additional information on the sampleslinstruments might have S

‘been useful (see section. 3 above),aput for the" stated purposes of the papen, _:
. R

- . .

information was ge@erally satisfactpry.
.AA major validity question arises, however, from the lack.of data reported . ,;_\f?f
. within the paper. Since the author does not include correlation coeffi- ' E
o B :cients, means,'and standard deviations for groups, levels of significance,
: ,:_‘ - €te, the reader is left with questions as- to what_ was actually found an& ."‘,“

’j'cannot judge whether reported conclus}ons are actually warranted

T n ./“ . R .- R - ) K . . . _‘ e _.“ d . ‘ .- ‘R.
g o e be s A e T S AT
‘ 1The validity,of one assumption is open to: guestionf' whether or not . curriqr ")"

"b:jula must match the value orientations of students. Can it “not also be
5 argued that the purpose of'%ducation is to . intervene in the values of
students;and to offer them new options° It is not clear what the optimum

— — e - ——

T mateh 4 orientation might be". in order to -develop maximum intepest on the f;“

. part of students. The actual curricuium that students in this study had
e .
* been exposed to has not been discussed by the author nor is there any indi-
cation what its orientation might be. ' ' ST

Regearch Design —~ . - . S . .
This‘%tudy comes under the rubric of: descriptive research'"i.e., it does not
_ attempt to manipulate an instructional.situation but to discover some impor-

'tant and meaningful facets of ‘that s1tuation.v 'As such, it is extremely\\‘_

'susceptible to biases inherr t in the research questions asked . o g

- 3.; )
ThiS'study purports to ask whe' er stuZents (assumed to-.be naiVe learners of o
St ‘Bcience) possess a theoretical nistic, or. techuological orienoationwdth

Y respect to chemical’ content Their responses to the forced choice rankings

- are_ then compared to responses of teachers of chemistry. Means for groups .
: . AT o B S . 2

o ., . . . . N 4 B - . e

i



' ' o "‘_. ’,jf - o ;~
~of teachers with different characteristics are also .compared with one '
anoﬂher. The c;itical question which comes .to mind is: to what extent
“are responses dependent ‘upon chemical knowledge’ To what extent can naivev
learners of science with little theoretical knowledge and few expériences
-7 - with chemical theory prefer a theoretical value? The answer seems pre- o
.determined' students and . teachers with less knowledge and exposure’ to '
'kscientific theory'will prefer orientations other than the theoretical wﬁén
_ compared to those teachers who have had extensive exposure to' the ' correct"v T
'and ;expected" theJ&etical orientation iﬁ college chemistry’ classes._' ‘
. -D‘. . , '-,
The same problem applies to the attempted construct validity in Table l
Again, exposure to more of the accepted theoretical hrientation in sclence
classes by engineering science students ‘might accoskt for the differences’ “i:

in means for them compared to theology students. L

There is also a question whether one should expect any correlation between L
intelligence, general academic average/a/d chemistry grade with a theoretl—'fk'g

cal orientation.. What is lacking is a theoretical construct which could

w4 B

explain such correlations, even 4f found. Further, was there any question_ u'{i v
in the reader’ s mind that an abstract theoretical chemistry Curriculum '
would not reflect teachers' Values rather than students" Examples of learner j_f]jif

oriented science courses Are rAre iﬂaeed S 3'[””f3 ;

) he . e . e . - ’
.o - . .o o . : : : . .-'\
/t . . , =3

-In the case of male vsggﬁemale student differences in values. the" latter s ‘?“;f'j:v~

~
f s

. preference-for humanistic orienﬁbtion is readily expl ned by societal _
E\' ¥ 'expectations that femaies will be people oriented Again we- have learned Kt 5
nothing ‘new. What might have been interesting to‘find out is whether or. '

not teachers of both ‘Sexes with similar acad"_ chemical background differ T
e . '

s

. in tﬁeir Nalue orientations.._f'

3 & . : Fwﬁ ‘;,.-?c N ea R e .
\since no constréct is presented that would explain any,rglationship of -
teaching assignment to value orientation, this hypothesis COntributed '-
little to the paper, and” probablY“could have been omitted _j{

C. B . - .. v T N .
- e e @ U A GO .
. - L i L S P . N ‘e L -
A .n,**b"c- R R

NS
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Some ‘of the difficulties mentioned: above may, be due in part to the origin
of. the study--the aathor s dissertation. What is presented here is a part

fof a ‘larger wvork, whose nature is suggestéﬁ by the thesis title, 1t may

N

.

have been pertinent in the thesis’go block on teaching assignments ‘partic—
ularly when considering learning outcomes, but the inclusion of this aspect
in. this shorter work seems questionable. It is difficult to. abstract a
short paper from a larger and more comprehensive work, The danger is that
one abstracts parts- without providing sufficient rationale‘or relevancy to

the shorter work. _ .' _ i

)...

Suggestions For Future Work

¢ - . -

The author's suggestionlthat ;}ternate forms of'the Chemistry Preference

Evaluation Instr:men might be used to. m re chan es iIn value orientation ‘
5 _;S’u __s_

cints to potential further research._ However, an future work in value
P P ‘ 1y

orientation of teachers and students should haVe a clear'notionsof purposeQ

‘and. value. The ‘esults should havg;some 1mplication for how teaching/

« T

lehrning might be organized.ar czgdncted o ﬂ_ & ¥3;” e )’_"”

. _ .
- N . . . . .
~ \ ‘ . <

Any further work in value orientation and its potential effect on curriculum
should have a stronger conceptual bése.l What questions are worth seeking -

answers to? ' Is one orientation beefer than &Bother° Can valhe orientatinns

——

- be changed by exposure to more science informatiod’ By exposure to differ-

‘-ent types of curricula” If cognitive level (i €.y knowledge of chemical e

I
‘

. .‘. u,

theory of 'a theoretical nature) is controlled ‘how do we explain value, ,'; el

orientation preferences’ Are these preferences stable oVer time? Asking

.

stronger questions might generate more - educationally significant reSults.
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T Nordland Floyd H., Jane B. Kahle: Stephen Randak- and Thomas Watts.
PR '”.*"An.Ana1y31s of the Effectiveness of Audio-Tutorial Instruction:’
S Measured by Student Achievement and Predicted by Standardized
' . Measures." School Science and Mathematics, 277-284, 1978.
' Descriptors--#Audiov1sual Instruction; *Biology, Individualized
. Instruction; *Instruction; Learning Disabilities' *Research; :
Standardized Tests' Secondary Education- *Secondary School Science .

Expanded abstract and analysis prepared especially for I.S. E. by Glenn H.
: Crumb University of Western Kentucky -

H;Pu -se‘-L\f' o o o o :ff? - - Lo
== e .

, The purpose of ‘this investigation was to compare achievement by 119 high
:'school biology students after receiving instruction by either an individ-'
*ualized audio-tutorial system or by group classroom presentations. It;

§ was hypothesized that (a) there would be. no difference in achievement on" '

: *teacher constructed unit tests- (b) there would be no significant differ—-lﬁf

"ff ence. in the correlation between scores on selected predictor variables -
‘ land achievement th the two treatment groups- and (c) there would be no
' gfsignificant difference in' achievepent between the treatment groups as.
i:subdivided at the fortieth percentile on national norms for selected

‘;ipredictor variablés ' ' SRR

s _ S e -
) . ’ ' T Lo - ’ . -.-‘

The -concern of the investigation focuses-up0n a common problem in most
:high school science c0urses——how to effectively deal with student differ- $_;
ences in, reading'ability, ver ahility, and the ability to use quanti— :
;g’tative information. _ﬁmall group ‘or individualized instruction as o fo.j.“w}
_ _t'*described.by Postlethwait Novak ahg.Murray (l 69) and others, seems to B
';'fif'~qffer at least partial answers to this classroom dilemma since it has ’
_'7already been established that such instructional strategies can be effec- ;f? o
. ;{Itive when utilized with a selected population of learners ‘at he college f"“.f
bjfand secondary school levels. _When standardized mea ures. emplo_ d (Otis LTI,
I Q. SCAT SAT) failed to. predict differences in student achieve“_} B

‘/‘ .

- between the two-treatment\groups it was hypothesized by the authors that
: ‘ c the audio-tutorial method o§ instruction might be providing -an- alternative
for studﬁts deficient in.certain skills (reading, quantative ,abilities). R




:'\

Research Design and Procedure A T ip el

lWO randomly seleCted treatment groups (n = 59) were taught mit051s,
meioses, probability -and genetics using materials developed by the high
school ‘teachers in. collaboration with the senior .authors, - During a
treatment period of three weeks duration one .group (AT) received all
. instruction.uaterial by an 1ndividualized audio—tutorial format ,while
'?"the other group (NAT) was taught using a group, classroom format.: ‘The
'<hypothesis tested were as’ follows- ' ’ ;
. (Ho:XAT.= ENAT, Hy :XAT # TNAT) ‘ -' :
No~ significant difference in achievementa.
2. (Ho:r AT =t NAT, Hy: r AT # rNAT) - - -
No significant difference in ‘correlation between scores. - -
:or selected predictor variables and achievement. -
3. (Ho: XAT 40th? = XNAT 40th7
... XAT 40thZ" T:40thz . = i '-..q_‘¢pr '
- Hl-XAT 40th% . T 40thk. XAT 40th/ XNAI 40th7) --agﬂ,"-, _
No significant\difference in" achievement between ‘treatment groups'*h”"ﬁ

as subdivided at £he 40th percentile on national -norms for each
predictor variable (SCAT quantitative, -verbal, total; Otis IQ; -
STEP reading, SAT Language Arith app., para. meaning ) R

.
-

Findings. L ’1]:§??55_’?'?’ 1ﬁ”_ IR

4§ypothesis One: Hogaas not reJected as . no significant difference in.

achievement was found us1ng’a pooled variance estimate t~test.

ypothesis Two-‘ Hb was rejected for 31’—predictor variables*except
. et
the SCAT quantitative as a, result of the application of the Fisher z '_. b'
‘[ statistic. - . .f"i-- - . . )

N
-~ D . . . »
N . . .

_ypothesis Three“ Ho was not rejected for every predictor variable in,

the p0pulation above the 40th percentile. HO'was rejected for'every predic-gj"

tor variable except the SCAE quamFitative in the. population at or below the _
40th percentﬂe, Lo e T o Ce o _;‘_.-, BRI

4 . ~
N < " TN




. . . R r’
Based upon the data and the results of statistical analys1s, the follow- . ' :

-

ing were reported'

-
. Db

. ‘ 1. The audio—tutorial'group'had higher mean scores on the ﬁeacher--
‘ \\\\\’ : made unit tests although the differences in achievement between o
. l 4 the two groups so measured was not significant ' a '
: | . . : ".- . B | . n .‘7. . )
i . 2, Standardized measures were less predictive‘of achievement'for
- the groups taught by the audio-tutorial format. R R T

o . 3. When the treatment.groups-were subdivided_at the 40th:percenti1e£;d
T level for each predictor variable, no significant differences
| were found in the. ability of the variables to predict achievement
for subjects scoring above the 40th percentile.

»
‘o .

[

There -was a significant difference between the treatment groups -, *
" in the ability of the standardized measures (excepting for the |
SCAT quantitative) to predict achievementﬂfor subJects scoring -

at or below the 40th percentile. =

“ -

‘Interpretation: .- . . . R S -
. \“. .‘v.

- . . 7

certain deficiencies.";

a
-

AR 2
[add
'
H

o _ABSTRACTOR'S ANALYSIS e

. . - . . . L . .
< - KN .o K . . L. ' S <

+

- the‘lack of a discussion of implications of the study in the context of
’ { - previous work.by others._ Tbr example, Pinsky (1973) reported that students . By
 vhose learning activities were contrplled ‘the most showed the greatest gains -/;tjfe

:7; in achievement Inasmuch as the audio-tutorial procedures may have v .
o ‘e Lo T ERRTEE S "“:w . . . e ‘ '-,".::.f__::,




-

| fnd NAT groups. ‘

-delineating the s1milar1ties and differences that prevail between the two

considerable control on the learning act1v1ties of the AT group members,

‘some discus51on of this factor would seem appropriate, particularly in

- view of the performance of the group at or below the AOth percentile.

A further clarification siould also seem to be: needed regarding the

instructional styles and roles of the two teachers/in each of the AT -

iy

Perhaps because of space limitations, ‘the authors provide no 1n31ght 1nto '

the instructional ‘strategies employed with the NAT group. It would seem -

-

very unsafe to make predictions concerning appropriateness of use of audio-

tutorial instruction in lieu of other teaching strategies without’ clearLy ”;Q'

programs, It does not- appear that the two .authors are reporting anything

- new - regard‘ng ‘the- abill individualized audio—tutorial instruction to

successfully teach science concepts It may be, however, that the mater-- .
Y.

. dals utilized are of a unique design which may provide benefits to some - - .;:;

'students receiving 1nstruction in’ some Specific areas of high school biology.

. g >, B

o The concise manner in which the study was reported obviOusly 1eaves some

" used a’'t=test "to verify the effectiveness ‘of the randomization procedures." T

.questions unanswered regarding the data’ analysis. For- example, the authors

S AN

D

‘.fIf indEed ‘the procedures used for assignment to ups was truly random,_

no verification .would be required' Although this extra precautiog,was taken,i_,"g.

o statement is provided as’ to which standard measures were used as ‘a base

_-for comparison._ If they were the samewones as used for selection of the .«'a3"

7?groups falling below and above the 40th percentile, a substantial burden

standard measu?i%

‘instruction in the content areas which were included in the materials used -

- has been placed upon the validity and reliability of scores on those

L.
Te s st o T e P - . . . .

'If this is the case, then questions regarding date of testing, equivalence‘
,test forms, the prev1ous student experiences in school.(grade level) need
to be focused upon.f For example, the authors make reference to students

. 4n grades 9 through 12. What assumptions were made regarding equality of -

subject naivete among the AT and NAT group members’ How does the analysis
account for different experiences of twelfth grade students as,compared tof
ninth graders’ Obviously the 1atter will have had fewer opportunities for:

in the study. In short for a three—week period of training in an. area _"’

L.

_".___‘ Lo




o

=

, 1influence on the”

w»
that is specifically science or1ented predictors of the type used (Otis

-'1Q, SAT "STEP, SCAT) may not be as_ appropriate when used . alone .as would

previous experience and achievement- in- related subject matter content.
The final results of the study may be as much due to a qualitative differ-
ence in the students as in the AT 'versus NAT 1fference._ Any trend. o

established prior to the %xperimental period may have had con51derable ’

results reported; e

£ - ..

' authors or the reported study. ‘Given the constraints of the real world
'of schools, classes, and policies of research Journals, the study as
Xeported. does prov1de ‘some added insight Into-a substantial problem in

the teaching of biology Ain our nation s schools.
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Rowsey, Robert E, and William H. Mason. '"Immediate Achievement and Reten-

_— . . tion in Audio-Tutorial Versus Conventional ‘Lecture-Laboratory >
- . . Instruction.” Journal of Research in SCience Teaching,'lZ(&):393-'
SR ' $ 397, 1975, .

Descriptors—-*Autoinstruct1onal Methods-~*Biology~»~College
Science; Educational Research; Higher Educationj Instruction-'
.Science Education; *Teaching Methods : A

Expanded abstract and analy31s prepared especially for .I.S. E by David L
Dunlop, Univer31ty of Pennsylvania at Johnstown. : _

, .  Purpose . . . L ST ‘\\6”

-
*

_ The purpose of this study was to analyze the outcomes of two methods of -
’ _ 1nstruction, conventional lecture—laboratory and audio-tutorial as
. 'related to immediate achievement and to retention among students in a _
~ university course in animal biology.» ‘The following two research questions
'lwere examined:. 1) Will students in an audio—tutorial program show greater"
immediate achievement than those in conventional lecture—laboratory pro-
grams? 2) will students. in an audio—tutorial orogram show greater .
differences in the retention level than ‘those in a conventional lecture-
laboratory program’, - :' ‘ ' : : S :

L e

- Rationale
As the authors correctly 1nd1cate, the audio-tutorial approach to instruc—-
_tion has grown into a widely accepted teaching method and has been used at’

L i sionai school It appears that the rationale for conductlng this study

'-:f7f"j' was to provide instructors with some. data useful in selecting between two

: ;separate formats of instruction. _

‘7f»ResearchvDeSigpﬁand“Procedure : . : . Ce . g

biThe experimental group'(n = 134) participated in an -audio-t utorial program

';which consisted of 18 separate exercises which were. develoﬁed and Tecorded
*Ef” R - lson.cassette tapes. The entire taped lecture sequence required approxi—

f:mately'lS hours, with individualrexercises ranging in length from 15 to 85

_62[11;63:3-’ ,‘&- - ” I | :.H. | ’;I

vevery lewvel. of instruction——elementary ‘school through graduate and profes_ vf?f



- Findings. o o IR

ignent .and - retention._;w

. © . . ' X
. RS >
A - . .
. R v R

minutes. The program- also 1nc1uded voluntary group d1scussions once a

week and ass1stance from graduate studen..-or faculty members when needed.

E'
o

‘The cohtrol group (n = 190) consisted of two conventional lecture-

laboratory sections,~each ‘'of which met for four SO-minute 1ecture sess10ns

i

and- one three—hour laboratory session a week. Students enrolleaW1n one or
the other of these two groups without realizing that two separate methods -

of. instrucuion were ‘available. The afternoon session was randomly

1’\‘

Ped

selected ‘as the experimental section ’ - - R L

A

'An_achievement test consisting‘of 60 multiple choice items was developeé&
and used'as aftetest, posttest and retention data gathering instrmnent

'A‘reliability
'method and the Spearman-Brown formula, and the content validity was estab-

f .86 was determined through the use of the split—half “-,

1ished by a panel of qualified individuals. The professors itivolved in

’the study did not participate in the construction or validation of: the

achievement test and they had no knowledge of its. contents.l,

The pretest was administered “to a11 of the students on: the first day of

the quarter and again at the complemion of,the quarter. Eleven weeks and

three days later the same test was again administefed to all of the avail-
able students. (Twenty—nine percent of the control group and 34 percent
of the experimental group participated in the retention study ) Five t-

tests were conducted in the analys1s of the data.

-

The pretest scores for thg two groups were not significantly different:
. e ' s e
however, the posttest scores and the retention scores were significantly

different‘?ith the?experimentalggroup,being higher in both instances.

-

Interpretations

<
-

No specific conclusions were stated. However, it was implied that the

audio-tutorial approach to teaching college biology was superior to the

63 .66 . . . .

&

Al

'conventional methods of instruction with respect to both immediate achieve-

. 4_]



o " ABSTRACTOR'S ANALYSIS R e
- f Today there are several different!degrees of audio—tutorial sophistication'
however, Postlethwait (1970) . states that the audio—tutorial system was
_ . " began in.1961 as an attempt to assist Purdue University students who had
_— e /i:or background in introductorv botany. This method of instruction
| began a% a taped lecture and was later supplemented with a- textbooﬁy labor—f'
‘atory manual, specimens, experimental equipment and other such items |

Postlethwait s sys'em then evolved into a much more elaborate and inte-

7y.fgrated program, _h now includes several study sessions a week ‘an
.Jindependenf study

L ession,,a*general assembly session, and an- integrated
‘;_,.f‘fﬁ‘ffquiz session 1196 ' ' )

= L
The audio-tutorial program which Rowsey and Mason used as a basis: of their —
stqdy appears to be similar to Postlethwait' s earlier program as it does

.mot contain the numerous elements of Postlethwait's lateF more integrated
approach. Recognizing this difference, .one could speculate that a rep11-
cation of this study using a more 1ntegrated audio-tutorial approach would.:"'“

result in even greater differences between the control and experimental

“'8roups. I . L o | L el
.In their review of literature Rowsey and Mason mentioned eight related
Jstudies' however, two of these studies (Weaver and Russell) were omitted
v_';;from the reference 1isi;at the end of’ the article. The absence of a :
C T i_,conrect reference to. Russell's work is especially frustrating as it is  ..*
\;f‘;hi' a the only study nmntioned wh1ch demonstrated that students taught by the ;ir
tfl' ’.;;ﬂ onventional lecture—laboratory method of instruction achieved at a- level
significantly-greater than 'students instructed by an,audio»tutorial_pro— -

gram.

instructional appr” ras produced’conflicting findings and an’ expan-
S 5;- - sion of the literat “review will not totally resolve the issue.” Studjés
_ by Meleca (1970, Hall et and Holt (1973), Hahn (1971), and Bish, Bowman jnd  °
lSarachek (1978) support the superiority of audio-tutorial approaches over

- a more. conventional méthod. However, studies by Durst (1968), and by '
"Grobe and Sturges (1973) do not support the superiority of the AT method

— . .:. . ..‘_ oL - .‘I .:. ' . ._I '-. : .
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. It appears that future investigations comparing the audio-tutorial instruc-
*f - tional method with other methods would do well to devote. some additional
thought to the reasQns. “for’ the conflictlng f1nd1ngs reported in the liter-
ature. One approach would be .to further refine the research des1gn and
apply‘statistical techniques useful in identifying the variables relevant )

-

to a student’s learnlng in these approaches to 1nstructi0n. Bish Bowman,'
) and Sarachek (1978) ‘have begun this, and thgy report that of 18 wvariables
studied only the precsurse test score,’gdﬁrze section (AT or LL), and
,. class contact time are signlflcant predictors of student performance in
A the c [Se. A related approach which could also be attempted is that of
' using Hunt's matchlng models.cgﬂcept (1971) He describes in detail the
ty of matching am individwal with the "correct" educational environ-

?

neces
ment._ ' If this were properly done, we would expect to observe greater PR

achievement in all types of learning programs.

-

Pare and Butzow (1975) examined the relatioj' among independence of work

- habits, attitude, and achlevement in an audio—tutorial physical science
course. They conclude that audio-tutorial instruction ‘does not appear to
be a pana/ﬁa for all student= and that pore research on this instructignal
method is necessary before we will understand all of the related parameéters.
L. . ~Rowsey and- Mason ‘seem to ignore variables such as learning styles, attitudes
' work habits and etc. when comparing the experimental and control groups. . (-
Based upon similar pretest measures (cognltive scores), they state that '
their two groups were "homogeneOus" at>the beginning of - the study. Were
the groups homogeneous with’ respect to other relevant variables’ If‘not,g";

what effect, if any, would this have on the study”'t"

- A - ' . : ',"
.Since long-term retentlon is a signlflcant part of one H education, the

measurement of retention is indeed important. However, the number of

students participating in the retention portion.of this study is of some

concern. I B o

. - . - a 3 _. “ \ ' . -

Why was this number so small? - Was-thére some type of bias operating? For .

example, could it be that several of. the original participants did not . |
& return to. school in the fall due’ to low academic records?_ If so, thiscould

introduce bias and make interpretation and generalization veryhdifficult,

“if not: impossible. CT AL - s .
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In addition to the sugrestions made earlier for future research one addi-~ .
tional area should be mentlonld That 1s, resea;ch,;elated to video-'
autotutorial instruction. risher Buenther," adQ\Macwhlnney (1977T have ’f
begun to examine th1s area”and they conclude that video—autotutorial
" instruction seems to be a particularly effective method of 1nstruction. . Y .

| In-view of the 1ncreas1ng availab111ty of VTR equlpment this area_of‘

' research deserves additional study. o EEAY _—(;///<£/\\\\~
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