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Burco s e L0 thiy o stuedy woere Lo () dovelon
.z'/«l]li-’al.i"f Brocodaraes fOroa process; Approcch Juinior hga

Gohool Cevence curricalum and (D) to use these Drocedures
Coubtain iutormation about the technigques and methodol -

3

oglcs-which tended to maxinize process approach objoectives.

Using a thecrdtical -ocess approach instruccional !

mode ], an. evaluation medel wic developed and used as the

'

basis for the- develiopment and utilization 'of the evaluative

proc2dures. In essence, the evaluation model had threa

. a ‘
»

main thrusues: (1} the determination of student achievement

B : -~ N ! . ' .
2f process approach objaectives, (2) the determination of
‘ _ J ,

.

the nature of the instruétional,input, and (3) X@e conmpar -
1sons of achievement to instructional input.
The sampie consisted of three huandred and seventy ~

three grade seven students in sixteen classes under the
jurisdiction of six teachers. This sample was divided into
Six tré¥dtment groups defined according to the teacher from

i

whom they received instruction.

Achievenment was determined using tests selected,
| , . e j“( 1
pPrepared or adapted for the Purpose. The Test On Under- .-

~ ey

standing Science Form Ew was used to measure knowledge .

h
/

/

\
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cbhont scienice and scioentistas che Devinry Br#:icitnmcy Tost

(i adaptation of the TaB Scienee Tesit), and two prepared

i e e e e

tests (the scrénce Reasonang Teost and the Process of Science

+

Taost) w o used to measure student performance competencies

in the procoss dimension.

The nature of the instructional input was deter-
mined from reports submitted by participating feachers as
supplemented and verified b} an obsefvational instrument

.

designed for the purpose. '

The sample was pretested using the CQOOP Science
Test and the TOUS-Ew. After a period of sixteen weeks-the
the following tests were administered: The TOUS-Ew, the

the Science Reasocning Test, the Process of Science Test,

the Inguiry Efficiency Test, and an attitude test known as

3

How I Feel About My School Test (HIFAMS) . .

Comparisons were made among groups first using one-

-way analysis of'vériance and then using analysis of covar-
iance in a factorial design with attitude and sex treated

as categorical variables.

It was determined that after allowing for the

effects of intelligence and previous science knowledge
there were significant differences among groups in student

performance competencies in the process dimension. Qhere
. \ . - . '

~
~



> v
.

were. alsy wide variationg in presentation, implerentation,

-

and interpretation »f the »verall curriculuwa. ,
. ‘ o

Tt was concluded. that the kind of instructional
input whicﬁ tends to maximize process approach objectives
'is characterized by'tﬁe ﬁall?wing:- (a) non—verbél instrnc- s
tinnal mjdcs form a dsminant part of the 1eérning environ-
ment, (b) the teacher'§ questions are mainly conceptual or.}
thonqht—prbvokiné as oppaéed to questions of a factual
nature, (c) although independent work is.encouragéd,
structu;eand guidancé’are pipvided in terms of student

. _ ‘
needs, and (d) the processes of science are utilized as

dictated'by'fhe subject matter under consideration.
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CHAPTER I
THE PROBLEM: ITS BACKGROUND, NATURE, AND SIGNIFICANCE
I. INTRODUCTION

Th? reform movements in scicnce cducation‘which
prodgged science curricula such as PSSC (Physical Science
Study Committec), CHEM Study (Chemical Education Material
Study), and BSCS (Biological Scioﬁce Curriculum Study) now

have their counterparts at the Junior high school and
/

elementary school level. Some of these now materials .are
based upon the idea that scihence includes two main dimen—
sions; one dealing with subject matter and the other dealing

with the methods of inquiry wh;éh lead to the ‘acquisition of

’
¢ !

the subject matter.
These two dimensions are what Joseph Schwab (13))

calls the substantive and syntactical domains of science

[

and are the product and the process of science'respeétively.
, ' s

: / /
They receive varving degrees of relative emphasis in current

curriculum materials’ depending-on the philosophy of the

designers cof the materials. The influence of specialists

A
within a discipline iz reflected in both the. suggested modes

of inquiry of these materials and the selection of view-

points around which to crganize the content. Witness, for
3 B - B .
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2.

cxample, the BSCS materihls which have been divideéd into
\
blue, green and yecllow versions emphasizing molecular,

A

cellular and ecological viewpoints respectively. Although

the molecular biology would sgcm to be the most abstract

! \

‘and thcoretical, all versions ﬁey easi’ he fitted under

ther same broud conceptual schemcgc
It,would seem that if the Qrocess of science is to

\
\

be emphasized within a science curriculum so that science

can be interpreted within the meaningé associated with the

©

diScipline, it is unrealistic to expect to accomplish this
by having the student truly imitate the scientist. The

variety of disciplines and the fragmentation within each
‘ . |
discipline makes this impossible. It is assumed, however,
' N ‘\\ ~. .
that it is possible for the student to carry out\sQ@e of

t

thé'act;vities which are common to all scientists. A com-

¢

prehensive list of these activities-is given in the

Inventory of Processes of Scientific Inquiry developed by

L]

the Edmonton Junior High School‘ProjeCt under the direction -

<]

of M.A. Nay (80).
The belief that students learn science better when

operating within a framework similar to that of the prac-

a R

tising scientist has not bcen proven but it complements

considerations from psychological studies that learning-is



f | L

best retained if it’follows a pattern (16). Such a pattern

depends upon the structure of’the'subject matter and is
unique to the learner's way of structuring the subject.
This, and the belief that involvement is crucial to the:
learning process leads to the dual problem of th to best
o structure Chc subject hatter to fit the individual student

and how to bring about true student involvement.

' C o ’ .
Progress towards solution of these problems has not

heen rapid and may be due to attempts to force educational
research rhto_traditicnal designs‘whichlare unsuitable for
the questions being asked and the materials being inuest—;
igated. |

Ramsef and’Howe (97);.in reviewing research'rélated
" to the teaching of science invthe secondary schoois, point
ouT some of the weaknesses in these research efforts. They
tentatlvely conclude that confuslon in termlnologx used to

describe certain instructichal practises, true“differehces

- - | N . _ o
~'in courses and external arrangements being hidden due to.

the overwhelming effect of teacher characteristics; and the .

lack of sen51t1ve evaluatlon ins trunents were some of the

common,deficiencies.- On a more pOolthe side they suggest

: t

that there is mountlng ev1dence that rnstructlonal .proced-

ures can be de51gned to produce spa c1f1c outcomes- such as

¢
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@

critical thinking, desirable attitudé changd, understanding®.i

W

of the scientific enterprise, as welllas the more tradi-

i

L . . . o C .
tional objective of content acquisition. ; ,
A\

Researéhvdcaliné with the applidation of curriculum
: . : (o :
materialsnis essenfially applicd resca;&h. It is practic-
ally‘impossiblé.to use experimental contf&}s which would be
considcped adcquatc'in the traditional sense of control

group versus experimental group. In a given city, contam-

ination between the two groups is almost inevitable. This

-suggests that an experimental design would have to recognize
these limitations and concentrate upon carrying outl an

intensive investigation of conditions as they actually

+

exist.
In a given school situation there is an interdepend-

ence of factors which can seldom be viewed in isclation.

Rather, what seems.to be involved is a matrix of elements.
( _ _ 1X

These elements may have little meaning wh& viewed in

isolation but by their interrelationship produce a situation
_ , o o . L

“% [4 °
i

peculiar to the -particular éombiﬁation, for example, the

- situation. of studenit A with teacher B'for lesson C is seldom

.dupliCQted_by.ah; dthéf'étﬁdéﬁt, feaqherf'andilesson combina-
tion. It may'be:pbsééb;e To attacﬁ.meaﬁing ﬁO'theée
combi;atidﬁs>ana:t6.ydasﬁre'their effecté;ﬁy‘tﬁe‘usé o%
o _ R Lo '
obsepvatipnal‘techﬁiéucs'aﬁdjevalpdﬁivélgﬁsttum¢nts,

o
A

Q
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. . , IEIT. THE BACKGROUND OF THE STUDY

P
A

bDuring the past cight yca:s, the Edmonton Junior
High School Process-Approach Science Project, under the
Airecéion of M.A, Nay has been developing a threé year
séquence of science courses. As reported.by Néy (80) this
projecg is an am;lgamatibn of several features of Science -
A Process Approach, the staff's perception ofwéhé nature of

I ERY

science, and the realities of “gcience teaching.

.Eroh its‘inception in:i965, the project has been a
cooperative reéearch and developnent effort in_whiqh-séﬁool
ad@inistraﬁérs, teachers and anversity_personnel were
éiréctly-invol;ed iﬁ tﬁe attempt to producé a viagle curric-

ulum which would give students an understanding of and

'skill in the process of science concomitant with an acquisi-

-

.tion of sqiénce.knowledge..AThe framework for building this

curriculum is>supported.by the'followiné'beliefs:

1. Content or science knowledge,is of primary'import—
ance and dictates‘the prcblem to be inveétigated
and the stfétegieé 6fAinquiry4£o be utilizedf

2. The structure of a given sci?nce/sﬁould bétemph—
asized‘andﬁcareful attentio; giveﬁ to the
oréanization of‘tﬁis science*knowledgé;

3. It is possible to classify the'aétivitiés of



‘ 6.
scientists into siﬁpler activities or processes
and there are gencral processes .used by all
‘scientists at some stage of their research.

4. The processes of scierice, including the intellectual
eetivities associated with it, can bhe learned by
studcnts. This learning can be faciliteted by
méans of an instructional Sequence in which the
students carry ov activitijiesg similar to the
activities of the ptactising scientist; Students

N are not miniature scientists so that the inquify
activity in the Junior high scjience course must
be detefmined'sot only by the nature of the prob-
lem being solved but also‘byﬁcops;derations |
relative to howvstudests learn.

Mokoaﬂ1(76) reported that the Project was initially
eoncerned with how to translate the working methods of the
scientists into procedures adaptable to 1nvest1gatlons
carrlea out‘by students in cJassroom s1tuatlons -Iéjother
~.words to take the s1gn1f1cant Processes used_byvscientists
and. make them'operationelly Suiteble to guide the;investiga—‘
tions“carried.out by students |
1

A major step towara the soJutlon of this 1mmed1ate

problem was the productlon of 'An Inventory of Processes in
X S Y ZHLOrY Oof ———Te5ES 1n

-
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7.

Scientific Inquiry*, which will henceforth be referred to

simply as the "Inventory".
In producing the Inventory, the members of the

Edmonton Junior High Science Prbject used a large variety

.of sources such as biographies, original papers, books by

science historians, observations of scientists at work, etc
and prepared a comprehcnsive list of activities which were

relatively common in the research efforts of scientists in

the various scientific disciplines. Each of the activities
. 2.- “ -

or processes of science in the prepared list was described

il
N

and its purpose delineated. The activities were then
arranged in a formal structure to aid in illustrating the

interrelationship among the processes and to proviae some

Y

o

guide to the learning process.

The'vérsatility.of the Inventory enablég it to be
?sed to encompass the curriculum within a framework which

directed the teacher to plan investigations which reflected

the proéesseS’bf science, The fact thét most of the pro-

‘cesses were stated in behavioral terms made evaluation and
B !

oo ' s

- o~

planning procedures complementary. /

“ t

Hopefully then, a curricuium could be constructed

*See Appendix A for a copy of the Inventory.
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which would structure the teaching of scientific topics

and direct teaching activities so that the content of
science would be intefpreted within the meaning and context
of the process which led to the acquisition of that content.
This approach would conform, to SOme extent, to a statement
made hy Tanner: | _ ' . | L o

Ead

If the structure of the discipline encompasses
the modes of inquiry for that discipline, thcory of
knowledge and content cannot properly be separated

- from the teaching process. (117). .

Mokosch (76) carrieqd out an investigation of the
" ) . g
project by comparing four trcatmenf groups of junior high

school students 1n.an attempt to determ:ne whethe& pProcess

in science could be taught by meang of a curriculum operat-
ing within the ﬁramework of the Inven_ggxiand whether growth
along che process dimension could be effectively measured. .

Athough the rcsults of ‘this 1nvest1gatlon dld not show that

. 3

the new method was superior to thc tradltlonal method, it

became clear that methods of evaluation and teachlng along

the process dimension required further 1nvestlgdtlon.'

The work of the first two years which 1ncluded in-

service tralnlng for part1C1pat1ng teachers, the production

of the Inventorv, the appllcutlon of the Invento ry and the
e Y W

_subsequent evaluation of the’ resulting program may be

1

considered as phase I of the project. 7This writer became
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associated with the project toward the end of the first
stage and becamc interested in its furthervdGQelopmont and
the related evaluative aspects. At this time Mokosch's
study was practically COmpleted and, although disappointing

in some respects, gave encouragement ' by show1ng that the

~new approach was at least as succcssful as the tradltlonal

one in most areas. ft was reasoned, therefore, that lf the
metﬁodological and evaluative procedires could be improved
and refined, a curriculum could be produced which would
reflect both the prodﬁct and process of seience as they}are
related within the disciplines.

Accordingly, the information obtained from field
observafions and from»Mokosch's sthdy wege_gsedjiq;the
continuation.of tﬁe Matter and Energy’program in a number
‘of classee and in the adaptation of the InventorxAto a-v
seventh grade Life Science proéraﬁ. The improvement of the
methodologlcal and evaluatlve brocedures became the concern
of two separate studies. One study by David Powley (94)
was concerned malnly with the methodologlcal portion by
attempting to develop appropriate learning experiences
withih the framework 6f the Inventorx The preseAt study
1s~concerned with eva;uating the operational aspects of-the_

_ curriculv~ and the level of achlerement of the qtudent

r
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participants. There was some overlap in these studies so
that areas of joint concern were approached by means of a .

co-operative endeavor.

III. T§§}PROBLEM \

4

Thisbsﬁudy has two main aimsp_ (1) to develop
evaluative procedures fbr a procéss'?pproach curriculum,
and (2) to use these ptbcedures E; ;ain information relative
to the problem of th to teach science so that studenﬁs yill

gain skill-in, and understanding of, the process dimension

>

\

of science. .
The study is associated with the developmerital
aspects of E particular scien.ce program and its evaluation.

Few real manipulative\procedures are possible, br even very

meanihgful, in dealin %with this particulér kind of c¢lass-

‘room research. This is essentially applied research in

which dauaarégathered in a controlleg méhner in an attempt

T : /

to dlsc?ver sngnlflcant relatlonshlps. "In this sense, this
| .

~ study is eXperlmental w1th1n the Heflnltlon glven by

.,

Cattell:.

B

-

~ An experiment is a recording of observations quantitaL

}l'tivé and qualitative, made by defined and recorded

*;3 Observations and in defined conditions, followed by
“'the examination of data by aporoprlate statistical and
" mathematical rules for the ex1gtence of 51gn1f1cart
rela ions. (21)
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Although a curriculum may be specified in advanceé,

. the operational aspccts of tge curriculum would ténd‘to
exeft modifying influences which coulé profoundly alter tﬁe
true nature of the curriculum undcr which the studcnts
actually operated. The problem to whlch this study is
addregsed deals with ascertalnlng the nature of the true -
curriculum and attempting to relate the true curriculum to
achievement levels in the‘process\diﬁéﬁgion. The relation-
shipstbetween the main concerns of this séudx méyibe'illqst—

d

rated by the following model: = - L

Nature of ééch : - <ij4—-——\ ' Compariéoﬁ Amony
Curriculum . . ~T;j—~)> T Treatment Groups

Search for
Consistencies

The curriculum refers to the educatiTndl program

. h B - oo
specified in terms of what the teacher actually had done .
. . . . ) . 7 3 . L) . .
with the curriculum materials and learning aids at his dis-’

. posal. A_treatment'group refers to the students who were

subjected,to the Same'curriculum. Comparlsons among treat-

'ment groups were made on the ba51s of achlevement level§~on

o

a seleculon of téasts. ‘The results of these comparisons were

subsequently related to theipdrriculum;bf each group.

=)
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” This study was carrfed But using siXx treatment

groups of grade seven students defined initially according

“to the teacher from whom -they received instruction. Each

~

teacher subscribed to the same overall behavioral objec-
tives, as Spécificd by the inventory, so thét.the cufricuium

would differ mainly in f.~tors related to teacher inter-

pretation and implementation of the curriculum materials.

- ~

The nature of each curriculum was determined from reports
submitted by each teacher supplemented by formal observation

procedurgs,using an instrument designed for this purpose.

i

Comparlsoa~ among Lreatment groupb wore made on the basis

of tests prépnred, adapted, Qr selected to measure aspects

» ‘.

of the process dimension.*

The comparisons among treatment groups -+ e 'i.de in
o L -

',orderrto determine whether differences appeared to.be-
related to the form of instruction received and/or the
degree to which the form of instruction was consistent with

that”implied by the Inveﬁtorz - It was ant1C1pated that

“when the strengLHs ana weaknesses of eaca treatment group

was compared to the 1n§tructlonal proccdurefﬁsed,'somez

judgment could be exercised about.the rélative éffectiveness

a

d °

f

T *Ccpxeu of orepdxed or cdapted tests are to be
found in Appendlx C.

[\

c
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of techniques and methods used in teaching for process.
2
Definitions

Some of the following terms have already been
defined ‘when they’were first introduced but they are

includéd here with the other definitions for the sake of

%

clarity.

[

Affective Attributes of Scientists refers to per—

sonal charééteristics demonstrated .in common by scientists
as they go about their work and inclided in the cétegories
indicated by the common terms "appreciations"”, "interests“,

o . .

"att1tude~”,."values",and beliefs", and ”adjustments", (81).

Inv nto refers tc An Invento of Processes in
Inventory inventory of Processes

Scientific Inquiry developed<by the Edmonton Junlor High

School 501ence Progect under the dlrectlon of M.A. Nay.

~Lurriculum refers to the educatiocnal Program spec-

ified in terms  of what the teacher acfually had done with

the currlcu]um materlals and learning aids at his disposal.

o . .
. -

\a‘k s
Experlmental Curricu LLm refers to the curriculum

deallnq Wlth blologleal Sscience at the gLQde seven level

which operated w1th1n'thevframesvork of the Inventory.
N\ Sy -
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Curricﬁlum Evaluation refers to all systematic
efforts, including the use and intérpretations of all
instruments ang the allied analyses, used to assess
strengths;vweaknesses,-and'usefulness of the experimental

by

curriculum.

5

ek
3 i a
"'

Inguifz refers to an active form of learniné in
” which the individuai'asks, investigates, and questions as

" he séarchéé for meaning in nature. Inquiry includeé the
éction;vof searching, coliecting and proéeséing éf data, -

discovering, and verifying. .

Process refers to the "doing" aspects of science
and inclydes those procedures that scientists carry out in

their search for meaning in nature. This includes those
. . it

o

procedures as outlin 1 in An Inventory of Processes of

‘Scientific Inquiry and gfy include other scientific proced-

ures not specifically included in the Inventory.

"éo—operative Sciénce Test Score (COOP test score)

refers to the'number of items a student had correct orn the.

~~Co-operative Scicnce Test - General Science - Form B.

HIFAMS score refers to the score obtained on the

'

How I Feel Abocut My Schcol attitude test, -
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> Process of Science Test score (PST score) refers
I

to the number of items a dtudent had éorrect‘op a test

~ . .
a student's knowledge and understanding

designed to measure
of the processes of scientific inquiry used in two filmed

episodes.

Science Reasoning Test score (SRT scofe) refers to

the number of items a student had correcf on a test designed
) : ‘ ’ { )
fo measure a student's ability to recognize the processes of

‘'scientific inqguiry. and to utilize these processes in a verb-

ally simulated situation.

TOUS score refers to the number of items a student

had correct on the Test On Understanding Science - Form eW.

DENEIE

“Inquiry Efficiency Test “score (IET score) refers

to the score obtained on an"adéptation/of the TAB Science

Test.

Hypotheses

The testihg of hypotﬁésés was cbnsidered to bé_the
prgliminary ﬁhése of th;;.parﬁiculér §tudyl?ﬁd not an end
in itself..‘The main pﬁrpgée was tq relate tﬁeatmént proced-
ures to student abilities and charaéteristics as estimated

‘ . . - N . - . .
from a- number of instruments including those whose scores
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are defined above, e -

groups in the fOllOWlnq areas: (1) knowledge about SC1ence
and soientists (Tous), (2) . ablllty to engage in the pro- .
cesses of sc1ence as 1lsted in the Inventorx (PST and SRT),

and (3) ablllt& to'select questions whose answers are most

achievement. -~ o - S .

Hypothesls 1.0 There will be no dlfference among the means
of the treatment groups ‘in the scores on
the HIFAMS attltude test.’

the Inqulry EfflClency Test

l 3 There will be no dlfference among the means
.of the ‘treatment groups in the Scores on
the IScience Reasonlng Test. S

!

1.4 There will be no dlfference.among'the means
- of the treatment groups in the pretest
Scores on the TOUS
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Hypothe51s 1.5 There wrll be no difference among the means
: of the treatment groups in the posttest
, . Bcores on ‘the TOUS.

In accordancerWith the assumptions behind
the constructlon of the various tests, 1t was consrdered
- essentlal to allow for 1n1t1a1 dlfferences between groups'

by the use of covariate control. - This led to the testlng

- of. & number of further hypotheses- T

'3

Hypothesis 2.0 There will be no difference among the

‘ ' adjusted means of the treatment groups
in the scores on thespsocess of Science
Test using the I. Q.)Bcores and COOP
"scores as covariate -

2.1 There will be no dlfference among the
- adjusted means of the ‘treatment groups.
in the scores on the Inquiry Efficiency
‘Test using the I.Q. scores and COOP
scores as covarlates. -

2.2 - There Wlll be no dlfference among the
adjusted means .of the treatment groups =«
: in the scores oh the Science Reasonlng '
- ' Test using the I. Q. scores” and the coopP
scores as ﬂovarnate o : ;

2.3 There will be no dlfference among the ,
adjusted means ofﬂﬁhe treatmént groups
in the posttest Scores -on the TOUS using
the I.Q. scores, the COOP scores, - and
‘the pretest 'scores on the TOUS as

. covarlates. g SEeT

By means of an instrument specrflcally prepared

and adapted to make controllea classroom observatlons -tWo_
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Judges obtalned 1nformat10n Wthh was used to test one

further hypothe51s- L ‘ : -' y

/

Hypothe51s 3.0 There will be n dlfference between the
teachcr s per eption of the science
K : process he is emphas121ng and the ‘science
e pro ess he i actually emphasizing.;
C . L . ‘ ,

F‘Delimitatrons
» l;'Theisample used in this study was;compOSed of grade
seven students in the Edmonton Publlc School system.v
é,fThe achlevement tests used in this study were
ddrected melnly at the process aspects of 501ehce.
,:&o 1mpllcat10ns abput the relatlve effectlveness :
;.of the varlous.treatmentg for content\areas.can be
| 1mp11ed. )
F%.;Thls study—represents the effects of the varlousb
Ltreatments over a perlod of aporoxrmately four“
‘months.' Magnlflcatlon'or dlmlnlshment of dlffer—

ences could occur 1f the tlme perlod was extended

or dlmlnlshed

!

Limitations'.' f”-ﬁ» o ) I : ;“ j
-The main- concern of thls study dealt ‘with- condltlons,.”
as they actually eY1sted so 1t was necessary and des1rable

to use 1ntact classes Wthh obv1ously makes any assumptrbns\_;_;\;

ke -
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of randomization untenable.‘The samples were considered
to apprOXimate random samples'of‘the population of all
students (past; present, and future)'of each individual
‘teacher. Associated with applied research of this'type,
there is the necessity of obtaining the whole-hearted
. i

Support of the school officials and participating teachers.
It was therefore eSsentlal to keep testing procedures with--
in the bounds of the normal school routlne.

The conSLderatlons as outllned in the preceding
paragraph p01nt out two major 11m1tatlons. Plrst “the
groups cahnot be con31dered to be random samples of the

e

: present junior hlgh school pOpulatlon and second, the test

< 1nstruments which were used would form a limited. sample of

"testlng lnstruments.

| A further lrmltatlon was the assumptlon that the
Inventorx was a valld descrlptlon of procedures carrled out-_
-by sc1entlsts as they go about thelr work Thls assumptlon
was - consldered to be quite tenable but the 1nterpretatlon
~of the Inventorz by the 1nd1v1dual ~teacher was con31dered
to be another varlable whlch requlred examlnatlon. ThlS

'meant that the treatment varlable for each group would have

to be categorlzed -and labelled in accordance with a
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sampling obtained from repofts and observational techniques.
\

III. SIGNIFICANCE OF THE STUDY

Redent attempts to p%oéuce curriculum materials
seldom considered including proVision for change yithih the
curiicﬁlum itsélf. Some of théée\maéerialé have embhasized
the processes of science ﬁﬁt after an initial testing per-
iod, almost invariably these ma;efials ¢rystallized into
“ bound volumes'whichiarg difficult to reyise or adépt;to
- changing conditiéns. |

. : _ ‘
If the use:pf»th¢.Inventorz can be made to function
. so that individual initiatiVe and creativity‘;an,ope;ate
within its frameWork, then it’may be‘possible to construct
a'ffui§ Qiable Cur;iculum. This woﬁld meanbﬁhaﬁ'thé/curric—‘
uluﬁ wéuld'have.fdrm and structu;e, as‘detenminea by its , |
frameQirk, to direct the study of the subject mattef. The
"doubf cOmpdneﬁﬁ;, inhérént in any.science q’urée téught

-

Wit in'fhe framework of the’Iﬁventdfx;’would ensure that
the subjeét matter or céntént be open to_chaliengé. in
essence, revi;ions‘and_adaptatioﬁs would fofm an expécted
and essential-pért of’the gurriculum.

Although there is general égreémént tha; some

!

~science teachers are more successful than others, little is

g
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known, in terms of specifics of what teaching behaviors

produce certain results in students. Further information

. / . |
in this area is essential in order to produce a sort of 0

"science- of science teaching" as opposed to the recipe type

of methodology whic s often in vogque.

o
Educators ha e iticized testing procedures which

test mainly the lower ~rdeyr categories (as ciassified
accoréing to Bloom's taxonony; but the problem. of classify- -
- ing test queétions is practic%l-y inéolvable if: "It is

) . ‘ -‘. LT
necessary 1n all cases to know or assumé& the nature of the

examinees' prior educational experience." (13).
;T 1 : ' ’ B |
f . This writer is inclined to the view that the above

quotatibn does not go far enough. ‘Not only must the extent
. . . . : .c'.“ \

of the gxaminees' educational é;Perience be known,'butﬁélso
‘their.knowledge;'skills and abilities as :gained from éll of
their experiences. Because of the interdependence oﬁ thé
classificatiqn ofvtesi questiong and ﬁhe,nature of" the

examinee's prior educational experience; no single “correct"

-

classification, wnich includes the higher order categories

of mental activity, wOuld‘be‘likely to exist. A question "o
which could be classified under the analysis of relation-

shipé for one student might be a pure knowledge question.

for‘anbther, and so on. It foilows, therefore, that an
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[

individual teacher would experience a great deal of Jdiff-

iculty in pPreparing test questions 'which would assuredly

' £ K
test for higher order categories of mental activity.

When the brocess as well as the product of science
is emphasized, the difficulty’experienced in the classifica-

tion of test questions could become even more complex. For

example, if eaih of several students carried out a

scientific investigation, one imight hypothesize on the

basis of previous knowledge, another‘by using evidence from

>

the investigation, while a-third—ﬁight arrive at a reas-
onable hypothesis by means of an intuitive guess. As

testing procedures should correspond- to the learning

et

situation, the problem of the classification of test
QUE°thHS may not be crucial in process type tests in

Wthh students are expected to perform and demonstrate -

their skills and abilities in real or simulated scientific

) .
{ . /
. - . i

investigations. This emphasizes. the need to investigate
ways and ‘means of designing testing procedures suitable
for igroups in which the problem foci make.use of stimuli

which closely resemble real situations in a scientific

investigation. . - : : /
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CHAPTER (I

REVIEW OF RELATED LITERATURE

The literature which was consideréd pertinent to
this study may be divided into three main classes: (i)
consiqerétions felated to the rationale of the Experimentai
Cdrriculum, (2) evaluatioﬁ in Sc;ence Education with

emphasis on the process dimension, and (3) techniques in

. ™~
classroom observations.

I. CONSIDERATIONS RELATED TO THE RATIONALE .

~

OF THE EXPERIMENTAL CURRICULUM

A. Introduétibn

5 The need for refo?m in scienée educatioh‘wéé made
quite evident by,thelout—of-daté content of high sch&gix
courses of the early-l950's ahd, asva consequence, a pumbef\\\\
of courses suéh as ESSC (Physicél Sciéncefﬁtudy Committee,
CHEM Study'(dhemical Education Materia Study) , and.ﬁécs -

(Biological Science Currlculum Study) ere developed. These

courses were de51gned by scholars in th partiéular_

 disciplines with the cooperatlon of teachers and were

flnanced by the Natlonal Science Foundatlon (NSF) who Seemed;

to have establlshed the crlterlon that NSF flnanc1al support

would go mainly to projects wh;ch were dlrected by = -

e, .
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i

scientists'(84).' Whatever. the pblitics behind the funding,
the'schblars‘were concerned with the presenmation‘of the

structure of the disciplines. Ostcnsibly laboratory work

.

forms a large part of these programs and the spirit of .
{

inquiry is emphaSized Laboratory programs introduce the
TN
concept of "Uncertainty" and are designed to show students

o

that the findings of SCientists are subject to .change,

Such changes are dependent on the discovery ‘of new evidence

Q

and could be interpreted only with refercnce to the preCi—

sion of the instruments which were used "Science was thus

-

wpresented as a search for explanations rather than a collec~
tion of hnown empirical truths. Essentially the}séientists:
seemed convinced,that'one of thelWays'for a student to |
understand science was to have’ him carry out investigatio?s
in a manner somewhat Similar to that of a practiSing SCléQf.
tist _For.example; students in the PSSC course were

expected to use Simple laooratory dpparatus to discover
~ / 3
vsuch things as; the nature of wave motion the properties of

vector quantities and Newton's Laws of Motion; and Gaﬁrge
/

Pimentel in referring to° the laboratory actiVity of the

[¥] 4

hCHEM Study course stated: "It permits you to engage in

S

SClehtlflC actiVity and thus to spme extent to become a.

g scientist yourself“(92). _ }'1' S s
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In retroaspect, these\courses reflcct :d the concern
A

of scientists that stadents acquire meaning from their

studies and activities in the field Qf science. 1In this

[
3

one aspect, at least, the courses represent not so much a
change in the basic aims of science education as a challenge

to‘What constitutes meaning within a disciplinei

This -concern for meaning is not newj John Dewey
(29) had emphasized theroleofcparticipation and activity
in producing meaningful leerning;ﬂ ﬁis cohténtion‘thet'con—
crete empirical experiences have meaning for children who'

may not unaerstand the manipulation of a corresponding
\ =~
\\abstraction has been demonstrated by Piaget (90). Holt

(52) cautions against haVing children manioulate symbols .

.

Whose meaning they did’not understandci'This Holt‘suggests,
tendSTto have a negative_effect and‘childrenobegin tc feel
that eil symbols are,meaningless. | |

| | ifveducation is a séerch”fon meening, some consid-

'e;ationfmust.be given to the developmental level of the

4
N

students, the problems of sequence, and-the importance of

struCture; ,These implications follow '+ appear to follbw.
. A 0. / :
from the work of a large numﬁer of learning theorists. of

C e

particular 1nterest because &T the applicabrlity to a

“junior highﬁschool curriculum, are'the work of7Piaget-in
T : SN - o T



26.

. ¢ f . ) .,v ’ ) ’ . . K ‘
developmontal,psycho]ogy, that of Gagne in considerationd-

ES

of requtncq, and that of Aruner in discovexry lnarnSng and

the importance of structure.

(-]

B.h Developmental Theory'andAtheVImpoftance of Structure

)

' . Piaget, although prlmarlly ‘a developmental psychol-
Ongt has cngagcd in theoret;cal and experlmental

‘hich have had profound implications for.

investigations

education. e invariance_of stages of intellectual

vdevelopm nt is a particular theme which may ha®e been

m1s1nterpreted _ Plaget 15 adamant about the existence of
‘stages but mdintains that-good pedagogy can have amr effect
)
on this development. Thig is'implied rather than‘belng
Qyt :

stated expllc1tly, in much of Plaget's wrltlngs és it is .

.

1

in the,follow1ng.quotat;o;?\"ﬂ
If there are, in caUsality, signs-of a structure
which' eludes empirical explanation, it will have to
"be-admitted that this structure is plastic, and thls
leads us back once more to the hypothesis of an aSSlm—
‘ilation of external objects by the\organlsm such
that the. objects modify. the organism, and 'suchk that
the organism in its. turn adapt things outsxde to its
own pecutlar structure (90). S

'Evidently, since pedagogy concerns 1tself with the prov151on

of an envlronment con51dered to be most Sultable for learn-;_

-ing and 1nt511ettual development, the degree to which

suitable "external objects" are made available must surely”“
‘ . SN _

- 4
. o B

S
24
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influence the development of the "organism".. Inhelder and’
Qiaget (55) are slightly more explicit as.they illustrate
by detailed considerations of the actions cérgled out by
‘the subjects and the <lassification of these actions by
inferring whethortthe action wés-modified, that aithough
discoﬁtinuous phasés may be inforred, tﬁé brocesses which
{
engender these phases are‘coptinuous; Thus each'sgccessive-
phaso’fg consid ‘ed to be most probable'because of the
}esults of the pfeceding phase' Here pedagogical technlques
may be brought to bear dlrectly upon the production of
results considered to be essential to advancement to a
desirable successive phaoe. |
Piaget{s olassifioation of the stages of intellec-
tual - development may be summarized as follows:
I. Sensori;ootor (ages 0-2 yeégs)

) II. Pre- operatlonal (ages 2-4 years)

IIi. Intultlve pperatlonal (ages 4-7 years)

.IV. Concrete operatlonal (ages 7=~ 11 years) B

V. Formal ‘operational (ages 11-15 years)

Only the latter two étagés above are of much concern: to
teachoro at the junior br senior high échool Ie&el

Although Piaget: has 1nd1cat°d that most Swiss

&

J
Chlldren sdould becomntformal operational and be capab7e

._< ‘...‘ /'/

,
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of abstract reasoning at between eleven to fifteen years
of age, this isnot necesserily t;ﬁe of North Americeh
children. Friot‘(37) found thae 82 per cent of eighth and
,hinth‘érade childﬁen were SFill concrete operational and
_MeKinnon ;;d Renner (70) report that'fifty per cent of'é
sample of‘stﬁdents entering college were operating at the
concrete operationel level. It cannot be assumed therefore
that‘Canadian jﬁnier high echool.students have brogressed‘
much 5eyona tﬁe-concrete operatiogal'levei. ‘
During the concrete Ope;ational stage the child
aevelops a formIOf“reasoning ab;lity; He is able to‘classf
ify.ebjects, arrange'them in serial order ana acquiresA
gonceéts such as.the principle ofqreversibility_pf operaf
tions. The reasoning'abilitygat thisvetage;is épplied'to
concrete physical situetions but cannoe‘be‘applied'logic—
ally on a purely symbolic levei. Thie does noﬁ imply that
chiléren in the concrete operational'staée lack the
abilities to hypothesize or to Aeke reaéonable inferences
but rather»that'Ehildren in thisvetage.of development are
unlikely to demon;trate these abilities in the symbolic
abstractions ofalanguage'or matheﬁatics.
| In e grocess-approach cur£iculumi thelprinciplesf

¢ e

involved in ‘the more abstract reasoning of actual scientific
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investigations could be consciously programmed intonstudeqt
. . . ! . ‘
investigations. The actual manipulation of concrete

i .
objects in which hypotheses are generated observations
carried out, and 1nferences made should be. central to thlS

currlculum. Mental "structures" cannot be considered to be

rigid and the assimilation of input must produce a modif?—

ing effect so that the individual can adapt closely fitting

K

input to his own particoiar‘mental structure. Thewactive
_part1C1patory‘nature of a process approach currlculum makes
1t more probable that the need to resolve logical 1ocon51s—
tencies results from the childﬂs own actions. In this
manner'%ntrinsic-motivation is'provided and successfglr
- resolution of the inconsistency might weil represeot an
increment in cognitive growth.t

Bruner (16) recognizes the exrstence of Plagetlan
stages of development and'proposes that instruction can be
designed tb match;the structure of‘the'subjeot_matter to
the‘child's characteristic way of viewing things. He
formalizes_his ideas on_instrgction into the following‘four
theorems:

/

- 1. A theory of 1nstructlon should specwfy the exper-
o iences which most effectively 1mplant in the
1nd;v1dual a predisposition toward learning.

2.'A theory of instruction should specify the ways in
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which a body of knowledge should be structured so
that it can most rea?ilY@be grasped by the learner.

A theory of instruction shou1d specify the most
effective sequence in which to present the material

to be learned.

A theory of - instruction should specify the nature

-and pacing of rewards and. punlshments (16)

. The "act of discovery"‘islgiben an- important.role

|3

by Bruner - (14). He hypéthesizes that learning through ones

‘own dlscoverles could produce the folIOW1ng beneflts-

/ l-

The learner would acqulre lnformatlon selectlvely

. so that it would'be more viable in problem solving.

2 .

The :learner would achlevc‘gratlflcatlon because the
act of discovery would satisfy an intrinsic need to
deal with the env1ronment.

! »

' The learner would dgeneralize from the effort of

discovery into a state of®inquiry which would be

applicable to a variety of_tasks.

f

‘The lealner through’ discovering information for

hlmself would retain the information so that it

would be more readily accessible in memory . (14)

He con31ders any domain of knowledg° to be of such

nature that it could be putvinto a form which would bg

understood by the indibidual learner. This féfm and’

represen
learning

would Qa

enactive,

e

tation would be adaptable to the individual’s
ébility. . It is-assumed that the representation
ry from the concrete to the abstract, namely, -

ikonic and symbolic. . Implicit in Bruner's theory
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are-considerations. from developmental- psychology such as

that illustrated by Piaget. The mode of problem solv1ng

'would be\addpted to the 1nd1v1dual so -that abstruse con-

cepts could be presented u51ng a representatlon sultable

-

,fon‘the partlcglar<stage of development..~Theseuprocedures
mey be Questienable in some inetances bﬁt.the belief

that approprlate lnstructlon eab effectlvely increase’ the
;number of people capable of attalnlng‘mastery of a body of

_knowledge has been substant;ated’by Carroll (20) and ‘Bloom

'
i

' (12)-_
" Bruner's classification of the form‘and represénta-
‘tion of knowledge into enactive, ikonic and symbolic

eategories parellels;en-approach which could  form an

iﬁtegral part.-of a proce5ﬁ§€riented‘curficuIUm, The
activity involved in'the laboratory and in field trips

could form anlessential~part'ef the instructionel.sequenee,

particularly’for_etudents'at the concrete operational level.
. ’ - . . -~ ". . F -.- ‘
Acﬁgal experihentation could be supplemented by "vicarious

”eXperimentation" involvihg such things as the results .
~ obtained by classmates, the use of suitables case histories

"of eeience,vand the'uee-of‘qUestiOns of the, “Whéﬁ wduld

‘happen if . . . ?" variety-applied to procedural changes -
in feﬁiliar"leboratory investigetione.f_Finally,”provisions'

N R

S
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must be made‘within & process approach curriculum to allow
for degrees of sophlstlcatlon in deallng with the processes.
Althodgh many students could'be_dealing adequately (for
them)lﬁita the~processes at a concrete operatiohal level,
those Studeatstwho'were.capable of deaiingVWith abstractions
'./fmust be aliowed}scope and_opportuorty for'therr talents.
- - ‘Brunerfs conceptroafof’diSCOvery 1earning is quite
"compatiﬁlefwith‘some’dedree:of formalism‘in the instruc-
tionalnsequence. He‘interpretsldiSCOVery under the
foilQWipg‘assumptios:" ‘d
.1. . discovery . .. 1s in 1ts‘essence a matter of
rearranging and transforming evidence in such a way

.. that one is. enabled to go beyond the ev1dence so
- S reassembled to addltlonal new 1nsrghts (14)

‘Conceivablx, the formallsm suggested by thg,four.theorems -

of instrdction'would guide-disCovery learning with consid-

erations related to the-structure'offtﬁe subject‘matter,

'the:sequence of presentation, and the selection of student

investigations in which the chance of success (reward) and

o

,failure (punishment) would provide incentive to further

learning.

¢. Scientific Inquiry and the Process Approach in Science

L

Teaching -~ . =
2 ~ Usage.in the literature suggests no clear cut
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A

dlstinction between discove;y”leanning and inquiry. For
'~ the sake Qfxclerity, the'tenm inqnirylwill be coneidefed
here to be Sim!lar tqjdiscovery leerning in that botn search
for truth'of knowledée but only inquiry_must alwaye ne
concerned with metﬁods and teehniques'ana‘ﬁhe‘associatEd
'bounds of the ensulng knowledge In ﬁhie sense Brunef's.
(14) "Ins1ghtful Dlscovery" or Stotler s (114) "Discevery
Approach",could be inquiry for some students but noe.
. necessafily for all. | |
In prabtibe, discbvery'learning'hadesoﬁething of a

bandwagon effect with:meehods;varying'from relatively .kk '
unéuided’eituatiOns to‘situafionsnin wnich inquﬁry had
'direction.and foehe. AuSubel.(S) Seriously questions the
use ofAdiscever; techniques and eondemns”them as belng
westefulﬁln sone-instanceé.i Newton (83) questiqns whether
inquiry teaching ie necessarily sound'pedaéegy.-'Aléhough'
he doee not suggeét that inquiry teédhing shoﬁld be abanf‘
doned his tour: of thlrty five colleges in over twenty
-states left him w1th the 1mpre551on that: . , ";

'If science teachlng in. the’next decade is te be honesf

to the discipline, 1t must resist the spirit of '

evangelism for 1nqulry teaching and return to a more

balanced view of the natyre of science and the nature’

‘of the learner and their 1mpllcatlons for. science

veducatlon. (83)
§
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Schwao,(104) wou ld agrec at least partly with Newton's
- obsernations but he does see merit in the proviSinn for
practice in 1nqn1r§ in the laboratory or classroom. Gagne
{40) sees some leltatlons to the value of such-practice

‘and suggests that practlce in anulry prlor to the student s

'acqulrlng of adequate prerequ151tes 18 not likely to be
beneficial.

Suchhan (115) indicates that inguiry may be divided
into the actions'of searcﬁing, data processing, discovery,
andlverification. In the Inqulry Tralnlng Program, he ang
his colleagues attempted to relate the foreg01ng actlons
of lséulry to a techn;qne which would make the individual‘
-more auLonomous in 1nqu1ry. .Suchman attempted to assess . -
student grow*ch in the aolllty to enquire by using tec.hnlques
related to the verbal 1nt¢ractlon between the teacher and |

(
the'pupll. Although some/of the processes of sc1ent1f1c

inquiry correspond to. tne."actlons of 1nqd1ry\ the Inquiry
Tralnlng Program tended to concentrate on vernal behavior
assocrated w1th selected 1nvestlgatlons.°*zh splte of the
llmltatlons 1nherent 1n “the program further‘ev1dence was
added to the followrng bellefs- |

1 Chlldsen do not au*omatlcaliy discover kno&ledge.

which leads to understandlng, i.e. some "stage ,
setting"_by teachers could be benef1c1al and, even

‘necessary at early stages.
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2. It may be p0551ble to train students to become more
'prof1C1ent in inquiry.

3. Although inquiry behavior may be complex, efficiency
in facets of 1nqu1ry may be approx1mately measured

Schwab (104) edvocates enrapproach to science teach~
ing in-which its materials would-exhiblt Science as enguiry
and would\lead‘students.to enquire into these materials.
He'suggeste the uee of materials such-as: (l)‘original'
research paperg traneleted into idiomatic expression where
necessary, (Zfd"NarratiVés cf enquiry" in which the deta and
iuterPretatloﬂs»of the . tietS»are described eo’that the .
conclusions of'the.epqull, are illustrated es formulatione
of the evidence possibly leading.to further enquiry,'end
(3) "Inv1tatlons to enqulry" Wthh pose problems relatlng
to the suBJect matter under study in order to supplement

the subject matter coverage by questlonlng unexplalned terms-

and hints of dogmatlc assertlon.

Although Schwab advocates an enquiring classroom,
) ‘ . i . N ‘7 .‘ . N ‘:\sw
he denigrates two tendencies associated with some of the

process oriented curricula. Onée tendency is to convert

science classrooms ‘into miniature research laboratories

where techniques are learned and data collected yet the,

,problem under 1nqu1ry is treated as somethlng given and the

o

.problem of 1nterpret1ng the data is av01ded.' The”secbnd
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tendency is to divorce process and content and "treat them
both as orthodoxies by a rhetoric of conclusions® (104) .
Schwab's view of inquiry may bhe summarized by two of his own

statements:

l. Treatment of science as inquiry consists of a:
treatment of scientific knowledge in terms of its
origins in the united activities of the human mind
and hand which produced it; it is means of clarify-
ing and 1llum1nat1ng scientific knowledge

2.. Each (inquiry)-arises in relgt;on to a specific
subject matter and the essence of each lies-in its
own substantive conceptions, its own data, and its
own questions asked and answered. (104)

"Here Schwab is in agieement with Ausubel who condemns the
two, practices of assuningfthét'students can learn science
effectively by‘playing the role of "junior scientist" and

suggesting ghat there is a method of scientific ingquiry
. _ | y o .
applicable to all scientific disciplines.

Parker and Rubin (88) See process as content and
£

argque that precess should be the cent;al'link in curriculum-
design. They consider that knowledge, when linked to

process, would be dynamic and that the elements of proceoss

i
S

would be vital to the learning situation. The requirements

- for a process based curriculum, as seen by them would:

_ I , :
.« « . deal primarily with the identification of wor th-
wvhile processes to which students’ should be - exposed
the design of 1nstruct;onal strategies that make-
effective use of the processes, and the realignment
of subject matter so that it conplements the 1nstruc—

tlonal strateglos. (88)
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Althonqb they lﬂa]St that each of tne requirements
reflect the character of the discipline or disciplines . .
under‘which i1t operates, their point of view differspfrom
Schwab's, not only in;terminology but in fundamental
approach. lSchwab‘sees process and content as interdepen—l
dent. .Eachdinquiry,éand hence the processes related to tnis
induiry) would arise in relation to a specific subject |
matter. Parker and Rubin would select'processes into wnich
subject matter,'retooled if necessary, would be fitted.j
Neither‘Schwab or Parker'and Rubin'(88) make much reference
to‘implications from learning theory although.Schwab does

, . . ~ v .

suggest that learningitheory was not sufficient because of
the nature of modern disc1plines; ‘Gagne (42), however
related his 1earning theory directly to an anaiy31s of the
processes of science as he assisted the American Association
for the Advancement of SCience in producing what appears to
have become a relativeiy successful elementary SCience :
curriculum. o

Gagne’(4)Thas'effectively;used task analysis as .
the basis for proyiding efficient training sitnations. He
emphaSizes the 1mportance of structure but considers that
the best known principles are 1nadequate in deallng w1th-

training 51tuations.' It is generally conceded_that learning
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involves grecator complexities of cognition than does train-

ing. Glaser (4) differentiates-between tréining‘and~

education. Training, he maintains, tends toward a Z?ecifiq
. . 3 ' T
competence and specific objectives as opposed to thé broader

&

objectives of education. In one sense, training and educa-
tidn are opposites in that training seeks uniformity While_

education attempts to maximize iridividual differences by

.

L

, discoverﬂng/and releasing individual potentiel.‘{ : ;o

«

. , . .
Gé@ne (40) devotes an entire volume to set out his
vieWs on.the conditions. of 1earning. Eight kinds of learn-

ing, formlng an hleratchy from 51mple to complex are

; 1

identified as follows: signal learnlng, St1mulus~response

‘learning, chaining, verbal-associative learning, multiple
discrimination’, concept‘learning ang probleﬁ'solving. He -
admits that there may be other categories but his-elassificae;

3

tion involves the proposition that transformation procedures -

may be designed in order that a student may_moVe from one

-

level to a hlgher level. o “ ) .. — N

-
?

Gagne suggests the p0551b111ty of plaKtlng a

fe3

sequentejof'lnstructlon within content ateas. Thls wegld
be- done by analyzing afgiéen objeetive bf'learnihg in erder
to determlne what its prerequisites must be and then mapplng
out a sequence through which the student would attaln

N

mastery of the pre;equlslte capab;lltles. A;te;nate,routes-‘

9
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would 'be allowed but the mapping procedure would ensure that

t
- T

no prerequisite capabilities would be omitted.(4bL' The fore-
going procedure is readily recognizablé in the AAAS program
which has the followihg five‘basic agsumptians, inherent in

"its design:
1. The behaviors of scientists at work, however
complex, are analyzable into simpler activities.

2. The prdcessgs of sciqué are.highly.generalizable

across scientific disciplines., - : -
3. The pfoCesses of sciencé may be learned and it is
' reasonable to begin with the-simplest ones and -

build the more complex ones out of them..

4. A reasonable sequence of instrué¢tion in process .
skills may ‘be designed for children beginning with
the simplest ones and’ continuing in hierarchial

*

fashion to .the most"comple&..

5. At the end of”ﬁgg instruction the student will
' 'have,acquired/process,skiils'which are broadly
transferrable across scientific disciplines.

The AAAS program called Science»- Q'Process-épproaéh

attempts to build procééq or inquiry skills in an hierw

1
[

archial or sequential mariner but content seems tp be . - -

incidental to prbceés. Whéther séructuraily’organizéd kééw-;
ledge will be aCQuiied efficienﬁl;:with éhi%'apprbach§may

bé open to‘sbme'question but'Gagné'recoénizés:the'impértance_
of this.typé of ;earhing asAif félafgs;tb fdft@eg'leérg;gé"‘

.o@

as'he states:

To be an gffectiVe problem‘§plver,Athe‘individual must
somehow, have acquired mzsses of structurailygorganized
knowledge. Such knowledge is . made up of content _

~ principles, not euristic ones. (40)

>
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» ’
“ ' Gagne (40) considers that the ablllty to cngagv in

\\L . IS

<c1ont1f1c enqulry is one of the most essentlal goaIS\of

science in.truction put‘considers that certain kinds of

¢

"performance capabiljties or competencies are fundamental to

learning abdéut science. It would appear that the somewhat

1nc1dental nature of content in the AAAS Drogram stems

lalgely from the belief that competency in process skllls

3

such as observ1n%%gcla551fy1ng, quantlfylng etc are pre2

3 o, .

lequisﬂtes for acqulrlng an understandlng of 5c1ence

The.AAAS bProgram, -as influenced by Gugne’s learning'

theory, may‘repregéntﬂan advance to a sort of instructional
| .
. N l" . . i

technology. Objéctives are defined in oberetional terms,

-

Processes are bkoken down into basic skills and- arranged

3 ‘ . .

'in hierarchial order_with their inter-relationships

be»the spurce of its mgin strengths and could well contribute -

illustrated,-and testing procedures form-an-integ&él part

- N o

of_the program. The organlzatlon of the Program may- thus

"3
At

to-some p0551ble weaknesses., On, the pos;tive’side the

development cl orocess skllls and abllltles are not left

RS
&

‘to chance and students are. glven an opportumlty to develop

- and practlce these skllls by part1c1pat1ng in laboratory

.

.experienCes._ On the other. hand the use of processes

, usually @m sxmplf g,o,,iomplex rather than in terms of need

uﬁ

o

/
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for a.parffcular'inve§tigation would do little'to acquaint
students with the nature of science.‘ Associated with this
sligﬁt:tenééncy of the;AAAS program to;sepafate process

from meaningful content there ié some tgndency to depend on-”’
the satisfaction acﬁieved;from aéquiring skills as prac-

tically the "sole basis for intrinsic motivation.

. D. - The Edmonton Junior High -School Proce§s—ApproaCh Science

) . Project '

Tﬁe Edmonton Junior High Séhool Process-Approach

o e

Science Projepﬁ was - initiated in 1965 to d&velop'a threé
year ‘'sequence of science courses. As reported by Nay (80)

this project is based'on the following four,ﬁajor beliefs:

°

¢ l. Science knowledge or content-is of primary import-

ance in the science curriculum and dictates the

hproblems to be investigatéd and concomitant

-~ strategies of inquiry to be utilized. ~This'is the

Q o

'pésiﬁ}oh takeﬁzby:Sch~;b (103) épé content is never
‘ &/ usedisimplfpas a vehicle fornthe learning Of't§i|
prquéses'of sciéntifié inquiry..‘
2, Bruperﬂs ébntegtioa that ". .. . sﬁbjecté‘have a fund-

amental structure that is basic to effective i;

“

learning and must therefore be central to teaching.",
is a sound idea. JBttention must be -directed. toward

j T ‘ | : ,
v -

o : M 5
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the emphasis of the fondameptal concepts of a given
science and the organization of this scienceh
- knowledge.
3. The activity of scieotists ¢an be broken down into
simpler eotivities ot ptocesses. 'There are general
ptocesses.common to tﬁe work of all scientists but

St

each of these processes is applled Only as dlctated
g i
. by the problem being res;arched in the. dlsc1p11no

?.“The intellectual actlv;tles'of scientists can be

iearned by student%iaod an instructional sequence“

must be designed for this‘purpose; -This belief is
" in agreement with that of Gagne (42) but the 1nqu1ry

act1V1ty 1n the Junlor hlgh school courses 1s

a

dlctated by the nature of the 'scientific problem.

oelng studied and Fempered by factors‘relatedﬁto

the developmentai 1evel of students and the educa-

tive process. |

Mokosch (76) adopted the postulate that it was
.p0551ble to 1ntegrate the processes of science’ 1nto a
science course by superimposingxthe Ihventorx:upon manaée;
_able.onits of the science oontent. Mokosch hypothesised
that students who studied science oontent‘into wﬁich the

-

processes of science, on the basis of the Ihventorz were

-
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oonsciously integrated,'would.achieue greater grOWth in the
‘prodess dimension than studehtslwho studiednscience in 'the
tradit;onal hanner. ~

Mokosch stuéied this problem using a sample (h=668)
"divided into four treatment gtougs‘as.follows:,

Treatmént A (N=172) Studerits in this .group were taught

o by teachers who were familiar with the Inventory
and .its purpose and used’ptepared materials in which

content and the associated processes were integrated.

Treatment B (N=213)'Similar to Treatment A exce « hat

-

teachers in this group.received no special instruc-
, , v ‘ o
tion relative to the use and purpose .of the

Inventory."

Treatment C {N=213) This group may be considered to be-

the{control group forlghe first two experlmental
Groups. ThlS group was taught the same content as
Groups A and B but teachers taught the material’ 1n
~their own way. "3W-~ ‘*:';ﬂ: _L e .

Treatment D (N=l42)'This group was apparently included’

malnly to check for effects of teotlng and matura—
tion. Content covered by thlS group was only
0

incidentally, if at all, related,to administered =

tests.

LS
A
S
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The evaluation wasfc?rried‘out using a series af ”
film loops” followed by multiple choice items designed"tb

measure‘student undefstanding of the pnecesses of science.

",;_ .

The £film 1oops were graded into. three categorles contalnlng |

[

‘three film loops each as follows-'
I,iFilmedrepisode'depicts processes of scientific

enquiry used in an investigation actually
. U ' :

conducted in class.

| o . ' ,

II. Filmed episode depicts processes of scientific

enquiry’in a situation quité similar to that

performed. in class but not identical to it.
. ’ X " ' : . ) . ‘ ‘ )
- III. Filnigd episode depicts processes of scientific .

6

enqu;ry in a content area not directly fe ated.

to area under Study. | |
Each'set of film loops and the associated multiple cHoice ,
Etems formed & pfqeess measure test &hoSe.score was:si ély

-

. the number of items a student answered correctly. RS

[y

Mdkosch used the pretest scores:on the total proceks

measures and the COOP Science test scores as covariates to

obtain the following somewhat anomalous{resultr

The grdup'receiving no art*cular process emphas1s in
their instruction attained.a higher degree of under—
standing ‘of processes of science, as measured by the

_ total process measure,  than the groups which’
spec1f1cally concentrated on the processes of scwentﬂhc
1nqu1ry. {(?5) ' -

N
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This result would suggest that either the Process

5

Measures used were 1nvalld or the tradltlonal group received
1nstruct10n whlch was superlor to the 1nstruct10n recelved
by the experlmental group. The - latter alternatlve is not

to be rejected because as far as lS known .to this I

researcher no best way: of teachlng the processes of

»sc1ent1flc inquiry has ever: been devised. The teachers 1n

'the experlmental group were relatlvely 1ne¥per1enced in a o

{

new approach and possrbly unsure of themselves. This may
- ‘ T ‘J"

s

e

have had some negatlve effect on their- students. " The

;tradltional group had no such“disadvantage as the teachers
" ' _ ' . ‘ ‘
: had_complete freedom to devise and,adapt-instructional

!

methods whlch they were- convrnced yere sultable and to use

"procedures which they had prev1ously found to be effectlve

As with many studles in whlch an experlmental group 1s

'Lcompared to a control group in regular classroom settlngs
'the teacher varlable may—have masked,_or hidden completely,

" the true s1gn1f1cance of 1ncorporat1ng the processes of

e

. sc1ence 1nto a scvence currlculum.

The questlon of why one form of 1nstructlon is

apparently suoerlor to another may ‘have no’ 1mmedlate solu- _“ﬁ

‘tlon.. Alkenhead (2‘\rev1ewed research frndlngs in which

Y

_ the crlterlon Jnstruments used measured learnlng about



: 1n1t1al 51tuatlon.r It would seem reasonable ‘therefore, to

46,

science and stltntrsts as dnstlnct from learnlng about

speclflc subject matter, prlnC1ples concepts: and skills.

4

[ ' ' :
‘He reported that most research feports found no. significant

“dlfference between experlmental and control groups that

could be attrlbuted to the science course supplementary
materlals or teachlng strategles " Stephens (lll) who doc-
umented hls pos1tlon'w1th reference to many educat10nal
varlables such'as siae.Of.class, qualities"of teachers as
rated,by supervisors Student centred vso teacher centred
approaches, abllrty grouplng etc., and studied research |
reports and summaries of research concluded that practlcally

nothlng makes any dlfference in the effettlveness of

’1nstructlon. Stephens postulates a theory of spontaneous

schoollng in whlch there are two kinds of forces one related‘
I :

to the background of the student and the other to the role

~of the teacber whlch accounts for most of the learnlng whlch

takes placeﬂu Thls researcher is inclined to the v1ew that
variations EElled to a teachlng learnlng 51tuat10n by any

out51de agency must not only modlfy but be mOdlfled by the

attempt*to;determine the kind of instruction actually taking

Place rather than assumlng that an applled varlatlon would

‘predomlngte and ‘remain the determlnlng factor in the

Ke)
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lnstructional program. It is‘possihle that Mokosch's /

» classrflcatlon of teachers into experlmental and tradltlonal
groups acted as an e}ternal varlatlon which did not, in fact,
descrlbe what actually took place within classrooms.

The members'of the.Edmonton Junior High‘School
'Process;Approach SC1ence Progect were not_ deterred by the
'somewhat ‘unexpected results of Mokosch S research They
‘were conv1nced that their approach was logically sound but
reqU1red some 1m§rovements in devising more successful
- fmethods of 1ncorporat1ng orocess and content W1th1n the
classroom and further evldence to suggest ways and ;eans of
evaluatlon W1th1n the classroon; |

The use of the Inventorz was extended to sixteen
bldloglcal sc1ence classes at the grade seven level. As
had been done in the "Matter and Energy; program (76) each
'teachlng unit was organlzed around an "Investlgatlon" into
which the processes of sc1ence, as,dictated bx,the.substan;-
tive;content: wer.e proéfamhedl " |

- iA Life Science Commlttee .prepared materlals made up
of a teacher s gulde.and a students' sectlon. The teacher'sj
fgulde 1nd1cated the concgpts to be: developed prov1ded
'-suggestlono for the utlll?atlon of the proccsses of sclence

.for each investigation, and lis sted reference materials and

t@aching.aids consideredjtoﬁbe suitable. The students’
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'section complemented the teacher's section and included

outlines, instructions, and questions directly related to .

.
"
[
Y

each investigation.¥ 4 . o
. .\ c /

when this researcher.began his study of the exper -
ihental curriculum described above, oﬂlyrchapters I and II
of the materials produced by the Life Science Coﬁmittee had
“been completely prepared. These'materiais were not to be
consrdered as—lnflex1ble dogn@.%&t simply the consensus of

a commitfee of - select teachers as to what “could constitute

e
/l

a successful approach to the 1ntegratlon of process and con-

N
tent within a biological science curriculum.. This outlook

is expressed by ‘David Powf%y as follows-

The committee has therefore taken some of the exper—
qlence gained in the Matter and Energy-A Proces
Approach and ‘applied them to a Life Science Program.
Though there are probably other ways of d01ng this
task, this one put forth by :the committee is for your
~use and evaluation. It should be stressed that the
' teacher must also become part of this whole process
and behavijoral change. , ‘
Teacheis using thlS will flnd students' pages and
a-teaching guide. The teaching guide, it is hoped,
‘will convey some of the metnodology that may be
attempted. (93)

The idea of bound volumes constltutlng an effective
science- currlculum_was contrary to the env1Sagea use of the

Inventory. The materlals prepared for use in the progect

*See Appendlx D for sample coples ‘of prepared

'materlals.
W .
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were considered to be available to be added to, or
subtracted from, according to the judgment of_the user,
providing each adjustment would not give students a false

view of the scientific enterprise and the work of the
. ‘ / '

praetising scientist.
Although it is clear that variation and flex1blllty

'formed an expected part of the experxgental curriculum,

teachlng Wlthin the framework-of,the‘Inventorz meant the'.
acceptance of two majbr”pr#nciples:'

"l. The teaching of a discipline must be reflective of
what goes on in that discipline and also take into
account what chlldren do when they learn it 1n
school

2., The students must first know the processes of
SC1ent1f1c’enqu1ry,‘and then be given & variety
of opportunities to use them conSC1ously in .
learnlng sclence (79)

The prlnc1ples as enunc1ated above redulre some
‘further clarlflcatlon.' Although‘the teaching of a dlS—v
'c1pllhe must be reflectrve of ‘that dlsc1pllne it is
T;understood'that children are dbt.mihiaturé scientists. It
would be,extremeiy'unlikeiy’that ﬁahy 5unior’high.sehool‘
mstudentsiwodid have sdfficiehtlpétrence and driVe,iwithnthe

[

associated'Capabilityffor sustained effort, to carry—eut’
independent investigations over an4extended period of time.

Thi would 1mply that, for most students, the

. "goal" should appear to be WLthln reach and most tasks
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would give some promise of culmination within the temporal
. l v

interest span of each student. Iﬁitially,'structsring
would be essen£ial for ‘the méjority of students‘with the
degree,sf structuring decreasing as”the capability for
more-independent,action incféased. _“ //

The Inventory (see AppéndiX'A) serves as a useful *

.formalism to pfovide structuring within which ﬁhs "investil‘
gaﬁionﬁ could take plase.s Thg major';;qcesses, as listed
ffbm one so sevénteen,.fdllow.the brder in which the pro-
cesses of sciénée could be utilized in scme investigations
but tﬁevnuﬁber of processés used and.;he‘ordér of tﬁeir
utilization would be depéndent upnn ths subjéct matter of .
eaéh'inVestigation. It is the task of ﬁhé teacher to
decide the amount of instruction ieQuired‘fdr the gléss
and forveach iﬁdi&idual and . to detefﬁineﬁxhe ﬁost opboftuhe

time for €ach student to mcve on to m@ie independent
t R Ie
kY

Lactivity; This Would‘bg.done byiprovid;ng.for degrees of
:structufiné and'guidancé which would aetegmine what Schwab\j
(103) cL&ssifies as ;levelsjof ihéuiry.“ The Inveﬁfd;.,is
sso'oraeréd thét degrees_of»indepénaencé in fieVeis'sf" |
inguiry" aresiptrodus;d byéomitting piosésses iﬁ the
;nstfﬁctionsuto the children.(from‘EOP to bottsm_in the f

Inventory . * }

PR 4 -
o,
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Although the students are expected to get to know

the processes of science and then be given the oppor tun-
ities to consciously use them in learning science, the

1 [

gaining of knowledge of the prooesses canhot be‘separated

-_from the use of the processes. Knowledge_of-the processes

_.of science, in the sense*used here, means knowledge of the

methods of 1nqu1ry 1mplled by the Inventorx with or without

knowledge of the specific literal refe mts._'It is the

opinion of this writer that the abilit to carry out an

- +ndependent investigation in science would certainly be

e ¢

possible without knowing the names of the;prooesées of

memorization of the names of the proceseeé would contribute
little to_a stﬁdent;s abllity*to uee the prooesses of
sc1ence in actual 1nvestlgetlons.v ' S |

One of the most compelllng aspeCts of ‘the Inventory

is 1ts tendency to follow 1nto an almost cyclic pattern.,

’Thls pattern follows from the framework of the Inventorx

/

under which the curriculum operates. The five main divi-

-

Intr1n51c motlvatlon 1s built into the pattern by

prov1d1ng for active. part1c1patlon leadlng to satisf< ~ion

from acqulrlng'skllls and making use of.what Suchman (11l6)

* science, as named in the Inventory; and conversely, the rote

‘sions of the'Inventory are,listed below to illustrate. N E
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/

I. INITIATION

1ff’\ ‘ f ' Enjoyment of active
~ II. COLLECTION OF DATA * «— pParticipation and
- ' : . ‘satisfaction from
, .+ B " acquiring skills
III. PROCESSING OF DATA '
- *'!' ¢”9'f1nd1ng meanlng
Iv. CONCEPTHALIZATION OF DATA e
; QL} Enjoyment of 1ncreas-

Satlsfactlon in

o : o
* _ : : 1ng competence
v. OPEN~ENDEDNESS ' :

Arousal produced by two or more
non-fitting 1deas emanating from

" the detection of 1ncon31stenc1es

- in theory, the unexplained behavior
Of new variable or any anomalous or
unexpected observatlon5¢ \

f

- New Problem

cons1ders to be a fundamental human activity and the chlef

o

~

motive for most enqulry, namely, the pursuit: of meanlng

.Concelvably, there could be' g pProgressive elevation in the -

There could however be some danger that an 1n3ud1c;ous

handllng of the currlculum by the teacher could lessen 1ts

effectlveness in some 1nstances.. For,example if the task
&

posed for the child is beyond his developmental .or ablllty

3

'level,\negatlve motlvatlon could result Alternatively,‘ 

-
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" the use_of‘simplistic investigations, over ‘and above those ‘

 meeded to illustrate a method of enquiry could fail to

effect any sustained interest. Arnold Arons made the

fo@lownng remark about elementary school science Currlcula\ Te—

“ +

.whlch could very well apply to the Experlmental Currlculum-

. But these materlals are by no means "teacher~proof
They can be handled effectively only by - teachers who *
‘hold a deep en?ugh understanding of the subject matter
to possess the security and flex1blllty to lead - -
anestlgatlon rather than to dictate end results;
,to accept incorrect- suggestlons or hypotheses recog-
nize the mis conceptions in the Chlld S, mlnd and ’

, gulderhlm into revisién and correction of his ideas

° rather than rejecting them bmlassertlon and 1n51st1ng

T on a memorlzed conclhslon.-(6) »

“ ‘The degree of success of the experlmental currlculum

r”could thus be greatly affected by how the teacher " 1nter-t

Ve \L____
preted the currlculum.ﬁ The remainder of thls chapter deals

°

Wlth methods used to evaluate process type ob]ectlves and
wrth technlques used to: sample teachlng behav1or for the

purpose of maklng 1nferenaasabout the categorlzatlon or

‘)
t

analysis of this behav1orr\

' II. EVALUATION IN SCIENCE EDUCATION WITH EMPHASIS ON

THE PROCESS DIMENSION T

(O] LS

A, = Early Attempts at’Measurlng Performance Competenc1es .

| Process evaluatlon of a sort has long been~ff;f,y; -
aSSOC1ated Wlth the laboratory aspects of sc1ence teaghlﬁg .
e B ,:‘ﬁf

o
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(95). The form of evaluatlon depended largely on thc o

predllectlon of the 1nd1v1dual 1nstructor and 1nqluded such

3
v .

procedures as aSS1gn1ng grades to some form of productlon X

4

i,

which was assumed to reflect student prof1c1ency in labor-

N

atory 1nvest1gatlons.. Common indications of this proficfﬁ
ien¥y we e grades assigned to such things as laboratory

.nOtebooks and reports, experiments‘done'b§7students and

graded by the 1nstructor or hlS a051s€ants and paper and
e -

"pencil’ tests des;gned to test th objectives'of laboratory

v,

wOrk.' anmples of bhese procedures may readlly be found in -

many oL the hlgh schools and the under - graduate sectlons ot

Lhe unlver51txes of Western ~Canada.’ e Vs

H"
o

. Kruglak (65) notes that although there appears to

1

be general agreement on the broad and tradltlonal objectlves

-of‘iaboratory teachlng, the problem of measurlng the out-

o~

cOmes of thlS teachlng has. been far from formulated,‘leg“

\ .

. j : .
alone solved. He p01nts out the nece551ty of: preﬁﬁrlng “f.§§1
' © r;\.hﬂ\“~T5r“’ .17:‘ -
objectrves Wthh cou‘d be put\lnto benav1oral terms and‘ PR
i ¢ v . v o ‘ »*' t
#

_‘contends that paper and penc1l tests are not adequate Jgﬁﬁ e Jf

~

' g . L
substltutes for¥pﬂr£prmance tests LSlng real apparatus.A L f»

o . . A
° Lt S - : » PR VS

Whlle it is truc‘that the skiIl as ?ﬁts of processes cannot
u' f‘.- B

£ N

' : . P

,of real apparaius
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are amenable to written tests, e.g. organizing tMe data,
: ! B . :
‘ & . \..-'_,.. . '
interpreting“the data, formulating opefatrona;‘definitions

) . .
. . . AR .
& ~ ‘ S B
- . ‘ - Ff" . ,\f’/ )

. . oo . .
etc. : -\’_ ! v ;J_, AL PR
: N o b : &‘ﬁ '

The Physics Department of the Uni ve

S

Minnesota 1nst1tuted per formance tests as andgqﬁlar part Lo .

of laboratory work some twenty -seven yeawe‘agc—(r24) These

»

performance tests confalned 8 "short 1tem$" and 3J“long

- R

1 ms.,' '* Each test locatlon was. prov1ded w1th‘a list of the

N : R .
apparatus ‘and a statement of the problem to be @bﬁe To

A,

ensure unlfomngyadlng, a key for scorlng was prov1ded whlch

e

%4

gave spec1f1c 1nstrstlons for scoring each 1nd1v1dual 1tem

“and general - 1nstructloﬁ§fa§plylng to afl 1tems. Wall

~

. Kruglak and Tra1no4 (124) indieate that con81derable sub]ec—

v R

‘_\tlve judgment ente%s into the scorlng of performance tests

and suggest that #ore work mus & be done with them before

- A

deflnlte concIUSl ns can be drawn aboHt thelr use as

evaluatlon lﬁstr ments.'

exruglak (63) made an 1ntens1ve study of laboratory

i , O

'achravement tests 1n the PhyS1cs Department of ‘the o

_pUnlver51ty of Mlnnesota He crooosed a ll°t of tentatlve

.1nstructlonal objectlves of general phyﬁlcs,"These items~‘

c /
Y
i ° . .

. r
J

ObjeCtheS thch he and Tralnor used as a gulde to prepare s
.;“} . R 231
e

some 600 test 1tems to paralle;~ the nost W1deiy acceoted .

;\,A ¥ e >
&

!

e

‘-
E:"%fg' .

XF'-"‘T

""5"

N

v

E

nd

v -

,’

@
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M

.were subnrttcd to fOUI‘COlngL physicists for rating and

review i ordern fo chcck for content valldlty. Perfornwy'e‘

3

- kests woa o constructod from the items conslderec sultable

and administered to physi- © students enrolled in the appro-

fé&iate subject matter area. so that all students enrolled in

t

general physics at the university wrote performance tests.

’

. Kruglakgcompared the scores on the performance tests with

such measures ‘as high school rank, scores on standardized'
A * .

ﬂtests.and final grades in phys1cs and determlned\the product—
moment correlatlon coeff1c1cnts among variables. He also

carried ocut an itemhanalysis, estimatedfthe,reliabiiity‘of

scoring and the rellanlllty of the performance tests.v Oon
+ 3

the basis of‘his_analysis he tentatively.concluded that

performance tests can be scored rellably, tend to dlfferent~
- W

iate between students in accordance with their. theoretlcal

and experlmental background and measure 1nstructlonal

gk

outcomes other than those measured by conventlonal achleve-\
¢ SN

ment tests (63)« Tne relatlvely high correlatlon coeff1c1ent

y - ~ 1y

(52) b\a ween Owens Bennett Mechanlcal G prehen51on Test

Form CC/and one of the performance tests plus the fact that

all per ormance tests correlated 51gn1fmcantly with this

0
test suggest thataperformaqee tests appear to be related to

P R

!

|

unders andlng of the. mechanlcal relatlonshlps 1nvo}ved in

,a
‘<

N
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~»the process dimension. Materials or representations are

57\-

>

\laboratory experlence.’.

4 In an attemRt'tg’51mpllfy the measurement of labor-
. &
atory achievement&‘f&k (64 t65) attempted to convert
performance tests 1nto paper and pencil tests of two forms-,

essay and short answer and mult&yle cholce Preliminary

forms of the test were adnunlstgf_ ~ somegl60 elementary "
-~y /'

phys1cs Students and the rcsults ana%ﬁz d; Although it was

found;that the paper and pcncrl tests were poor substltutes
for performance tesbsq it was{condluded that paper and

pencil analogs of very SHPCLE}C sk: 11s might be successfully
: , . . ) '

constructedo’ It was emphas1zed ‘at*the’real situation

- should be accurately portrayed using such thlngs as photo-

3

r@phs three dlmen51onal draw1ngs models etc. Kruglak' s

.,i

performance tests and thelr paper and pcncll analogs
A 5‘W‘f; _—
repreﬁ&nt process—type tests which measure some aspects of

-t

' . . BN .
given, a problém is posed and students are required to dem—

onstrate their proficiencies in brocesses corresponding to

_,Processes found in the following three of the five major

divisions of the Inbentory: Collection of Data, Processing

'of Data and Conceptualization of Data.

-

A number of tests have been developed which measure,-

or purport to measure, Skl]ls or ab111t1e‘;assocratcd with )
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a trade:or profession (5). These tests in the main
. c T - .
attempt to simulate real situations and the ‘individual is

judged‘on the basis of performance. Hubbard (53) reports

a test in medicine in whic¢h a set of symptoms is given

:fbllowed by'a set of possible treatments. .The indideual
makes an 1rrevocable ch01e:’by-era51ng a black mark masking °
the 1nformatlon ebdut the‘tesults of’ the selected treatment.

,,"r"‘ i . - Yime - _
‘In this manner them@kbblem unfolds and ;rOCedures may be

:"..‘ .,“\;,-

-judged on 5he ba51s of“thefeffact on- theﬁ"patlent"'

8-“ "

Hubbard s.test is deflnlteiy ¢y ﬁ&oceéﬁ“!@*t and because it

.

is admlnlstered to .individuals who-possess a hlgh degree of

llteracy, ége verbal nature of the tests would be Qf ]1ttle
' dlsadvantage. It is conceivable that thip type of test °

could use other form of stimuli such as sound tracks with

associated piétorial representations.

: N . ' - . . ‘ E " . "A .
More recently several tests nge been developed -

9 2

~e

whlch purport to measure achlevemenégéln.sc1ence other “than T
' 2

achievement related simply to cgntent acquisition or lab- “°~?5"?
oratory proficiency. T | e e

2

B. Tests which measure knowledge About Science and )
< . , : : S &

Scientists

The Test on Understandinq.Sckgncerdeveloped by !
B - - LT K .
. . LY /
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‘Cooley and Klopfer (23) measqres'knowiedée about 'science and

.~ stientists. ‘The form W is a four-alternative sixty item

multiple choice test and-elicits respohses dealing with the

roles of science, scientists and the scientific method.. The -

b

———— e -

items are categorized into three sub-scales:

y”ﬁﬁ . QI;.Understanding about the séientifiq Enterprise

>" N 7 (18 items) ’
II; The>S¢€énti$t | 3i_ 0 (18 items)
,, ‘;‘*III;fhe£hod$ and Aims éf Science ‘ (24 items)

“Claims for cénteﬁt VélidationAwerg obtainéd by basihg the
items upon an analysis of scientists at work and a wide
v i T : ”T ’ ' :
- variety of literature including biographies of scientists,

_ writings by scientistg, histories of science and the Pphilos-
. y | 9 . ) . ' . . R ‘

»

-bphi@s of science. Professional scieﬁtigﬁs; science teacﬁ—
efs, and professérsfdf the history'ahdﬁphilosophy of scilence

~Ayere'conSultedAregarding the content of‘the-itéms to providée:
content validation. After field o

-

~

- a further check op the

“trials and revision, the form W was standardized from ‘data

obtained fro@ students in grades 10 to 12. The TOUS form W

\has\aixuder4Richardson formula 20 reliabiiity coefficient
~of 0.76 and may be considered suitable for use with senior

high school students (18). The TOUS form Ew is suitable for
S - TR B ]

upper elementary and junior high schools grades. It contains
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Y

thirty~six,items and, according Lo communication received

-

Ly this wzlter from Leo Klopfer this test is still in th
cxperlmental stage. MckOSCn (75) used this form of ‘the test
in his research and ootalned a Kuder-Rlchardson Formula 20

rellablllty coeff1c1ent of O 83 using pretest data and

" reported a Kuder~Richardson.Formula 21 reliability coeffic- .

Jent of 0.70 6btained‘f“om a ‘personal communlcatlonofrom éje?

the Elementary School 501ence progect at the Unlverthy of .

/
IllanlS

The’ TOUS has been used extens1vely as a research

- i

tool but some cr1t1c1sms of 1t have been made Welcn (124‘

ja%ggests that form w nlght be 1mproved by. reV1slng some of P

’ '-@

. _,,:},
‘the ltems and obtalnlng strbnger ev1dence ror content

-N

Valldlty.> Alkenhead (2) suggests that some of the 1temsv .

V”evoke a response of attltude Huklns (54) 1nc1uded ‘the TOUS

in a factor analytlcal study of 1nstruments designed to,. | vg;"
measure the obgectlves»of 301ene§ateachlng and found that
TOUS loaded strongly on a verbal factor.‘ Certainly TOUS

can be 1mproved and be*ng a. verbal test whlch e11c1ts

responses relatlng to sc1ence and. sc1ent1sts it mlght be

expected to load on~ a verbal factor and be 1nfluenced by a -

- student's partlallty £0r " the. - subject fleld In spiterf
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minoxr shortcomings, TOUS has been a USefui instrument for

,measurlng the TOUS . ve£810n of "understandlng science" which
\ :

deflnltely includes knowledge about sc1ence and sc;entlsts.
tl [ u

~Although not a process test per se., it contains elements of

process in that 1t requires the student to make Judgment oy
-relatlve to. the purpose of sc1ent1f1c 1nvestlgatlons "the
1nterpretat10n of data the collectlon of data thedmeanlng
of hypothesesl the formation of sc1ent1f1c theorles etc.

¥

““The Facts About SC1ence Test (FAS)(ll2) was developed

>31 by the Educaklonal Testlng berv1ce in 1958. - 1t~contalns

seventy—elght multlple chOlce Jtems con51st1ng of three
. }

'alternatlves each. " It is scored on the basis ofrthree '

Lw

o

scores as follows:
.if Understandlng of Sc1ence as an Instltutron
II. Knowledge of Sc1ent1sts .as. an Occupatlonal Group

III. Total - o o

.The Facts About Sc1ence Test is 51m11ar in. content to the'

. ’”‘*

Z‘TOUS sub-scales I and II. .Content validity isuclaimed for

”ithe test but not documented (113). Cossman (26) used the

FAS in a research study and found that the- acnlevement of

the control group:'as indicated by the average FASOscore

droPped cons1derably.~ Cooley and Bassett (22) were unsat—»

i

isfied w1th the rellablllty of the FAS,as suggested by 1ts



‘usc in their research, and concluded - that an improved
instrument was necessary. .The FAS, as illustrated above, /

has not demonstrated its usefulness} it would appear that
the tallure to subject prelrmlnary forms of the test "to

Jdarge scale field testlng and subsequent rev1slons may have

s

~ "7

made this test unreliable and of questionable validity.

-

"The Science prpeéés iﬁventogy was*develOPed by Welch
in 1966 in ‘5@ aLtempt to produces " . . . a valig, reliable

and usable instrument to 1nventory the knowledge of the

processes of science possessed by secondary school_puérls.",

(125). Borm C of the Seience'Process Inventory consists of
- A : — -

150 statements to which studeﬁts are asked to expreSS'agree—

ment or drsagreement .Scoring JS done by countlng the - li

.number of resoggses in. agreement w1th a standard key.
‘Content validity is claimed mainly on thegba51s ot_

usrng the judgment of experts ‘as a gulde in rev1slng an

;nitial list of. items about " . . . the assug;tlons,

activities, products,-end ethics of science" as obtained

-

from the literature. Further evidencé for validity was
4.'obtained from its ability to distinguish among three groups
.composed of SClentlStS, high school studehts, and high

school teachere respectlvely. Statlstlcal lnformatlon

'avallable based on the scores of 1283 high school students

N gg%e_



‘Process Inventory. The scorlng key (106) indicated that

! - 63.

. . .. l. ' . R - ¥ . : » . ‘
gives a reliability estimate, based(qnﬁmﬁly51s of variance,
et} ik
. i A .

of .79. A revised form of the Science Process Inventorx

(form D) contains 135 items (126).. The Science Process

Inventory has-been used in‘conjunction with other measures

as part of the evaluation processiin the development of

Harvard Project Physics. ctatistical information obtained -
' N . - . / . .

from physics Students' scores indicate a'Kuder-Richatdson

Formula 20 reliability coefficient of .86 (127). The

Science Process Inve ~ory Seems~t0 be more comprehensive

than the TOUS in deallng with the TOUS sub scale III, The

\\

Methods and.Alms of Science, but doe not deel-to

N : T . - o

extent with the two other sub—scales of|the TOUS.

The Wisconsin_Inventory g£ Science Processes (Wisp) -
- . - o

i : : ' o
was constructed by, the S%éfntific Literacy Research Center

-

(105) and is almost ideéentical to the Science Pfogfss

fInventorz'in terms of content but contains,only 93 items.

It requires three responses (accuirate, inaccurate and not .

understood) as_compared to the two responses of the Science

”1naccurate" and - "not understood“ are to be lumped together

. . o
as'Simply-tne opposite of "accurate." Thls’dev1ce is prob- |

-ably usgd to<encourage a"dtudent to proceed to the next item’

‘rather than dwell on one which he finds difficulty in

.. L}
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understanding, but may mislead the ‘student into believing
that there are; in fact, three separate responses. The WISP

and the Science Process Inventory deal'mainly with knowledge

_ about the Methods and Aims' of Science and test knowledge
about the processes of sc1ence but fail to test hLow a‘stu—
dent would use the,processes~ofcscience in a real or
simulated.scientific investigation. Both‘tests are-verbal
and subject to poss;ble mlslnterpretatlon by/the student
due to llmltatlons on the palt of the student ‘or limita—-
thDS 1nherent in the tes t as anreéﬁltvof removi§g state-

ments from context andiattemptiné to express somé processes

C et T e -
in sentences easily understood by high school students,

*==:G§e§2gst5'which Measure the Ability to Use the Process‘of

Science R o

-

s

. measure understandlng of sc1ent1f1c pr1nc1pies and met ods

n

Wlth mlnlmal reference to spe¢&f1c content f (@7) The test

’

. consists of 40 four- optlon multlple ch01ce ltems. Each 'tem

poses a questlon or 51tuatlon by mcans of ctatements or
¢ : o

%, » .
B ) . . . W
,
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;

HJ strong crlthism seemed unwarranted. While it&is‘true that

test _s of questiagp

oy

data or graphs, in an apparent attempt tossimulate aspects -

o o 3 o ¥ g
' of{a sclentific.ﬂnvestigation.° Data obtained from the use

of the revised tést during the 1962-63 year give a pretest
,“Q

Ly
mean Of 22, 3 w;th a standard dev1atlon of 6.1 and a post—
test mean of 26 6 w1th a standard deviation of 6. 5.

MalliSon.(67), in reviewing the test, is severely

~f

65.

k3

)

cripical of it, suggesting t' t some of the items are 'little _

more'than a measure of general intelligenoe.and-the overall
) o , o ,
validity as a measure of students':

y o - : ke
ce and its methods, and invalid as a

e

understanding‘offsa

measure of knowledge of blology. He ends his criticism of -

’Lhe test Wlth the words-. "It seems to-boi%ood far every-

'u{J . Ty

thlng in general but nothlng in partlcular. Mallison'S'

the attempts to 51mulate science processes could be lmproved

by the use of: problem foc1 Wthh 1ncluded more—of the v1sual o

dimension as,opposed to the somewhat excessfve verbalism,

Ly

the fact that the test is not greatly dependent én prlor

science knowledge could makﬁ 1t a better dlsoglmlnator in
]ﬁthevprocess‘dimension. In its present“forﬁ the;test.has ‘
not beeniestablishedlas'a valid process instrnment but with

' some revisions.and further evidence for validity, it could

.

A o = . Y

=¥,

7

e
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possibly become a useful instrument.

The Science~Process‘Iﬂstrument (3) was developed by

the American Association for the Advancement of Science as °

L
- 3

an instrument to evaluate the long-range outcomes of

Science - A'Prccess Approach (4) Curriculum. The 1nstrument

consists of elght sections each corresppndlng to a process

<

1dent1f1ed by the ience —_é_Process Approach' curriculum.

Each proeess ‘measure is made up of a series of tasksscorres—
‘ponding tu levels of behavior in a proCess hierarchy, The

successful behav1or Wthh a cthd eXhlbltS on each task %

)

A, ) “ :
within each process measure is relatedtto%levels withinﬁaﬂ -
prpcess hierarchy. This relationship'should'enable the"

t

'f ;téacher to identify the behaviors re lated, to_each process ;.__w;

Wthh the Chlld has acqulred and the ones Wthh he has yet

N 44

to acqulre This very direct connectlon between teachlng

4

and testlng shoumMd be a great advantage tp any currlculum.;

3 ' et
Uqﬁortunately, the-Process.Instrgment requires some 330

, minuteshtc administer to each chiiét‘_Eﬁen thougqvnct 51;
»childfeh Qill cpmplete everybtash.in }asdte?or take
the.entire‘instfﬁment; the broéedﬁre ime cohsuﬁingv
that itsjbtacticality may be'questionable : Bes1des the
1obV1ays dlsadvantage ‘of belng very tlme consumlngf;fhere are
several other\dlsadvantages. The”a;tectwccntact hetwegn,

L
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examiner and examlnee could 1ntroduce some blaS because of
. ™
some personal relatlonshlp between‘them; i.e.,a Chlld may 'y -

"\ ’ . . - Y

react positive , to one examiner’ but not to another. The
capability of arrylng out a complete sc1ent1f1c 1nvestlga—»

tlon using approprlate processes 1s not measured by. the

1nstrument because §kill in the‘use<of separate pmocesses
‘does not of nece551ty, measure overall éompetency in the

’hproﬁbss dlmens1on. Flnally, because of the free response

element and thé practlcal 1mp0551blllty of preparlng a gulde

-

to eprLC1tly specify the range of all acceptable responses
the examlner may be forced to make some- subjectlve judg~

ments. In splte of 1ts llmltatlons the lnstrument has

‘"_—EIEIEIZZaﬁthe effect of Judgmental errors by puttlng the

gradlng on a system requlrlng only two dc sions (acceptable,_ )

_Lr [ "

not acceptable). Th@’lnstrument m1n1m1< the effect of
verbal”skllls by ut11121né oral dlscourse demonstratlons

by the tester and actual objectsu It is deflnltely a

‘performance measure whlch measures process skllls in terms

L’, @ v

of the AAAS clas31f1catlon. , . 3

.

 The' Questest was develooed by Suchman (lls), in an

a

: attempt to evaTﬁate 1nd1v1dual 1nqu1ry processes of chlldnauj,

-

_In this Lest fllm loops deplctlng problem eplsodes are

4 _ S . _

shown to chlldren who ask questlons which. the examiner
N T .

O 1



;
N ., R [ ) EE;
. N R PR . " O,

answers with a "yes" or *“no" response. The entire sessioh

A

is tape recorded and analyzed on the ba31s of the number

] N

. . Lu ' . \
frequency, and typea&of Qucstlons asked in dn"attempt to
, . B . o,
! ' .'," Yo v .

relatc the chlld'r'qu@,

P - \:" - .
.

‘searqnung,_data’processzﬁgéadlscovery,‘ahd verlfrcétlon A

s
% e ¥ ¢

‘_paperﬁgpd pcnc;l test conglstlng .of - ee:! parts-(Tesg A, ‘ ..%

i PRl

Test R, and Test C) is uued in CODjUnCthhcylth Lhe testlng
v g‘~

ploqedure._ The flrst part of the@ﬁyst (@%’i A) is admln-

1stered prior to the fllmcd QplSOdO and tﬁy complete test .

V»

.admlnlstered follOW1ng the queqtlonlng se551on. ’Teqt A 1s Coe
: 5, ,
de51gned tQ measuﬁe what principlcé the ¢hild has-diséovered
.o . : e ' - . “
o ' R . ; L S : o 5z
during the session, Test Bito,measure,wpich of the necessary '
T . A = . .. . o . ’.}i .- . m. -

] o ) . . ) . o
o

’ : h . D Y )
. . 3 . TR L . N
condltlons,he can ldent;@yaaud how accurately he can

EEVERNES | A

1dent1fy them and)Te st C 1s.de51gned to measube the amountf
» . : o o

of‘fectual knowlédqe”Of/the parameters*(objeCté, conditions/

and events): of the problem: episode which the child has\ges—“

o ;." -

itively identified.  As an overall measure of .conceptudl®

. . . ) l. } ) . Y ‘» ) : ' : .
growth, Suchman uses a test designed.by'him and -James L. °
bFeljar. This ‘test uses piéteria1 repre entatlons w1th \?c'

"multiple choice items,- Alth@ugh.dpéigned-specifically as a.

’ "-. ..‘ PR .._” . I.‘. : .
measurexof inquary«behav1or,'1txls Jjust t-hg.c partlcu;ar
Vo ' o
:aspect of the measures whvch may be, questlojitle I oa
"o, Ha¥ . . R . , ." . ,
otudj &eporteu by 'Renne: ct. a1 {99)?only;53 per“Cent of a

’ . . - ’ . ' HTO
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sample of 801 studcnts asked l o1 re‘qpestionSRin‘each‘of b
S I PURTREE - | a
three Suchman type enqu1ry s% sions. ObViously; it would hg o

1mp0551ble to. eualuate the 1nqu1ryvbehaV1or of students m&db

asked' no q tlons. The remainder of\the testlngd}rocedure 7"'

[

‘maglhavc some very real value in suggestlng ways and means
of cstlmatlng sLudent competence in such processes as
observ1ng{ collection of'data hypothe3121ng, prodlctlng,
inferri' ;tc. The use of film 1

» - O -

téges. : loops can be made. t' *séiy Simulate,actﬁallﬂ.

ops has several advan— R

o

1‘ . EE .
e classes, ami ., .o

‘prSentations, -
.t ﬂ : n . .
- X, . 4 - N ‘ EI VJ‘D%
a1though not as sultable ﬁof‘nepresentlng actlon may beg g
L ° . s i ) C .
T closéiy studved‘and thus serve to reduce excesslve veﬁbal\ ‘éﬁwx
¢ : > . ] ) R . .-...."{fv
L t o Lo . B ' Sﬁ 3 ,‘:y o ;
. Exposl 1on. , e T . ' . R
7 . Ao " - ‘ . LT ' '::l L - )’ w l oy @"(
. e Process Measures developed by Mokosch™7(76) use
the film loop format to present the problem foci. This test
o R R _ s o R
 is described earlier in thé.chapter. : "me verbal aspects of

v Y oo ) A ; . . .
the process meaguires. may present some llmltatlons. Studentg

-~ '

1

' ‘ X
who .are ‘familiar g}th the names of the prdcesses ‘as - used in
: % . : R '

the Inventory WOuld have an advantagw over those unfamlilar

-

w1th the names of the processes. It is also concelvable\

N . -
. \ o . o B

: N
that a student may e Capable of hypOLneslzlng, 1nrerr1ng,

.etc. yet be uuable‘co lndlcate thl on a wr?tten test. R

‘ . ; . . ' ' \
. . , g |



A

gl

.".,_ ﬂh \ y A} 1'4 ﬂf ]
&ﬁl&%&jf%@hnlque“of us;ng a. fllm logb format”f,
- "'1)} .

Q. , /#.
S of studerits in

‘elementary scrence classrooms. Jones ﬁets up a model. of
. / .

1nqu1ry behavror consrstlng of thé fch act1v1t1es of

<

searchlng proce551ng data dlscoggrlng, verifylng, and
l: .

Q

.. %‘“ o
the problem

n“

foc1 butéreg:rlcts the enqulry" to = set of

Ty,

r“’_,
te salected A
) & ¥ e
1uestronﬁ?wh1ch are answerable by av"ye$f'or “how réspomse‘”.*J
g L 3 09 . bt : e

’ ThlS restrlc whlle llmltlng the range of student quesk“ﬁ

i
&@[;tioning; slmp1lfles the analys;s of - student re;ponses Thew..f7
“_Q . . . B . . A

. .._t 5 - P - < b
> Test coﬂs1sts of two problem’ foc1 presnnted in.

o N R
~rmat and contalns three sectlons related to each
'a«w - ) _ . . . te < . & b“
fllm as. fol&st-f ) o .f e C o
/ ~

. v
L .

2 ’ 7

4Sectionj I. Student selects an hypothe51s‘£rom a\“
PN :

-

Yiven set A
'V . v - W v

Section., 1T, Student selects clue questlons in any

-

- glven order and obtalns "yes" or Wno" Lo
'f _ o i 7, - S
] A answer by remov1ng a lamlnated tab
L4

T A repetltlon of the hypoth eses glven in

o T Sectlon I each followed by tab coverlng'

"yes" or “no" responsg.

. oL w 7
. i . h L
AN, - o .
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‘Tga multiple choice items base&Q&n a pietqual repre Qﬁa
» . ,N'

tion are used to sample the ability to transfer concepts°

The TAB Sc1ence Test is an experlmental lnstrument

<

whose valldlty rests marnly*on the’ model set up by the

"'author., It was subsequently uséed by Raun and Butts (99) in . }
S . .

conjunctlon w1th a battery of tests and labelled as -a Cow
ﬁ PR ’ ? : v ' &
*7E,"en$§ problem solv1ng test. Scores on the TAB Scrence

h N
LN |

v

hé\wSSEywere not 51gn1flcantly predlcted by performance on the

o ‘*’ -ﬁ‘ ﬁ‘ ] " s ,’ N i
AA%S Procéss Instrument.. Althopgh the rel;@blllty and

S

valldltyﬁpf theJTAﬁ Sciendé Test are questlonable 1tnlsﬂ

. qh,' r’ - . . > . .
reasonable to. 1nfé§ that the student_a@p selects an
- ‘ ‘ &H N - IR rl C

, ‘ ’ o
_esis-and "homes 1n" qn tgf correct solutlon wrth a. mlnlmum
o . R o )

@

numbcr of sLep? has demoﬁgggated,@{flc1ency in thlS proced— @‘

.

RO S ) - : R . . R
!" )
“

Mary Allce Burmester (17) developed a test Wthh b

purported to measure some of tne 1nduct1ve aspects of

kSCJentlth ;hfhknhg. »?he test was dQSLgned speclfrﬁilly for

? S s

a Ccourse in bloroglcal’sc1ence at the collegc Level It wag. «.

1)

‘developed from a set of prellmlnarj tests wh1€h resembled“ L

vy - - : .
= *
in' the areas of thelr Goﬁcern some of the processes.of

2

's01ence asfset bpt in the InVentorX - A list-of these cori -
. . . M ! . ) . ! -

cerns 1nclude the folloW1ng-

g - ’ -8 . cLy.

l Ablllty to dlrlerentlate pnases of . thlnklng. " (This.

[



e

L " | | "4 ' 720
“1nclgdes the ablllty to recognize. problems hypoth—
k / . "

eses, exﬂér;mgbtal results nop- G&pcrlmental

obseryatlons and conclusions or inge;ences,)
4 “ ’ s L

2. Ability to delimit‘a problem.hA . C ' .

3. Ability to recognlze faulty exper;mental pr0cedure

) . o ! t . g \ ) X .
4. Apility to organlze ‘data. . P _
g e e g L S
5. Ability to understand the relationshipAof facts to
:&,_'f“ the solutlon of & problem“wm ’ ' . : 4;;
Lt . ». . . . by n;‘xﬁ'( . > ;J . ; e |
‘ Ablllty to’ 1nte§pret data and to understand the’“

EE _..

N results of e@perlmentatlon-"- ' - j"f'A;l
' : A - : . o BN . ’ oo
7;'Ab111ty to’ make'conclusions T R

ﬁ’ _ l ‘

8. Ablllty to understand the assuMptlons underlylng A}*

ﬁ;.conclu51ons

o

Clearly number l (ab@ue) deals w1th the recognition

o

ot y o
of the processes and the remalnder deal Wle% abllltles to b

.

.deal with the;processes. The test is malnly verbal sup—
v/ .

"’plemented by dragrammatlc 1llustratlons and data tables for

/ ) 3 x

some quest;ons SO, the ablllty to perform in the process

N ~

u'“ "'\

bdlmenslon is: 1nferred rather than mggsgi‘ dlrectly. ;.45$¥--'§7

(2

- - o . .“ ﬁi’;"‘% X qdb-- L R e “:!‘)t.
Burmester (17) clalms valldlt' "or Lhe test because :

[

1ts correlatlon w1th psychologlcal examlnatlons (readlng
i ablllty lntelllgence factual informationy is_not

’excesslvely hlgn ging from .40 to .53.

e oA
S
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: S o 73.
Test scores of siudents correlated significantly with rat- '<§
ings made Ly competent-judﬁhs‘and Studcnts who had completed°
« . S

*

three'terms o} 'ologlcal sc1ence scored s1gn1f1cantly

4

hlgher than . another group who had not YLt taken Blologlcal
/

- . B . T J {t ! —

"‘.l"'

Nthat there was sllght dlsagreement on some 15% of the 1tems

.W1th perfofhance oh th>

3cience. RCllabl]lty as calculated ‘using - the Kuder -

-
Richardson formula was .89 Kaplan {59) admnnlstered the o

- ﬁ~ - ' _//
Burmester test informally to Ph D's in sc1ence and reported

out the ph. D s scored 51gp1f1cantly hlgher than the students.
r“? -

iHe also compared student performance .on,; theQBurmester tesé
. . j'\' R o o , . ‘\,-

A%
& . - g

N cw

. v e w, :
Ap%ralsa . After one s ester of blOlbgy there ‘was . 51gn1f-

- ' I
1cant 1mprovement in the .scores .gn the Burmester test but

.‘.“

: _ | /
not for the Watson—GlaserfTest ‘The'evidence seems to

A;lndlcate that the BUrmester test 1s quite reliable and does

measure the. ablllty to understand and use some of the

//;rocesses of SC1ent§f1c 1nqu1ry. It id a college test and

ey

v

-

Ty . ‘
not surtable for junlor hlgh school students. . . .

Flynn and Munroe-(36) carried sut ah“évaluatibn
. . L . . ) '
of Nuffleld Sc1ence in the secondary schoplsﬁin Aucklana, o

s

& -

By o LG

A -

‘New Zealand;~ Their purpose was to " ., [ . flnd a way of

maklng judgements about ‘new currlculum developments that is

- . . ’

based upon-exploration, experimentation,'and measurement, * o,

C Y ¥ - . o .
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(36) .0ne of the 1nstruments which they used attempted to

v -

mgasure mental skllls and attltudes.r ﬂ&b categorles wh;ch w

e

were scored, as reported by thg w are blven db foL]ows *
., e ‘&M * ‘ ' . . v

‘ K. N
Mental Skills% ™ AR
) (a% Analys1s and "’ 1n§bipretatlonrof data N -
- “ . %' . ,' 0 ) - L.f,,,
o (b) Extrapolatlon - ~ %
‘ "f‘” q:':; . . YN » . . ] ‘{1 ‘é
v (c) Hypothesas formatﬁ@h . A o

;ﬂﬁ.’& (d)rﬁblllty tomde51gn experlments

~ .

. 3:“ Attltudes . ”'-.' o ﬁ

. 3‘;“' o
T '; ; (a) Intellectual'honest§"
ce B o
' [~ R '
‘i‘v(b) Open—mlndedness o v _
4 s ; ] " : ]
;3%;}{;. (c)’CrLLLcal mlndedness B = : N
% .. o ) e .
‘Thls test,eons&sted of,four questions. Each Ques—
tion contalned a problem focus in the form. of a paragraph - Rt

Ve
= % ) ol Lo

g
followed hy four alternatrﬁe expl&patlon% u:The.sﬁudents o

were requlred to dlSCUSS each explanatlon select the most
o

likely one, and. descrlbe a meﬁhod Whlch they would use to
test the truth of the explanatlon. Marklng procedure con-

sisted of ass1gn1ng values of l for clear ev1denoe Offa r;
- . ) !_ Ll S'x , . . : ‘ ‘
skill” and attltude f where the response fallcd to fully - i
.-~L ' :
D] satlsfy Lhe criteria and a value of O for responses Wthh

a

showed llttle or no ev1dence of the sklll or attltude

Tests for marker reliability,were.applied separately’
R » TN . . A s ’ X N :

o8

. . ) - . . e . R g ‘
< - > R L e ) N e c e -
| \\-/ ., ‘ - . . . ) - )

Q T R : N T e -



L u51ng the Spearman Brown prophecy formula, was calculated to

e

o ubg 894}\

u

o

Pia® "
g 75,

V : - t -. < ~ .44',- .
;+to the skills totals and the attitude tofa, v Reliabilities

, . ‘ o AN
. . | , .. ] *
ranged from .76 to .96 on the skills tota abd from WAB to

€ . ot

_.66 on the attitude'totals; The reiiability f the test,
A J -

o .’

g .
The attltude component measured 1n thls test is
- _.‘;‘

clo§ely associa(ed W1th the 1ntellectual behav1ors of ‘klen—

EN J -

‘N i

1tl$tS as lustdﬁ in’ An Inven'ry" of the Affectlve Attributes
M ‘v A d}_ N

(“ .) .

J?gg SClQntlSto by\Nay and Cnockcr (81) and is restrlcted to

i

[fghfegencesimade-on.the basis of the ;ntﬁllectual@behav1or

L[4

et : v

B - N . o, . ’
k B - . S \
PR . BN T B I < '

kA

)V'éxhlbfted bxgtbéﬁatudent.f_Infother wonds,‘the'attitudef*"

‘@easuted:by thié“test is'cloéely allied ﬁa intellectual

.per formance. Thié’ccmpcnent,is probably present in the

ae T . L s
other in;ﬁnumenté cfi’d”althoughfno,provision is made to
Q’ . . ‘;'.',‘ '. . . ) .

llneasure it separately. ‘A second ihtereéting;feature.cf the

instrument_is tbe'scoring'p:ccedure in*whichfﬂrades‘of
l )x . . ' e . R 4

competency are recognized. This procedure is a realistic

.

the markers. e Ty ' R
D. Summary ‘ _ : o, B - N

The tests, as reviewed.abové, lie mainly in the .
. . . . e \i’ K !

cognitive and psychomotor domain but some of them are alsp

. ‘ . . .1 o

.

]
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intiﬁately associated with the affective domain, i.e. the

B tests whgch ask for respenses abeut sc1ence and sc1entlsts
coqﬂg evoke tesponses associated with attltude and the Flynn
and Munroelproeedutes.attempt tb“measure attitudes related
to the intellegtuai‘behayior‘of scientists.

;) : » o

Although no general all pukpose process test ex1sts

——.

some generallzatlons mnay be made. Kruglak (63) has

empha517ed and demonstrated that rellable %ests for very
‘Hspeclflc skills may be bonstructed The AAAS Sc1ence %< f
'R;ocess Instrument aA “thé%ﬁurmester test of Ihe Ablllgy i
to Think S:jentlflcallv tend to substantlate Kruglak;: h'i‘

3 \ T

'concluslon. The technlque of releaslng 1nformatlon at .

»

' } [ - &
the examinee's request,is a usefulftechnique in determin— -
ing the efficiencyvin obtaining and'using releyant in§orma—

tion in order to- derlve a loglcal 1nference Hubbard (53),

’tjones (57), and - Suchman (114) used this technlque but

&d
Ehete is consaderable latltude in the sebrlng procegﬂres.
v ,Problem fOCl shbuld be_realistically portrayed wfth,the

‘ih!hphasis on clarity of pfeSentanion. Dlagrams may be super-

ior to plctures for some presentatlons because the extra

" detall may mask %1gn1fbcant eLenents and verbal descrlpt!ons

B - S RPN SN — —

”may be adequate for some 1llustratlons glven to peoplc w1th
ﬂfa relatlvelj high degree of lltcracy._ Becausé of 12”;xldual
Adlfferences, theredmay be some. merlt in varylnq the medlum

@«



Q' uSed and students with aeute-visu“m"

.

' LMl
‘.v Q&l. o '
elementary students. 1In this mannér studénts of hlgh verbal

.

for thé problem foci used for junior high school~or #ﬁf

_ablllty would have no spec1ai adv.pu if film loops weréf,

'ceptlon who might
‘have some advantage w1th the film loop presentatlon, would

not necessarlly enjoy‘ﬁgls advantage with verbal 1nput
_In any attEmpt at curriculum evaluation, the“choice

of the instruments depends on the purpose of the- evaluatnon.

!

Although there are a number of .instruments available which

.- f

purport to measure process type object1@es an ‘investigator

[

. . 0 .
can do lﬁttle more than proceed 1n a manner as outlined by »

.~

'Smlth aﬁ& Tyler (107), i. e" begln,y1th the overall obgec~'
< ( .
tives and analyze them into behav1ors Wthh are testable‘

"~ prior to selecting,~adapting,4pr'preparing instruments to be

. X . "'

. used in the evaluation.

.
n

* 1IIr " TECHIL. JUES IN CLASSROGM OBSERVATIONS Rt
. . ~ ) ’ : L
' F(!"{l,?

In any currlculum evaluatlon n which there is con- /
. R Lt rd

cern for obtalnlng Jnformatlon pertlnent to the 1mprovem°nt

A( - - , . - M .

' %
or development of an exper1menta1 currlculum 1t is’~ essen—
\ .

. \
tlal for the evaluator to determlne the nature of the acnual
[ - .

feurrrculum_asrd;stlnct from the off1c1al currltulum.

E .
~ o "

Comp ative studles 1n Whlch an experlmenta1 curriculum has
N o . . . e . -

.

A R . .
- : . " : -~ "
b . -4

BT A Y

Ll
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i

cempared to a "tradltlcnal currlculum" havpgqgen barren

of significant reasults other than expected results such as-
\ -

l’

BCCS classes outperform "Lradltlonal" biology classqs on
BCCb cnmprehon31ve tests (46), CHEMS students and studentﬁb

in “tradltlonal" chemlstry classes do not dlffcr 51gn1f~

~

cantlv in chemlstry achlevemﬁbt as measured by “tfadltlonal"-

. ; - .
tests (97} and 50'on. There have also been SOmé unexpected

!

results.( Mokosch (76) dlscovered that "tradltlonal" classes

‘,)‘w

outperrormed process orlented classes on tests de51gned to -

. \'J " : e v
~measure competency ;3 the process dlmen51on.l Taylor Pearce

. - N
— — 3
b %9) reported that students who were glven an opportanlty
&

- ’

o For creat1v1ty in a édﬁtalled "mathematlvlng metﬁpd“ were
o OO IR A ‘
inferidr to students in "traditional" classes a§$$nd1cated

by measures deslgned to measure creat1v1ty. Wheh Crumb (28) ¢

.‘u

4 v
_allowed for dlfferences in bac&ground among teachers he

Tl

- Vs i -
\'>§Sﬁnd t%%t PSSC students showedpa greater understandlng of\\¢/>

,f
science than did non- PSSC students but Trent (121) who d1d »
’Q ?Tn . ® ’ .
. not allow fog teacher vafiablllty found no*si@ﬁlﬂbcant dlff-
9’ ’

erence in understandlng SC1ence between PSSC and non- PSSC

studeZts. The effect of the teacher upon the® ffl@jﬁl . /,\\\g

L
. oo L}
—currlculum hasvbeen‘demonstrated by Gallagher.. Gallagher
8 ’ . - . % ., . / .
'(43) used a sample of six" teachers of slmllar background ) \(//

B

. teachlng BSCS blology and reported from the observat(on_and
. \ : _

]
Lt
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«~ ' subsequént analysis of recordings of each'class on three . v

-

consecutive days that there was a wide variation in the .

A - ~ L ' ! .

topics dealt with and ‘the manner in which the topics were .
v - . |€!‘.

handledg_-in effect each teacher presented his_own curriculum
'so that any assumption of a common curriculum wéuld be-
L o R . .
unjustlﬁled. o R ~ .
" - . / . - . - ﬂ“ ’ .“ . .

ft\

*a) "oaches are built on the assumptlogg that the! V1ewer

_; .

«v .vj’f%;... . " L

o N
v

n,can ggbgglze gooq!teachlng'Py 51mp1e observatlon. ThigAis

faon on tyo counts-h‘flrst the perlod

"under 1nve§ igatlon and theufhteractlon between teachen and

[ v

studcnt 1ncludesrthe efﬁect of the term prlor to the d

}

:‘observatlon gggggthe prlor act1v1t1es of the teacher 1n\wha§

Jacksoii(56) calls "preactlve" behav1or- second the\“\

-

;o server ‘has a preconcelved notlon of-what good‘teachlng;;s‘
n

thlS a pr10r1 qet .can only lead to - observatlons w1th1n

. N .
- . +

the bounds of-this set Medley and Mltzel (71) rcport that

‘. )

ratlngs of thlS type show almost no dlscernnble relatlonshlpﬂ

s

- ar

Y - .
«o ' £,
{2

PP T i

T to pupll learn q ~-‘,~,; - e SRR

[ e T, e

ey

sggg;ﬁ;g_aspectsme£~ieachmng after know1ng whlch teachers

T o Gage (38) shgges s tﬁaﬁwlt ls.p0551ble to deal Wlth

g

"are effectlve and whwch are 1eos e‘fectlveo The;benav1or of

A

-

= “ . . . . " - e .
CF . o - s - |

I
Y -
t . g . Lo b - - . .
N . |



these teachers would be studied and é~video—tape'recording

maﬂf. This would allow for a multitude of re-runs which

D
.

would be invaluable for the purpose of ihté?sive 6bserva7§

. - - N

“tions. He ‘suggests that.a recor

R Ty

o alO¥ . . B
this behgwior would be

. o : AT A
taken " +. « . under unobtrusive cenditions at the moment:
when the pupil learning was, being engendered. ""Just how ~ *
’ : | S S T
b

thas could be done unobtru51vely is not made clear but ,au Bl

. . ", e . S . ”
-lobvlously .a q;oss 1nva51on of prlvacy would/resUIf/I; thesgaga

. -

Q ﬁ i Deve%h

! recordmngs were made in a truly unobtruslvg mdnner.:
“‘:‘ " ) e ‘ ! : s
-opeﬁgsof observatlonal systems in. a democratlc SOClety must

7 3 . ISR
L . S ! R
- -

always be- SUb]eCth Eg the obv1ous llmitatlon that the
. ")ﬁ‘ oA /1 = LIC IS ~’,' £ ).

'system belng obset;ed is p‘obably’belng affected by the

‘1ntru31on of the instrument. f ﬁ ; ‘.”

- Il

e . .~‘,

*W," ngiewers such as Gage and Ug}uh (39), Blddle nd"
' o l .

Adams (10), and Medley an Mltzel (70), have démo~?
R )
'that by 1968 there wer e matex&ban thqptﬁsdlfferent\

N‘ - N '

obselvatxynal systems reported In genbnal the_répgrteq

.
< [~

B

ﬂsystems{wexe example& of empirical research attempting‘td :
: S C Lo C P el (R
‘relate measured aspects Of teaching behavior to some Y
. o i ! N . V. . A’ . ‘ .
. criterion of teachq; ccmpeteﬁcy'such as,improvements’in
R oL ks

studcnt achlevement or behav;or and &atlngs bf the teacher

.
I

?:by puglls or superv1scﬂ%v" Ga%c and Unruh (39) d1v1cc

o v

. .3 o * Lo
es to researcn on: teachlpg 1hto»two patts. One

[
o

.\ R B fl: B R .J:ﬁ“mﬂf

Zaw -

.". | NS4
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approachideals with'describing the wa§ teaching is in the

sensewexempllfled by Jackson (56) and the otthldeals W1th
',dcveloplng a model of - J.nstructlon and flgvtlnﬁ the tea&:her .

/ ’ : .
(or teachlng dev1ce) to ‘the model. ThlS study is concerned

c e

"only W1th systems whlch glve some promlse of walldlty amd -W"é
4 I . L . . .
,rerlablllty invthe actual3de§cription ofrcIassroom'behavior <
- . S ‘ e v
L - ) ' ¥ Y o v ¢ . L
of teachers. - = ~ | - o el : N
. ’ ' M N . . c » -

e S TR { |

o Mgost of the research systems utidi ze classroom . ,\\ o

’ Verbal behaZ}or as ‘the main'SOurcevfromA fich to dfaw oL
" ‘, - } A , , ’“, “

1nference abaut the classroom behav1or of teachers. Sm~th k::
‘ -'/" zvt,.' e A : , e

(109) may be overempha51zlng the 1mpbftance of verbal
T Y(’ . . . « “

‘behavlor when he states.‘é”Teachlng s almost entlrely

o .~

.Q . g \ - ~ | : u , ) » .

evetbal behavi@r o e et but there i llttle doubt that *w‘ ;;&;
, 9" . »‘/. R ;l-ecg } sy e
'verbaL;act1v1ty forms part of most c,adsroom activzty. The ..

: . ¢ BT
» r ¢ - e

ranaly51s of verbal behav1or thus”remalns an 1mpo£tantbpart

of most,observationa%wsystems.fl.’ B

‘. ' B B

Most ob§ervatlonal systems utlllzc a«c'dlng sy tem e
. T.‘ . - “fl:

N i N

-31n Whlch an. observef”records hlS observatrons lnto a fofm/ I

5, , o

:'whlch may readlly be tabulated. Flanders‘f75+—eon51ders‘7

Lo

that the most 1mportant crlterlon for any
o

KR T L. . .
D I o

thatra trained‘peern-can recOnstrth,th’

'J M _ .
'from encpded record even although he WAS not present a

'

~_obserV§tion. 'Tnls is ba51c to methodg deve1oped”bv Flandersv
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.

(86) -ana by Flanders and Amidon (86).

Flanders Interaction Analysis Technique (35) .
\

v

requires an observer in the classroom to make, judgments and
corresponding cate?orizatiqns approximately cvery three

seconds. Givcn“‘categories, arabic numbers from ] to n arc
. ,
R )
. , . [ . N "
used to code the categories, %ne observer simply writes

down the numbcr'coryespondigg to the category of. the
. w
observed event in such a way as to preserve thc original

sequence. The data is transfegred to an n by .n matrix for
burposes of analysis. ThlS procedure.allow' for a rel-

atively large number of entrles (approﬁwmately 800 durlng
a 40 minute period) and thug allows for a large number of
ﬁelemcnts 10 the semole of classroom behaV1or The short

time interval allowed for each categorlzatlon practically

necessitates the Jse of trained and practlsed observers

o

,,,,,,,,, has been widely ueed and Medley and
Mitzel (71) report that systems usingfreeorded'observatiens
at regular time intervals Ebr\pre—seiected caéegories have
‘suéceeded in idcntifying aspects of*the affective climate
~of’ the claeSroom. .

A number of ;eoearcherszsuqh as Smith and others

- (109) and Nuthall (8J) nﬂve adopted units of classroom

observatlon such that each unit .corresponds to an analytic
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definition corresponding to the conceptual @ssumptions of

- ‘

the inycstigator._ The use of analytic unitsvgcnérally

requires some pérmgnent recérding such as sop;d or .audio-

visﬁéi record;ng.' Problems of semantics make systems using

analytical units difficult to transiatc-into a form readily

understood by anothér;iqvestigatdr of different conceptual
¢ ' .

posthre.

Medicy and Mitgel (71) indicate that measurements
of classroom.béhayior aré subjéct fo the bias of tﬁé ‘
observer and, ip many'caées, uninterpretable by anyogel In
an attempt to increase the'scope an? reiiability of élass~
room obéervation procedures, they déveloped_the"obscrvation
Qchedulé and Record (OScAR). The OScAR is a technigue for
objectively observing ggg_recordiﬁg classroom behiviors..

YV
Thg OScAR provides a schedule for recordi..y behaviors and .
assists the obéérver by also prov;aing suiteble cues. pata
bnqéctivities,‘érouping, maté:iais, Fnd symptoms of classf
room climate are recorded ddring a five-minute period. -
Following the first five—m;nu;c-period the subject-aréa is
recorded and a seéénd five—minute~pe:iod is devoted to
\fal}ying indicatidﬂgvof "exéressive beH%vior" in each stateﬁi”

ment made by the téacher. Following the recording of the

. o : &
subject area, a third five-minute period is devoted to the
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1vcording of activities, etc. This alternation of ‘ocus of

?

nterest is continued for six five-minute périods.
|
Medley and Mitzel (72) collected data in 49 classrooms

and after reliability considerations combined the items into
14 "keys" which were facﬁor analyzed and three orthogonal
factors identified. onse results indicated to them‘that
tHeVOScAR gives reliahic information about:

1. The social emotional climate

2. Thé relative emphasis on vefbal learning

3. The‘degrée to which the social structure centers

about the' teacher |

Thus the QScAR/ddes not appear(to be getting at muéh more
than measures‘of "affective climate" qomparable'to measures
using the Flanders' system. Medley and Hill (74) have
indicated the similarity’of the results obtainéd using the
two systemé.v?They intercorrelated 7S\measures (38 from the
o Elgnders' record and 37 from the)OScAR record) takén from
two parallel records from each of 70 tcaéhers. A éaCtor
’agalysis was éerfqrmed on the co;relation matrix., Ten fac-
tors were idehtified of which five were measured by both
systems, thrce by the OScAR system, only, ahd two by the

~Flanders' system only. There would appear to be a great deal

of overlap between the two systems but the OScAR is more
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euitabie‘for usc by relativelyvuntrained observers. Medley
and Mitzel (73) found ho relationship between the informa—
tion mcasured by the QOScAR ahd the growth of elcmentary |
. students in reading ability or in group roblem solving
Sklll. ~There is thus llttle ev1dencc that the 0OScAR gets
at aSPCCto of’ bchavror related to cognitive objectives. It
is conceivabie that theé OScAR 9ould be expanded to include
additional cogﬁitive categories.‘ ®

Gallagher (43) has developed an observatlonal system
referred to as the "Toplc Classification System" (TCS) which
includes cognitive variables. The Topic Classification
System was developed as a result of the experience with a
previous system developed by-Aesehner,'Gallagher, and others
(43) . The previous sytem‘was based upon the seruceure of
intellect model of Guildford (48) and centained four '
categories corresponding to Guilford's7fivefeogpi}ive cat-

egories and a fifth category for miscellaﬁeeue items. The
categoriesng'cogn@rive memory, eonvergeﬁt thiﬁkipg,'diver—
_gent thinking, aneleQaluative‘thi%king eorrespcnd te the
cognitive processes of memory, cegeitiOn, divergent and
convergent production, and evaluation. }The.Topie'Claséifica-

tion System attempts to indicate three dimensions of .

classroom behavior, namely, the level of instructional
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intent, the level.of conceptualiéaﬁion, and the level of
;s£ylé. The style dimension appears to correspond to the
fdur—catcgory system used by Aschner, Gallagher and others
(43), but-the\levels of style are specific in naturé and )
thus more‘readily identified than categories corresponding
to Guildford's classification. With~£he three dimensions
including five_divisioﬁs bf style, two of‘instfuctional
intenf, and three offconceptualization, there are thirﬁy
cells pptentiaily available for analysis.
. a
The botential range of the Topic Classification
System is reﬁiniscent QE the work of Siedel and Siegel (107)
who used a mu}tivariate approach for studying jnteraction
among variables. The approach of Siegel'and Siege; involves
four classes of independent variaﬁles (learniﬁg environ-

A

ments;‘instructoré, learners, and‘courses) and the.erendeﬁt
Qariables of,effectivéness of achievemenﬁ;.processbof
achievement, attitude, thpught, and odt—of-class.behavior.
Bécauselof the large number of vafi;bleé included, the iden-
~tification of~spec§fics would'ﬁeﬁrelatively difficult in the
' subsequenﬁ analysis. VGallagher'é TCS has already chosen
specifics which he céiis "le&els" and if the coding groced-

ures are adequate, differences among teachers in terms of

these_ specifics can readily be obtained. -
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The TCS with its three dimensional character has
bhe,poténtial‘for providing a great deal of information
about classroom ba&havior. Probably its most serious dis-
advantage, from this researcher's point of view, lies in the
. . ’ Y .

. fact that the identification of each topic requires the use
L
of trained individuals working with transcribed verbal data.
It would seem that certain variations, including timing
procedures associated with the identification of non-verbal
learning activities, would have to be included in the system -
before it couldlée suitable for identifying or classifying
"significant incidents or units" in classrooms in which non-
‘ oy X ' . :
verbal activi%ies form an important part of the instructianal
process.

Fischler and Zimmer (34) have developéd an observa-
tional instrument which “is specifically designed for use in
science Classrooms; As reported by the authors:

In common’ with most time- -sampling instruments, it

had the follOW1ng features: (1) observation was made
by an eye witness, (2) the behavior to be observed
was defined in terms of overt action, (3) the behavior
of an individual or group was dbserved for a stated
unit of- tlme- usually short, (4) there was a number of
repetjitions of the time unit employed, " (5) an individ-
ual score was based upon the number of time units in
wikich the defined behavior occurs. (32)

The instrument contains explicitly described categories

listed under three maih headings: (1) Teaching Techﬁiques;

-
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R
(2) Teacher's Questions, and (3) Characteristics of

Teaching. The observed behaviohs are checked off every two
s ] ) .
and a half minutes and provision in made for recording what

students and teachers do as well as what they say. The
instr&%ent was field téstcd and\aﬁla result of that exper -
ience the categories and definitions wére revised and
‘refined. Although Fischlér’and Zimmer bléimfthat the
'instrumeﬁt enabled them to, " . . ; differentiate the teach-
ing characteristics of individuéls tgaching.science.", they
do not aocumgnt this claim with empirical data.

- The Observational Instrument for Science Teaching

\

(32) as described above, utilizes a much longer time
~ )

interval than the Flanders' system and thus decreases the

/

number of entries but this makes it feasible for the

observe:oto make judgmental decisions covering.a relatively
A oo ’ .
of #dncern. The categories as defined by the
e e ‘ | ¢
instrqqgnt correspond to activities specific¢ to science

8

largd area

classrooms and include a selection of the "instructional

A

modés"~a§foutlihedﬁﬁy Powley (94).
o o ST o

.v
" .

“It~seeﬁs~apparent from the observational systems

considered here‘and from information obtained from the

" N

'{t_: Sk : . ! .
reviews ‘of Madley and Mitzel (71), Gage and Unruh (39), and

Biddle (lO)_that-observational procedures which are based

74
&
“
v

S .
s . [
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upon time sequences and which use explicitly described

fcagpgorios are more amenable to the usé of relatively

untrained observlers than are systems based on analytic or

<

pﬂenoménal‘units. |

.Category-time sequence methods have two main comn-
cerns»  One is associated with the evaluative judgment of
the rater and the other with obtaining a representative
sample of the bechaviors being observed. The first ﬁéy be
bartly alle&iated by the uge'of very cxélicit instrucﬁion;

and by limiting cateyories, where possible, to specifics,

The chance of obtaining a representative sample would be;

»

‘enhanced by making sure that the observers hadlsufffcient
time to‘reliably categorize éheﬁobserved behaViorS‘w%th’the
fime unit as short as possible wighin ?ﬁeée bounds.

The use of structu;edAobservations is one of the

most defensible methods of describing classroom behavior.

Grobman points out that with apprepriate techniques aﬂd;
. L ] ' .

their‘éubsequent analysis:

It is possible to describe verbal and non-verbal
classroom behavior in relatively precise terms. It
is"also possible to determine whether the interaction
pattern in the classroom is compatiblie with the
project objectives. (47)

Stake considers such descriptions t ave a high priority

in curriculum evaluation when he sta s:
£ 4
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Neither an understanding of what the curriculum has
been or what should be tried next time is pPossible
withdut data on the teaching methods. ' In some evalug-
tion studies the most valuable data will be those
‘gathered by a classroom observation 'system. (110)



CHAPTER IIT
THE DESIGN AND DEVELOPMENT OF EVALUATIVE PROCEDURES
I. THE EVALUATION MODEL

This writex became assoeiated with the Eqmonton
Junior High School Qrocess—Approach Sciente éroject approx-
imately two yeats after its formation and became interested
in the evalnative aspects of;the‘program. This evaluation

mas conceived to be evaluation of student.! hlevement in the
process dlmEDSlOH in relation to teachlng performance and

currlculum materials in an attempt to determlne what sort of
instructional procedures prodvced particular kinds of
achievement inAstudents. At the‘time this study was being
Planned, thebuse of the Inventory was extended to biological

science classes at the grade seven‘level. It is to the:

curriculum Lhus establlshed that the present study is ) -

directed.
Althcugh this'stndy was not direéctly cdncerned with
the affective donsin; it was recegnized‘thét students with’
negat;ve attitudes toward school tend to be less successful
in school achlevement than those with pPosaitive attitudes.

1

ne close relatlonshlp between attitude ang achievement has
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Wﬁ%&g recognlzed by Maykov1tch (69) who found that the

rtudes of students entcrlng hlgh school was claosely

related to school achlevement but subsequent changes in

. .
attitude did not appear to produce any great change in

achievement. Aiken (1) reports that for students at the

high school or college level: " . . . attitude scpres

)

contrjbute something over and above ability test;'scores,

Py

to the prediction of achievement in mathematics." Because
students do.éntér junior high school with attitﬁaes which
could be relatively stable over a period of time, it was
considered essential to take cognizance Qf é éossible

K Yoo
attitude effect in an attempt toO minimize its '‘effect as a

5 0
moderator variable. -

The students‘;f éll teachers taking part in the
experimental curriculum fofmed the sample. ;This sample
was further Eroken do&n ipﬁo treatment groups of one group
for each teacher or method. Tach method was considered to’
. & ’
be‘distinct, having in common_oniy'the curricuium materials
and the structure of¢these materials within‘theffraﬁeWOrk
of the Inventorxf_ In thié ménnérlali treatment gfoups were
Lsubject to the same overall behavioral objectives but not,v

to the same methodology. It was therefore considered,

necessary to describe each method using procedures aimed at.
-~ .
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determining what‘actually took pléce, both from a long
range vie& and‘from a more intensive direct‘yiew.\

Adoptiég the terms used by Jackson (56), it was
considergd eésential to obtain information about the.pre—
active and interactive behavior of qadﬁ teacher. (Inter-
active behavigf refers to behavior in’ the classroom in
which the teacher interac£s with\the sﬁudents and preactive
behav;or refers to behaviors which ére relevant to teachiné

ggt do not include interaction with the students.} Follow—

ing the evaluation of student performance upon selected

© )

' . .
evaluation instruments, the information obtained about each

method was related to the évaluétion of st&dent achievement.
The diagram bélow illustgates:an inst?uctiOnal;modeliwhich
gﬁows the relatibnships Eetween the main cbncerné-of the
study. | ; : | ) ‘  ¥ o o
In ﬁhis study, in terms of the above model; informa—f
tion was gathered relative to the éreactive and iﬁteractﬁ&e
behavior of the teachers and, at thé'same‘time, part of the
instrubtiqnal ﬁodei”Qas formed by carrYing‘out an e&alﬁation
of student perfofmanqe relativelto phé behéviofal objectives,
Qf the experimental curricﬂlu%. ‘ :
‘The'beﬁaviofal objectiQes Qeré é;;;ly those as

implied by the science processes as set out in the Inventory.

(A
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That is, cach process when prefixed by the words: “"The

Y
student should be able to" and altered slnghtly in the
interests of grammatical”correctness was considered to be

a behavioral objective. ‘These bechavioral objectives were
4 - . P It}
. common to all groups by agreement with the part;cipating

teachers; i.e, it was establlshed at an in-service session

prior to any pretesting of students that Leachlng within

-~

v
the framework of the Inventorx meant the acceétance of the

N

aforementioned overall behavioral objectives.
It was considered reasonable t_! believe that

individuals_ become more‘prdficient in“what they practice. -

Teaehers partieipétisé in the eﬁperimental curriculum had
aeoepted the behavioral'objeEtives as implied by the
Inventorx and the students of these teachers would (or
should) be using the processes of SC1ent1f1c inquiry hn
deailng w;th "1nvestlgatlons.f The students,of‘these teach—
ers should’therefote be gaining- skill in, ano knowledge’of,

the_procesSes'of sciéntific inquiry as set .out in the-
’ p . ' . \ , .

InVentorX - Students who actlvely part1c1pated in act1v1t1es

which- requlred that they deal Nlth sc1ent1Flc investigations

A

ShOuld become more eff1c1ent in knowing th .to deal with a
real or simulated scientific ihvestigation. The main

instruetiohal str tegy of using the procc ses of scientific

*To- ©
% P
“ y \

1nqu1ry in conjunction w1th investigations is one in which

7
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the stuldent "imitateg" the scientist and thus gains famil-
r4riry with the ractics bmploycd by clentr sts.

The instruments selected, prepared, or adapted for
tﬁe evaluation of student. achievement of behavioral obiec-

tives were expected to probe the students', (a) knowledge
of, aigd skill in, the processes of science,‘(b)'knowledge
abog@ scientists and the scientific enterprise, and (¢)

efriciency'in inquiry procedures. Inquiry procedures in
the senge used in (c) refers to 1nqu1ry in which according
to Suchmen (114) the student (l) searches (2) processes
data ( j)‘discovers, and (4) verifies.\ Essentially the
eveluation;procedures were desrgned'to harmoni;e with the
overall objectives of the'experiﬁeutal curriculum.
Although the main instructional strategy of the

[
experlmental curriculum was to have the otudent "imitate"

.the scientist, it was also recognized that there is a place

9

for other 1nstructlonal scrategles in speC1f1c instances.
-~

Step-wise or hlerarchal models may be used qulte effec-

tively for the development of specific knowledges or skills

o

and rote learnlng by means of S-R models may be desirable

N

1."

in some 1nstances. There is probably merlt in having stu-

dents of blologlcal science deal Wlth 51mple exerc1ses in

cla551f1catlon and contlnue in h1erarcha1 fashlon thraugh
. \ .
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more complex cxamples. Similarly, chemistiy students couldA
Jbecome familiar with the symbols of the more commonnelements
by means of an éffective use of S-R models.,.

This researcher had little control over the left-
héhd side Of the foregoing model, (Figure 1l). The structure
of the discipline'énd the conceptual SCHGmes and concepts
which influenced the teachers' preactive behavior were
largely determined by the fact that all of the students in
the sample were studying b&plogical science at the grade
seven level and had access to the same.textuél and reference
materials. (Conceptual sc¢hemes and concepts are not included
as part'of the diécipline in the recognitiog that alﬁhougﬁ
each‘diséTpline has its own set of conceptual schemes and
no one set can apply.to all disciplines, there are some
conceptual_schemes common to more than oﬁé discipline.)’ Thé
overall objectives, as explained above,iwere the saﬁé fop}
all groups but each teacher was freé.to select and adapt
methqu whic@ he corsidered to be most suitabl? for the
attaining of.these objectives,

This résearcher rejééted.the idea'that, when clasg—
'room instructién is considered as aﬂtreatment, treatmént
qogld be spécified in aévance. Instead he adopted ﬁhe

point of view that the nature of each treatment had to be
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cestimated from information related to what actyally took

4
v

plage within the classroom.

Essentially this stydy resolved itself into two
)

. b o, . .
interdependent parts as illustrated in Figure 2,

I Ix
Determination of Comparison of Groups in
Similarities and ¢ Terms of the Achievement
Differences in of the Objectives of the

Input o : ‘Experimental Curriculum
as estimated ' ‘ as estimated
by . ' by
instruments and procedures - \ instruments designed to
designed to gain informa- ‘ test or probe the
tion relative to: students':
{(a) the énaracteristics of (a) knowledge of and
the science teacher skill in the' pro-
and 8 ‘cesses of science
(b) how the teacher - (b) knowledge about
utilized the processes : scientists and the
of science in the: scientific enterprise
teaching of science. (c) efficiency in inquiry

procedures.

i

Search for Regularities

Figure 2. The evaluation model

It was anticipated that the information obtained

. about the similarities and differences in input, could be .

- ¢

£y

\
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\
matched to ‘the information obtained from Lhc comparison of
\ .

the achlevement of groups to reveal some regularltles.‘ If

such regularities existed," some inferences could,concejvably

be drawn about t}e kind of input which tended to naXimize

brocess approach object

v

\ II. THE SAMPLE

A\ . 9
\,

All students of’teachers using the experimental .
brogram formed the sample provided these students remained

in attendance in the same class for the complete period

under observation. The sample was thus composed of s1xteen

classes or a total of 373 students. The teacher\partic—
. ’ “\\

ipants were volunteers who agreed tc,‘(a)_teach withfn\the

\

framework of the Inventorz (b) submlt ‘a daily log book of

&

their teaching activities w1th their experlmental classes,

(c) allow a team of observers into their classes for a mln- \

-glmum of three sessions, and (d) part1c1pate,in a series of

/ L]
iq—service sessions.

The . teacher participants could not be consrdered to
be representatwve of the popugatlon of jun;or hlgh school
. Science teachers in the city of Edmonton In the view of

this wrlter these teachers were superlor teachers who were

qulte 1nterested in 1mpLOV1ng the quallty of science

{

\

\

\



100.
education. All of the teachers had at least two years

experience with the Inventory and four of the five active
, i
participants were junior high school science coordinators in
. , . .

the school system. (Each coordinator had responsibility for
several schools. He acted in an advisory capacity and

atté%bted to coordinate science activities among the échools
. .

under his surveillance,)

/aTﬁe in-service sessions were held every third week
beginnihg with the fnitiai meeting during the second week .
of September. A total of six were held in all. vThé sessiqﬁs
vwe#e chaired by David Powléy (94) who was interested in
developing instructional techniques suisable for ;ntegrating
_the prAZess dimeﬁsion into-a science curri@ulum. Part of |
the.firsttsessié;-was deyoﬁed to the establishment'éf agree-
'meht among thé participaﬁts'about the amoﬁﬁt of'tiﬁmr' =
available to this researchér and his co-Workei such’thét the
reséarchers would obtain the required. 1nformatlon with
mlnlmal dlsturbance of classroom ;outlne The remainder of
the flrst session cons1sted'of a rather free—wheellng discus-
sion of the - experlmental curriculum in Wthh the teacher
part1C1§;nts exchanged views én'methods of teachiﬁg within.
tﬁe ffamework‘pf t@é.invéntofx; During the second session »

this researc¢her outlined his'plans for the evaluation

. < - .“ 5
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aspects of the experimental curriculum. The remalnlng four
- By

' .Sessions were devoted. to con31deratlon of\?arlous instruc-

tional modes suitable for use in the Process dimension. The

out by Powley (94)."it is to be clearly und%rstood that
these se551ons were tonsldered to be seminars part1c1pated
in by equals- and although Powley presenteq demonstrations
of possible methods for integrating the process dimens16n
1nto a sc1enee curriculum the teachers were under no ebllga—
'tlon to accept any Suggestions. h

Although the teachers appeared to form a‘somewhat

homogeneous group, some dlfferences were suggested during

1n-serv1ce sessions. This\researcher made notes about the
.spontaneOus debates which occurred during the first two
'sessions and- then 1istened,to a taped recording of these

‘sessions. It seemed ev1dent that the teachers q?signatedv'

herelnafter as A, B, c D, and E, respectively, emphasized

ual»teacher; The 1mpreSS1ons galned somewhat 1ntu1t1vely by
/
this researcher sugoested the follow1ng characterlstlc
emphases- f}_ o o N
. ,
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Teacher

Teacher

Teacher
Teacher

“ Teacher

i
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Loosely structured inquiry, emphasis on
discovery
Emphasis on processes as listed in the
Ihventorx and occasionally studying the
processes in isolation

‘ ) N ‘
Subject matter leading rather than lagging
the inquiry.

Processes of sc1ence not emphasized by name;

: a551m11at10n by utlllzatlon emphasized

Utilization of processes. Naming of spec-

ific processes considered to be important.

The sample was‘considered td'be composed of six

- treatment groups of grade seven students, designated

herelnafter as groups A, B C, D, E, and X, respectively.

Groups A to E inclusive were comprised of students of

teachers who actively participated in all phases of the

program, whereas group X was comprlsed of two classes of one

teacher who had not volunteered for the program but" did.

Il

teach within the framework of the InvenLorr and pad coop-~’

erated Closely with one of the active part vants. This

. ‘.,._.ﬁ,___.__.uq

groupk(X) was 1ncluded because groups E anc X-het as a large

group for some large group instruction.

TaLle I shows the»distributioh of the students by

~

/



103.

Zs

—

[T N STa1O 66T N sdog , €Lt E | - N-Te3og,

6t 8v © L8 . S9 . , - 8 - N duoao

-

%t €T 9T C Tz Lz LT Tz 2z Lz LT vz vz 9z of 9z & SSeTd

9T €T ¢ 6 ST = 8 8 IT €& »T ST  zT 9T ST N sTxmo
0T 0T 6 2T 2T T €T %1 91. +#I.9 & YT %1 1t - N skog
ST 9T €T 2T 1T o 6 8 L 9 o v € ¢z T = ssvId
XX = 3a aa o o g ¥ . 4nowo

SINZANLS J0. NOIINGIULSIQ | -
I &19va e



o . 104.
sex, class, and experimental group. Five schools were
involved in the study as gr;ups D and X came from the séme
school and shared the same facilitiés. Although no inférma—
tién was available to indicate the economic status of the
parents of the students, it was noted that groups B, E, and
X attended ;chool: in ﬁewly developed areas of the city
whefeas groups A, C, and D attended schools in established
areas. bFor thé thréé groups in established areaé, the
economic status of the neighborhood would place. group D on

" the highest level economically and group.A on the lowest.

\

~ An important part of this study as illustrated'in

III. TESTING PROCEDURES AND TREATMENTS

EN

the evaluationAmodéi (Figure 2) was the assessment of
student achievement.. It was.realized that excessive testing
could cause students to become resentful or bored and thus
introduce an‘upsetting factor which is diffiéult to_éontrol.
This suggested that a balance must be atﬁained betweeﬁ stu-
dent~tbleranc%lof a testing pfogram and thg obtaining of .
adequate infoﬁmétioh._ Crucial to this aspect of this study ,
was the attitude of the participatiﬁg teacﬁers.\ Their full

. cooperation was assured providing all student evaluation was

confined to regular class periods and limited to—a
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to a maximum of seven periods. This arrangement allowed
for all testing which was considered to be essential.
Treatments were 51m11ar only in the sense that each
teacher ooerated within the framework of the same overall
objectlves as implied by the Inventory. This assured
(barrlng undue outside 1nfluences) a set of trcatments whose
dlfferences would be effected by each teacher's interpreta-
tion of .-the overall curriculum and.the methods and tech-
niques employed by each to attain the objectives of this
Y A . :
curriculum. The nature of the differences among treatnents
was determined from daily log oooks submitted by each N

teacher and from c_assroom observations made in accordance .

e P

with pre-planned ooservat;onal technlques using an instrument

prepared for thlS purpose * | .

The groups were pretested during the first two weeks

1

of October using the Test On Understand:ng Science Form ew

(

(TOUS) and the Cooperative General*Science Test-Form B. The

—

tests' scores relating to I.Q. were available at the schools

as all students who had been in grade six the previous year
/ :

had wrltten the Lorge- ThorndJke Intelligence Test (verbal

i

*Copies of the Log Book and observatlonal Instrument
are presented in Appendix B.
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and non-verbal). During the month of February five tests

were administered. These included TOUS as a posttest, the

Science Reasoning Test (SRT), the Process of Science Test
: — = = 7

(PST), the Inquiry Efficiency Test (1ET), and‘thé‘Hdw‘I

—

!

Feel About My School (HIFAMS) attitude test.
In terms of the evaluation model (Figure 2), the
TOUS was used to measure knowledge about scientists and the ‘

scientific enterprise. The Process of Science Test (PST)

and the Science Reasoning Test (SRT) were designed to

measure knowledge of and skill in the brocgsses of science.

. The Inquiry Efficiency: Test (IET) (a modification of the

i ’ !

TAB Science Test (57)) was used to compare students in terms

of their ability to select questions whose answers are rel-

‘

.e;anf to the solutién'of.an unfamiliar problem in science,

The latter threé”iqstruménts‘were prépared or modified for

this study and,‘althéﬁgh field tested in a‘pilot‘study, are
relétivelytuntried instrumenf; which should belihferpreted

with some caution.

The aforementioned three science tests depended
. A. » PO

< . o . . g :
' . ¢, . o .
upon student reaction to a new or novel situation hence a

\

repetition of them would have little meaning. It was

‘considered impracticable to construct a parallel form of

each using the criteria suggested by.Gulliksen (49) because
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each test involved several "1nvest1gatlons" which, due to
the small number per tcst,‘could not be considered as a
sample of the domain of possible investiéations.‘ This
would make the probability of equal medhs ahd standard’
deviations somewhat unlikely. Even if parallel forms were
available, the limited testlng petlod would n%cessitate the
elimination Of other instruments - ‘considered ;5 be essential
for thlS study. From~these considerations it was decided

to use the PST, IET, and SRT as posttests only A-descfip-

-
tion of the instruments and evaluatlve procedures follows ;

A. 'Tests and Instruments

‘Co-operative Science Test. This instrument has

\

been widely used and statlstlcs relating to it are well

documented (25) . It consists of sixty multiple choice

kN

items and has a time limit of forty minutes. The statls—
. 5

thS relatlng to 1t were taken from populatlons/whlch may
. / -

not be representat;ve of the sample used in thlS study. _‘;

.The scores obtalned from the admlnlstratlon of thls

>

'1nstrument ‘in the Present study were analyzed and thé
l

- i

rellablllty calculated u51ng the Kuder-RLcaardEon Fo;mula;

20. The KR- 20 rellablllty coeff1c1ent calculated for the

e

~sample of 373 students equalleJ .86, Thls compares

8]
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favorably with the reliabi;ity estimate of .90 published

in the Co-operative Science Test Handbook . (25) .

Test on Understanding Science (TOUS) .. * This test,

as indicated previously, has undergone considerable testlng
and has been widely used in studies dcaling with curric;lum'
evaluatlgn. Tne TOUS tests, of which the form Ew is suit—
able for junior hidhsschool students, are designed to
sample‘three areasdef understanding: ‘underStanl;nglabout
the scientific enterbrise, understanddng abodt fhe pefsonaI

\ . .
characteristics of'sciéhtists, and understanding about tHed
'methodsdaad‘aims of scieace;

- Using the Kuder-Richardson FosmulaIZO, a coeffie-ﬂ
iens of reliability‘of'o 64 was obtained from the pretest
data and a coeff1c1ent of reliability of 0. 72 on the
pPosttest data. 1 |

Tﬁe items in éhe'TOUS test were grouped into three;”‘
main’ categories according .to the area of understandlng being
sampled. This was accompllshed w1th the ass1stance of four.

Judges ‘who were specialists in science educatlon. Each of

Lhe judges was given a copy. of the test and was asked to

*See Appendix C pP-.273 for a copy. of this test.
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list” the items whieh seemed to %elohg to each of the three

areas of understandingilisted pPreviously, namely: (a).

-~

understanding about

the scientifjc enterprise, (b) under-

. standing apbout the personal characteristics of scientists,

and (c) understanding about the methods and aims of science.

/

Althouc’
‘z;judges,
six items,

;1on with the Judge

~he classificétion was done independently by the

agreement was achieved on thifty—two of the thirty-

.

Unanimity of agreement was achietved by consulta-

who falled to, agree w1th 'the majorlty

In: all four Lnstances the dlsagreements were duc to a

=r

falluge on the part
complete item being
part in the stem or

-Items 2," 5,

allocated ‘o (a) as -

items 6, 8, 12, 18,

1, 3, 4, 7, 11, 14,

PN

32, 34,

and 35 to (c).

of,some of the judges tO'consider the
judged rather Lhap,some one particular
the body :F the =M. - :
9, 10, 13, ~ "k, R9, and 33 were
categorized in fhe previous parggraph,
20, 26, 31, and 36 _£8 (b), and items.
15, 1le, 17, 19, 21, 23, 25, 27, 28, 30,

In this manner three sub-tests were

'formed‘Which will éubséqgently be refepred to as TOUS (a), -

TOUS (b) and TOUS (¢) reépectdvely.

-

>Inqujry Efficiency Test (IET).

“*See Appendix C p.284 for. a copy Of this tést

*” This test is simply -

Q
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an adaptation of the TAB Science Test (57) and consists of

. iy
a combination of Form A and Form B. This procedure was

hecessary because one film from each form had alrEadyzpeen

»

viewed by some -of the classes in‘the sample.
Asvadépted, this test COnsists of three sections.
In section 1 a phy51cs problem focus fllm is presented and
“the student is asked to select the most correct explanation
from a given set. 1In section 2 the student is preeented

~with a list of questions answerable by a "yes" or "no"

response. The correct response (" es" or "no") follows each
v p Y
. - A |~ \

- : : ’ . {
question but is cempletely masked by easily erasable

material. The student,@athers clues one at a time by eras-

ing the material covering the correct answe- . Finally in
. ) , ,

section 3, the student is-presented with the same set of -
explanations as those found in section l.. When he is con-

fident that he knows the c¢orrect enswerA(er when- he has

~
exhaustedaall of the questlons of section 2) he may select

i 9 .
the explanatlon he cons1ders to be correct by era51;;\¢he

material covering the ."yves" or "no" opp051te each explana—
. . Y
Jtion. A "yes" indicates that his selection_is the-correct

’ -

QneJ Should he fall to get the correct answer on the flrSL

try he is entltled to go back to sect¢on l to search for .

.

N\, ' S
more information. ‘ g
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Scoring fof the test is based upon assigning a
score of 20 for the correct solutdon to each probleh. This
score is reduced by 1 point for each question "asked" in
section 2 w1th the proviso that one question may be "asked"
withou- oenalty; A failure to select theccorrect explana-
tion .from section 3 is assignedva penalty of 6 points for
each wrong sele¢tion.

This method of scorlnd was chcsen because of its /
relative 51mclJc1ty and becau:e it promlsed to av01d procur -
ing data containing aéparent discontinuites. This would
make the data more amenable to subeequent analy51s. The
child was thds not penalized for not-gathering informatidn.
ThlS writer 1shlncllned to the view that not enoudh is
known about whether an "optlmal.sequeqpe" does in fact
exist, o penalize‘a.student for failing tc select a’pre—
determinedxcne. The gaps in knowledge which exist in

ﬁ

chlldren depend on so many factors that it wag, con51dered
/

unwise to arbltrarlly assign weights to 1nd1v1dual questlons.

Science Reasonlng_Teat (SRT) .* ThlS'teStais

entirely verbal and has a format similar to the test
mentioned in Chapter 2 developed:for college students by

*See Appendix C p.296 for a copy of this test
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Mary Alice Burmester (17). Inltlally seventy items were
)
prepared and de51gned to match the processes of scrence as

set out in the Inventory Slthout pPlacing undue emphasis upon
.the name of each particular process.' A deliberate attempt
was made to use synonyms and associated description to avoid
_giving advantages to students who had heeh driiled on the
names of the processes‘oflscience as listed in the Inventory.
These seventf items_were submitted to a grenp of ten grade
seven students in an'infermal setting under the supervision
of the reSearcher. The students answered the questions with
the understandlng that they were free to ask’ questlons abont
anything which they did not understand. This pLellmlnary
work was qulte helprul because of the spontaneous nature of
. the students' comments and reactlonc and prov1ded advance
'notlce deallng wrth readablllty level time requlrements;
and the difficulty Jdevel of the questlons. In view df these

3

gross 1nd1catlons revisions were made and the test adjusted
to.contaln 40 1tems o :L - ' %d.

The test in this form was snbnltted to a, panel of
four judces who met 1n.comm1ttee with the author. An item‘
- was con51dered to be satlsfactOLy if it matched one of the

‘ seventeen processes of the In ventorz and was free frem ;

amblgultles. tems_were reVLsed in accordance'with
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suggestions whlch formed the consensus of the committee,
. The rev1sed form was: then used in a smal] bilot study as

detalled below " Minor changes in wording were' made and the

Richardson Formula 20 gave a value of .78,

Process of Sclence Test (PST) For thlS test two:

 films were selected as” simuIafea 1nvestigations in science.

-seven students -The two films which met these c:iteria were

BSCs Inqulry Fllms one entltled Phototroplsm and the other

i

. entltled The Amoeba It was necessary to block out the

was b10cked,off to the class

-~ :
This required considerable practice and made it -
| : ; ] . . , .

|-

.‘,*seé Appendix C P.304 for'a,copy Of this test L
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nécessaryvfor the administrator of the test to engage in a
series of prior viewings‘in'orderwto know preéisély when the
.subetitles were to appear: .

" Questions based on -the Inventory were prepared and

- submitted to a group of ten grade seven students in an

'informal setting.és.was done for the Science ReasohinQﬁTest.
After makinélrevisions»thch;seemed desirable, copies qf the/
test Qere given tq eééh 6f fdﬁf judgesqfor their'comments
,and-evaluations. Minor‘changes.iﬁ’WOfdihg andé%gEFat @eré

,' made and the test was used in a small pilot st¥dy in

conjunction'with the écience'Reasgning Test; ’As.a_:ésult
ofltﬁe e#perience!in°£he pilot stgdy, f;rt#ér.révisioné of -
-a minor nature were made. = In its final fé:g&the test was
made up of éwo méinrinvestiéatioﬁs with eigvég itéms asso-
ciated with eéch inveétigatioﬁ. Thgs fprm wéé\used in the
majbr'prdject.and the K—R?b ge%iability'caiculated. This
gave a rél;ability estimate of .53. As the K-R20 feliabii_
ity'is essehtiélly a'meaéureVOf internai coné{stepcy,»tﬁié
“relatively low &élue'prbﬁably refiec£s the diveréify/among

the items: . o o
The Pilot Stuay. “The ﬁwO'instrumentsvwhich weré
‘~spécifically desighed to measure the process dimension were

the Science.Reasoning Test and the Process QE_Science Test.
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It was considered essentlal to test whether these instru-
ments gave some promise of valldity before usinq them in the

-

project.

T&d classes of.grade seven.students were selected
for_thns‘purpose; The classes were approxinately equal in
termsfof I.Q. scores on’file.at the, school One of these
classes was taught by a teacher who was quite familiar with
‘the burpose and use of the Inventory. The'other class was
taught by a teacherAwho was not familiar wlth thefInventorx

or its_purpose~ The Sc1ence Reasonlng Test was admlnlstered

to each class on consecutlve perlods of the same day and a

/

—

51mllar procedure was followed for the Process of Science
Test one week later.. For purposes of»ldentification' these

classes are clas51f1ed as process—orlented and tradltlonal

respectlvely. A .

The results' of the pllot study are presented in

Table II. In both cases the process-orlented class dld

3 . :

better. 1In the comparlson of  the PST scores the difference_

betWeen.classes was significant (p = <03)"%  when it was
con51dered that thlS test used visual prcsentatlons as
,problem fOCl it. was belleved to more closely approach the
reallty of a practlcal sc1ent1f1c problem 1nvolv1ng lab—

oratory 1nvestlgatlons. Students who operate well in the

1,



TABLE II

PILOT STUDY DATA FOR PROCESS OF SCIENCE
TEST AND SCIENCE REASONING TEST

116.

Group I

Group II

Process-oriented Traditional

Class N =28 -

Class N = 28

-~ -

X X 5.D.

I.Q.:Verbal . ‘

Lorge-Thorndike 105.5 13.2 104.8 13.9

'I.Q. Non-verbal ' S

Lorge-Thorndike 107.3 13.4 106.9 14.5

Science Reasoning o : : -

Test (SRT) 17.2 6.0 14.1 5.5 = 3.36
= .07

Process of Science :

Test (PST). 9.5 2.7 7.8 2.1 = 5.76
= .03
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process dimension should therefore-be‘expected to achieve'
better in ﬁhis type of test than those who have not devel-
~oped this ébility. The more nearly a ércblem resembles a
scienéific investigétion, the greater should be the rel-
ative.spread between procéss—oriénted élassés‘and f;adi~
tional ciasses; ' This last statement merely reiterates a
truism that people-tend to do better in tasks which are

familiar to them and in which they have had an opportunity

to participate and practice.
v ¢

‘How I Feel Aboutaﬂx School  (HIFAMS) .* This instru-
ment was préparea‘by Cbéter'and moaified by Pyra (96). It
g@nsists of-31 items and purporté to meaSufe a Studgnt”s‘ﬂi/
attitude toward schoollffom sﬁudent respoﬁses reéérded Qn a -’
five pcint Likert type séalé.

Oﬁservftional Instrument.** This instrument was
(4 - f

prepared and -used jointly by this‘researcher and Powley.

"(®L ). 1t consists of two pafts'on‘which*observations are
recorded concuxrently. It utilizes a time sequénce tech-

! . : . : .
‘nique in ‘which regordings are made at two minute intervals.

Part I of thevobservational'Iﬁétrument'was designed

to aid inlvalidating_the reports of long term procedures as
" ‘ g . ==

. *See Appendix C p;315 for a copy of this instrument

**gee Appendix C p.326 for a copy of this instrument
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recorded by the teachers ih log books specifically designed
for this purpose. This portion'of the instrument attempted
to determine what mggning could be attached to the processes
ofvscience as identified by the teacher.‘rPart II of the

bs:. v.*ional Instrument w¥s an adéptation of the'sciencé"

obser ati:al instrument as prepared by Fischler and Zimmer

(34). 1This portion of the instrument was used to gain

‘information abcut student-teacher interaction and to obtain

i

a profile of inri.vidual teaching behavior.

The instrument was field tested by two observers and

a taped recording of the observed lesson was obtained sim-

L

ultaneously. By prior agreement the observers agreed to ‘.

recqrd‘the main categories by a diagonal stroke and to use
N / i _ : '
a check mark for subsidiary categories noted during the

interval. To avoid any tendency to limit observations to‘a\
. , 'l :

locélized.section of the classroom, the élaésroom was
divided into éuadrants and‘thé.observers shifted their
attention to the next gquadrant in a cduhterclpckwis@ d;rec—
tion at iﬁtervals of ten minutes. _Immediateiy after the
6ﬁserVétional period of oﬁe class period duration, the

observers checked for areas of disagreement and listened to

‘a playback of the correspdnding tape in order to improve the

_ consistency of the results for subsequent observations.

P
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Minor differences were noted in Part II of the Observationél

.

Instrument. These differences were due almost in their

" ‘ L I
entirety to variations in the interpretations made by the

respective observers. Agreement was arrived at in this area

before the instrument was used in the project.

¢

Part I of the Observational Instrument listed the

!
\

seventeen major process categories‘énd had associated Qith
it a teacher report format whicﬁ also listed tﬁeSe seventeen
processes. Immediately féllowing each lesson the teacher
listed the‘procésses with which he had been dealing. Part I

‘of the Observational Instrument was ‘designed to determine

whether the teacher's conception of the particular science
processes agreed with £he criterion or‘standard established °
by thé,observers (judges) .

| Tﬁe judges' standard was ésfablished by prior deci-
sion that any disagreeﬁeng existing between judges would be
resol&ed by means of the taped recordings of thg claSSroomi-
discouése;” The time of the disagreehent wouldrgérno;ed from
the observational instrument and the time sequence could
then be checked from a playback of the £apédrécordings.’>No
gategorization was totb; considered valid ﬁnless both judges
,agfe@d upon a partichar ;orréétion and ﬁhis judgment was

verified by consultation with‘two other independent judges

¥
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familiar with this’particular aspect of‘scienceﬂeducation.
In no case was it found necesséry to resort to this p:oced—
ure as there was‘perfect‘agreement‘bgtween £he‘observers on
the major categories of Part I of the.instrumgﬁt. (The
judgmenté for thi; §art‘of'the instrumené'réquired straight-

forward decisions such as: "Are thej dealing with observa-

b

_tions?".' Unanimity of judgment here was not entirely . .

unexpected.) ™~

To obtain some measure of the reliability of the
instrument, a chi-squére test waé performed on Part I of the
instrument to test agreement between judges™ in the sub-

categories. The formulé used in calculating the value of
: - ¥}
N

chi-square for each test was the familiar: : N

n
2_% (05 - E )2
X-g,

’ : N 1

In this formula, E is the expected and, O the obsgrvgd'fre;

quency.' Under the null hypothesis to be'tested, the

' estimated frequency would be the mean frequency assigned to

each category by the two observers. It was considered that
if the null hypothesis éould not be rejected for the sub-
categories, then reliabilityJor consistency of judgment

would practically be assured for the major categories. For

_part II a chi-square test was alsd performed to test tEE/“

e

consistency of the jud«.. .ts‘madé by the observers.
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'

Categories in this séctibn required judgments involving,

. ] . - .
differences in degree, in some instances, so a rejection of

the null hypothesis that no difference existed between

judges would tend to

categorizations were

In Table III

(p <€ .05) are given

plus the approximate

\

be more probable than if only discrete

\

involved., )
L \ .

which follows, the critical values
for not rejecting the null hypothesis

probabiiity of obtaining a chi-square

e

less than the calculated value.

‘CHI-SQUARE CALCULATIONS TO TEST OBSERVER AGREEMENT

N

~

TABLE IIIX

¢

<

7

Observational Degrees : Chi-Square .. 'Critical Probabiliﬂy

Instrument of {calculated) Va1u9/* of Obtaining
'~ Freedom . u><Q05)~_a Chi-square
C ) : ' . Less Than
_Calculated
™ " Value
| L
: ' - 57 . 0
Part I 9 .72 16.92 .05
part II 20 9.07 =~ o 31.41 .05

N

The null hypothesis is not ﬁéjected for either Part

I or Rart II of the instrument, so‘on this basis the

observers were .not statistically different. This, in itself, -

N
[

-
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1S not necessarily a strcng argument fcr reliability claims
but when the low probability level for obtaining‘a lower chi-
square than the calculated one is conSidered some weight is
added to the claim that the 1nstrument as used; produced

reliable data in the inter-rater reliability sense. .
: ' 4 - .

B. VALIDATION PROCEDURES
. .

In essence,tvalidation=deals with whether a test
) . - . \ . . - "“ .

measures what it purports to measure. ‘The procedures des -
cribed herein deal mainly with attempts to determine what,
/ . o

in fact, was_being,measured.‘ Four categdries are commonly

-

used to cla551fy validation procedures.- These categories,
as- cla531fied by the American Psychological Assgc1ation s
Technical Recommendations are designated as content,

concurrent,,cdnstruct, and‘predictive validity, According
tokThorndike?and Hagen (121), there ‘are two»mainitypes;of
- evidence beéaring on the validity of a test nahely, rational

<

andiempirical The rational ev1dence for - this present study

P

depended largely on -the opinion of judges and the close

relationship Qf the task:s required in the-test'to tasks
. 3 . - . R
required in actual classroon activities. These procedures

have been described previously‘so.the‘follcwing will be

concerned mainly with presentiig evidence of an empirical oOr



statistical variety.

1

Cohcnrfent Validitx_gﬁlthc Science -Tests

/t\ ’ A bnsic assum?tion“was made thatgtne teachers
co~0perating_in the project were capable of judging student
performanCG‘ln calrylng out scnentlffc nnvestlgatlons.
Accordangly cach teacher was supplied with a key developcd
by Wﬁlson (129) for the‘grading of laboratory performance in'
Bioiogy conrses (See Figure 3). Each teacher was given a

prepared:listrof his students and instructed to assigm a

grade in accordance with the key. No further elaboraticns

" or ins tructlons were glven. The. assigned grade was used as

' the cr1te€kgp score -and "elatlonshlps between the crlterlon

PR -
g

sc01es and each of the sc1ence teé% scores were obtalned

1 : : Fo o

© For purooses of - analy51s the SC1ence Reasoning est

was diyided_into _three parts.* SRT l contained questlohs

deallng w1th recognltlon of the phases of a SC1ent1f1c

,oc

i 1nvestlgatxon SRT 2 contained questlons whlch\requlre a

student to exercise judgment about the sultablllty of an

experiment ﬁor a glven problem; ‘and SRT .3 contains questions

which‘fequire a student to-eGaluate facts relatedfto substan-

.tlatlon of a glven hypothes1s or the refutatlon of this

pd i
o

hypgthe51s. The Process.gf Science Test wasﬁdivided into

two parts. 'Each part contained questions related {0 a
X . ) , \ . ° N ‘: P
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[

Figure 3: Teachers' Guide For Assigning Student Grades

ESTIMATED GRADE FOR STUDENT
(KEY)

Excellent student. Does all work enthusiastically,
conscientiously. Excellent skills. Asks thoughtful

7 questions. Requires little direction. Keen observer.
Goes beyond the required minimum in work, ‘Well
brepared. Reports thorough, shows command of prin-
ciples, and offers logical explanations for discrep-
ancies in data. : -

fVery good student. Does all work well but rarely does
anything other than assigned. Good sk'lls. Understands.
6 work. Shows preparation. Relatively independent, '
needing little help. ' Anxious to improve. Good
interest. "Sincere in his Study and work. Reports
complete, but discussions of results demonstrate a
limited amount of originality of thought.

Good student. Completes assignments. Needs occasional -
help, responds well, corrects'mis%§ken notions anél

5 faulty skills, but still uncertain’ on some points. -

A Skills a little crude. Occasionally dnprepared. Mod-
erately intecrested 4in work . Reports contain some
inaccuracies and omissions, but seem to be the stu- i

~derft's own work.

dpper average student.: Work occasionally incomplete.

Needs frequent help, does not always understand read-

4 ily. Preparation weak. Occasional spurts of interest.
Insincere at times. Reports either contain repeated

errors and omit items or.suégest they are not original

work., Data reported for some exercises may well be . /;////
"dry lab" results. o ) -
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A

Figure 3 (cont'd): .Teachers' Guide'For Assigning Student
Grades -

ESTIMATED GRADE FOR STUDENT
' (KEY)

Lower average student. Work frequently incomplete.
Low interest level. Seldom prepared. Needs regular

3 help but does not respond well to it. Generally works
only when prodded. Poor and incomplete reports and
occasionally none at all. \ '

Poor student. Work rarely complete. Regularly
unprepared. Very low interest. Lab a chore (and

2 bore) to him. Occasionally makes a little effort.
Seeks opportunities and means of‘omitting exercises

and assignments.
3

Failing student. Hopeless in the lab. Hardly ever
completes work. Very seldom pPrepared. No interest.
1 ;Unwilling to work and co-operate. Takes unexcused

. "QutS n . 4 .
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‘particular problem focus film; " Total scores on these tests
were referred to as SRT and PST scores respectively.
It was expected that the COOP test scores would be

‘a good predictor of sdbsequent performance in carrying_out

.
o

scientific investigations. This'expectation followed as a

result of the knowie&ge thét the Cooperatite General Science
‘Test surveys the concepts. in elementary ecience., It woulal
be reasonable, therefore, to e#pect thet students who
achleved well on thlS test would be better equlpped\to carry
out scientific 1nvest1gatlons than those who did not because -
‘these test scores depend not only on the‘knowledge of
scienee but also upon the "ability ta'apply knoWledge'in-
problem situations, and abilitylto analyze and evaluate
seientific ideas and. procedures." (25)- "

The main pufpesevef including the'CdOP‘teét scores"
in the ebmparisons was to provide a check on teachers' ret—
ings of-etudent.perfermance.v In aecordaneevwith the argu-
‘ment in~the preceding paraéraph; the suitability of using
teachers' gradeé‘as evidence Qf validity~woﬁld be question—
’abié if no rélationeh;p existed between‘these grédes,and.
‘scofesiobtainea.in the COOP science test.

]

Hypothesis

There is no relations hip'between the scores on the
test and scores asulgned by teachers to 1nd1cate a
student's perfOLnanre in science.
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The correlations between teachers' ratings and test
scores were,computed and the ésSociated probabilities
calculated, These results are preseﬁted in Table IV;
The hypothesis of né relationship bétween test
Sco:éS'and téachers' ratings is rejected for five‘of-the

six *comparisons for the COOP science test, all comparisens

for the Science Reasoning Test, five of the six comparisons

for the Process of Science Test, and three out of six

comparisons for'tﬁe inquipy ﬁfficiéncZ_Test. Out of a.
to£a1 of. 54 comparisons, the~null»hypothesis ;é_fejectéd_in
47 instances or’in appr§xiﬁatély 87 per cent of the
compérisons. o
Tﬁé Eest scores’ which show_&ittle or ﬁa‘relationship
to fatings giveﬁ'by individual teachers include the:follow-

.

ing: COOP scores with ratings of'teacher'E,_PST scores with
' L3

!

ratings of teacher C, and IET scores withlratinés.of
téachers C? D, and E fespectively._‘With aﬁ increase of

, . | .
sample size, it is boésible that a.relatiqnshiévwould be -
indicéted invail'cases-except for the’comparisons'of IET -
with the raf%ngé of teéchers‘c and D. .In these latter ‘two
' cases the IET ié probably measuring sohethiné‘défferent f;bm,
what is being‘evaluéted'by'eithgr of these ﬁeécﬁefs;

When it seems desirable to average correlation
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TABLE IV

CE TEST SCORES AND TEACHERS'
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**p { 0.01

RATINGS
_ GROUP
TEST
A B c D E X
CoOP  0.68%% 0.47¢% . 0.35%%  0.63%%  0.25 0.49%*
'sRé 1 o.a7ex 0.39%* 0.29%% 0.67**= 0.58%* 6;36;f
SRiz 0.49%%  0.33%*  0.20 '0;34** 0.40%% ~ 0.34%%
SRT 3 0.49%%  0.49%% 0.37%%  0.43%%  0.38%  0.43%%
R 0.61%*%  0.54%%  0.37%%  0.61%* 0.63*¥ 0.48%*
psT :3€§36*v 0.27%  0.20  0.60%%  0.41%* = 0.51%%
PST 1. 0.31%%  0.12 0.07 | 0.53%% ,0.42%% | 0.50%*
i PST 2 o.éS* 0.29%  0.23 0;49*;  0.26 10.45**.
IET 0.43%%  0.28%  -0.09 0.01 0.27  0.55%%
. . q .
*p £ 6.05
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coefficients»the Fisher's z statistic is sometimes utilized.
U51ng\the transformatlon as glven ln Feérguson (32)
| 2y = X loge(l + r)-- e loge(l -'r)
where Zy refersvto the Fisherfs zy statistic and r the
Pearson product;moment correlation_coefficient, the correla-
tion coefficients of ‘Table IV were transformed to the
corrEsponding.Zr statistic. .These_were,averagediand the
corresponding r "calculated. The value of t and-the corres-—
ponding probabilityswas‘calculated;as beﬁore, This.proced—
ure was used as a device for'obtainlngﬂfurther information
pertalnlng to concurrent validity by obtalnlng an estimate
of the correlation between student scores recelued on the

‘

testS»and.ratings aS-assigned’by teachers. Essentlally .this.

' meant that an average teacher was postulated The number of

students was also con51dered in terms of the average number

of students per teacher. -

_As an alternative.prOcedure; the ratings\assigned
'by‘the teachers were treated as being representative of a
larger populatlon of ratlngs‘and correlated W1th tne SC1ence .
}\test scores by us1ng'the complete sample as a 51ngle group.

This resulted in an .increase in the numbcr of degrees of

freedom and asvexpected, each of the'comparisons showed a
. ‘ N . 3

Ce
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lower associated probability. The results: of the,eompar—

isons using the two'procedﬁres deseribed above aré sum-
: : T - o ‘ o
‘marized in Table V. f o I

. The data 1n‘Table V shows that the null hypothesis
is rejected for‘ea;;\éomparlson of the science tests, or
sub-tests and teachersf ratings. ?his indicetes that an
hypothesis.of a felatibnship beeween the teecher rating'eﬂd
any of the eorresponding teets is tenable. - To further prOﬁe,'
these relationships;’the teaeherS' rating score was eeiected:
as the_eriterion and thé-scores on the tes s es pre@ictore
determin;ng_the_order'in which. the. tests centrithed.ﬁd
pfedictability. |

For ﬁhis'purbose,a_computer program available at the
University'oflelberta was used. This program caleulates a
step—W1se regression ublng the}method of determlnants as -
outllned by Draper and Smlth (30). This @ethod assemblee.
‘the correlation coefficients into’a'matrix and selects var-
iables in'ﬁhe'regression.equation in the order in'whieh.the-

independe%; variebles'EOntribute to the:prediction_ofkthe

-dependent—vafiableAOr :espénse. The first variable Xi is
selected on the basis of the ratio riyriy/riji being a
maximum. After adjusting the correlation matrix for the-

entrance of Xi into regression, the next variable is
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A SUMMARY OF THE COMPOSITE RELATIONSHIPS BETWEEN )
SCIENCE TEST SCORES AND TEACHERS' RATINGS

;ﬁSTIMATED COMPOSITE ESTIMATEbACOMPOSIiEV
(AVERAGES) (COMPLETE GROUP)
TEST
r t p r t P
“coop .49 4.4  _.001 .47 9.5 .00l
SRT 1 .56 5.2 .00l .42 9.2 .00l
SRT 2 .36 2.9 .00l 32 6.6 .00l
SRT 3 a4 3.7 .001 45 - 9.3 001
/
SRT .55 5.1 .00l .52 13.0 .00l
PST ¢ .45‘ 3.9 .001 .34 7.0 .001
~ PST 1 .37 3.0 ;oo¥ .27 5.4 .001
pST 2 .35 2.9 , ;qu 29 5.7 .00l
IET .27 2.1 _\_gq; .21 4.1 .001
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selected in the same way using the adjusted matrix and so

~ on.
/ . o
Tests are made at each stage, by mean? of F-values,

for entry and deletion of a variable from the regression
equation. Because of the linear dependency between total

scores and sub-scores, predictability was determined first

A

. A

using sub-scores and again-using total scores. In the case

where the total écore was used, the COOP test used as a

"pretest . included as a predictor. - In all cases a prob-
ability -1 of .05 was used faqr adding.or/deieting var-

Aiables.

The results of these procedures are summarized in

T

Tables VI and VII and indicate tHat the Science Reasoning
Test seems to more closély_measure the performance measured

by teachers' ratings than do either the'ProceSS‘gg Science

Test or the Inquiry Efficiency Test. When the part that is

gohmon to the PST ahd SRT is accounted for, the IET ma§ be
relating to some'aspect of the teachers' things. The»
améunt of variance aécdunted’for by this panticuf;r fela—
_tiohship is too small to make any c;aims about a.definite
urelationship; i.e. the,inclusion of the IET as a predictor

. increased the amount of variance accounted for by less than

one per cent, . .- S ‘ ot
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TABLE VI

PREDICTION OF TEACHERS' RATING SCORES USING SRT 1, SRT 2,
SRT 3, PST 1, PST 2, AND IEF SCORES AS VARIABLES

étep 1 + Step 2 Step 3

Variable Entering SRT 3 SRT 1 IEF
F value For . —~ ‘ : ‘
Variable Entering 93.58 ¢ 35.16 4.41
Probability 0.01 0.01 0.04
Per Cent Variance _ J

~ Accounted For : 20.14 27.07 . 27.93
Multiple - ‘ | .
CorrelaFion (R) 0.45 0.52 - 0.53
P " 93.58 . 68.68 47.68
Probability . 001 901 o.01

Best Regression Equation:

TR = 2.000 + .142 SRT 1 + .201 SRT 3 + .019 IEF



134,
TABLE VITI

PREDICTION. OF TEACHERS' RATING SCORES “USING . COOP,
SRT, PST, - AND IEF SCORES AS VARIABLES

Step 1 Step 2
variable Entering : SRT : coop-
agﬁyalue For o B
“Variable Entering - 134.29 - 15.92 '
Probability 0.01 . 0101
Per Cent Variance ‘
Accounted For 26.58 29.61
Multiple o ) . _
Correlation (R) 0.52 © . 0.55
. y . ¥ .
F , S 134.29 77.81
Probability ' 0.01 7 0.01

Best Regression Equation:

+ TR = 2,011 + .098 SRT + .02' COOP ' p
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: T . v
Clearly then, although the hypothesis of a rela-

ftionShip between teachers' ratings at? any of the science

tests would be tenable, teachers' ngs are more closely

assoc1ated w1th the verbal tests than with the tests consid-

\
ered to be less dependent on verbal behav1or. ‘This is

revealed in Takle VII in which approximately 27% of the

N o4

" variance is accounted for in Step 1 using SR¥'as a predictor
. R / ) had
s o T . ; .
and a further 3% /added in Step 2 when ‘the COOP is added as
°

v

_ I
‘the second predictér. 1In view of the fact that school grad-

ings carried out by teachers are dependent on verbal tests

these results were’ not dlsapp01nt1ng and do not run counter
[>)

to the expectatlons ‘that some testlng procedures may be
. . .

measurlrg abllltles not entlrely 1ncluded in verbal ~tests.
4

Further data related to what was being measured by the
sc1ence tests is to be found in a later sectlon of this

chapter which deals with the overall valldlty of the test-

-

"ing instruments.

Validity Procedures for Hf?AMS
The HIFAMS test was desrgned as an attltude test

but it was believed that the nature of the questlons were -

“e such that more speC1f1c 1nformatlon could be obtalned by

‘grouplng the questions in such a manner that sub-tests

would be formed from questlons which seemed to be related
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.to more specific aspects of attltude} ‘Bach item was
accordingly treatedhas a sihglé‘test of a batterydof thirty—
one tests and the correlatioﬁ'between,item'sbores cal-
-culated. Each jitem was thus confidered‘tocrepresent;a
separate variable which“was:related to some asbect of
attitudeJ A principal.components factor analysis (50) was
carrled out in an. attempt to resolue thls.set of varlables

\lnto a smaller number of categorles which could be ident-

lfledqin'some meaningful way.
4 . '
In the mathematlcal problem carrled out by the

computer thennumber of factors prlnted out was determined

by seleoffng only elgenvalues greater than one from all of 9

o

'the«prlnc1pal components., This limited the number of fac~

tors to six. A varimax rotation (50) was carriedWOut and

the factors were tehtatively identified by noting the items-"
. N o \

which’ showed maximum loading on each factor. The HIFAMS

test was subsequently d1v1ded into 51x sub- tests rormed by
'grouplng together those‘items‘which,showed maximum loadings

on each factor.v The solutlon w1th va?inax rotatlon is glven'
in Table VIII in whlch asterisks are used to - deslgnate the

s

maximum loadlng for edch test As presented in Table VIII

items 2, 15,-18, 19, 22, 25, 28, 29, 30, and;31_maxiqallx.m‘
- : . . ‘ o '}Oj' o FE _
load on Féctor»I; items 5, 7, 9, 14,°20, and 26 .on Factor
/ | h

L
i
W



FACTOR/QOLUTION OF HIFAMS WITH VARIMAX ROTATION

TABLE

VIII
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-

C°“¢¢Ef?g5»;ibox

per ceNtPbf
var.. 49.48

-

1 '26.98 21.625 18.415

#

worl

TESTS' COMMUNAL- E . : .
% ITIES 'FACTORS -
I II IIT- v \Y V1
| . " : ,
1- ° .661 -231  -.083 -.046  .084  .769* -.013
2. .467 -399% Y.247  .365 .16%  .018 -.294
3. .390 ~.070  .003  .578% .181 _-.011 .134
M® 452 .271 . .279  [420% .007 1345 -.074
% .494 .+270 ° ..516* 224  .217 . -.136  .198
6. .597 ~.38Q  .019  .133 .602%* .134 -.233
7.  .472 JZLS\\;.S83* .241  .142 ..013 ' .083°
8. .308 ©.319 ~.238  .001  .332% .198 -.021
9.  .588 .069  .553% .224 -.108  .424 -.079
~ 14  .s31 .378  .320  .446* .161 .003  .247
11. - .450° .355°  .328 - .374¥ -.010 .245 -.,127
1R.  .518 -141 U379 5 :490% .123.: .098  .303
13. " .414 © L1760 .204  0.577% 001 .056 -.071
2la. ©..528 211 .644% -.079 _ 234  .047. -.070.
© 15, .497° -604% © .199 - ,.233  .024 .180 .075
~16.  .460° .344 ~ .306  .455* -.003 -.006 -.204
17.  .585 101 123 .117 -.021, .030 .738%
18.  .369 -393* ° .186 .18 - .300 _ .123 -,217
19, .582 .536% .471  .021  .123  .059° . .233
' 20. .496 .084  .542% 182 .125  .336  .181
21, .394 .245  .016 . .276 . .502* ,020 -.067
22, 14 .430% 082 ".261 ...331 .326 .197"
23,  .437 .170 -.089 . 1437% 243 . .366  .128
24, .563.° 243,196 -.1%3  elo* -.137. 194
25. .494 So/eo98* 127 02250 (165 0 .176  -.105
26.  .478 T.220 .642* 128 -.005 --.016- .0l4
27.  -.504 - -061 110 .153  .677* .079 .032
28. 512 -606% .171 122 .228 .189  .116 .
29. . .579, .696% .237 ".179  .046 -.060  .027
. +30. - .552 .549% 123 '.470  .037 -.050  .105
31 4Bl +526% .316 ~ .131 -.071  .109  .265
. Totalsl5.339 4.I39 3.317 2.825 2.174 1.556 1.327
" Per Cent of S o : '
14.175 10.145

8.654

‘& . . ) - - ' ) ,." ) -
é&s%.lo.?o '9.11 7.0l ' '5.02 4.28

A

R "r‘:*’g .
".: I ’

—



being sighificantly. different from zero.
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(II; items 3, 4, 10, 11, 12, 13, 16, and 23 on Factor III;

items 6, 8, 21, 24, and 27 on Factor IV; item 1 on Factor vV,

7

and finally, item 17 maximally loads on Factor VI.

As an aid in identifying the\facto;s, th%lave;age
Qalué in thesco;reiation matrix used in the anélysis'was
calculated to be r = 0.23. This value was uséd tq obtain a
rough estimate of the.standard error of- the faC§o; coefflc-
ients hsingﬁthe formula givén ip éarman'(SO):

a = %‘(B/r - 2.,- 5r + 4r2)/N”

"for N = 373 and r = :23,nthe %tandérd,efror'is .085. Any

éoefficient as large as' .26 could certainly be regarded as
. / o
- &

i'.The items whiéh 1oadéd signi-ficantly on one factor

~v

\_/zﬁa'did not load significantly on any other factor were .

.'regaxded as»being‘keys to the identification problem. The

rationale for the identification of each factor is presented

et

~below:
Factor I - Items 15, 25, 28, and 29 :at.:fied the
criteria of loading significantly on factor I not load

ing significantly on any other factor. These four ite

L 1

have a common theme ‘associated with how well the schoc -

staff Know and teach the subject matter of the courses

" available ag’ the schqg;4 Factor 1 was .identified &s being

o . N

» “ A

a;;:\ ) o -
X . ) Ve

o
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)

associated with the students' belief‘in the proficiency of
the school staff.

| Factor II - Items 7, ;4, and 26 were identified as
key items. ﬁThese items deai withofeelings of satisfaction
about the school and its faeilities. They do not have
large loadings eanactof I, already identified as being
assoc1ated w1th the prgflcnency of the school staff so
. JFactor IT was 1de;§if1ed as the factor deallng with feelings
of satisfactioq w}th school facilities and environment apart -
froﬁ/ﬁhe geﬁeral proficiency of the schodl staff.

Factor IIT - Items 3 and 13 are the key items. -

These items -are associated with a student's feellng of
'optlmlsm that teachers are 1nterested‘1n h1m and that he
d(the student) will achieve'future suecess. Although item
16 ddes not satisfy both eriter%aiused in choqsing key Items
. : . \ - S
it loads siénificantly on Factor III and deals Jith a feel-
ing of o eiving help and assistance.' Ttem 16 tends;to
confirm the clasSifieation‘ef Factor III as dealing with
personal satisfactidn and_gratification:

Factor v - Items 24 and 27 are key items and deal

~with a student“s opinion of others and how they treat him.

L

Factpr.Iv was therefore identified as baing associated with

feelings of acceptance. by others and was considered to be a

°
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sort of congeniality factor,

Factor V - Item 1 serves as the key iten. Thié item
deals‘with ﬁhe belief in the usefulneés of schpol work.
- Items 9, 20, 22} and 23 aléo havé sighificaht.loédings on
this factor. I}ems 9 and 20 deal with school aétivitie; and
school spirit FéspeétiVély, item 22 deéls‘with the_useful—b
ness of schq?l.work for a satisfying enjoyable.life. In the
-sense that peoéie teﬁd t§~work at what is purposeful to
- them, item 23, which'deais with the ' -ee to.-which a stu-
dent works, could be directly rélatéq the othéf itemé.
'Facﬁog V was therefore idenﬁifiéd aé the belief in the use-
fulneés of school work. ‘

Factoxr QI - Iteﬁ l7 is' the kéy item and deals with -
feelings\éggpéfsfgd with tpe(idea of receiving help or
guidanée from adults. The loédingvof item 17 on,fhié-factor

is relatively high (.74) and all other loadings of this.item

are nea? zero. Factor VI was therefore identified as the

YL ';.4 o . )
~ . oA . L ]

attitude fo‘gﬁidahce'réﬁ;tvéd_from adults.
| 'Sub—tgsté‘were formed whése’sébres were.simply the
.sﬁm of the scores of the items thch sthed méximﬁm»loadingﬁ
on the respective fac?ors. The Sug—#ESts refefrea tolas
éIFAMS(l),{HIFAMS(2) etc. wer e consideréd to bé represén—

tative of the cgrfesgonding factor whose associations had

-7
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been identiéied.' This would imply thatﬂa.high‘sco:e on a
sub—test.would be considered as a‘positive leaning toQard .
the bélief;.feeling, qualit} or attitude associated with the
féctor of thefcorrgsponding numbér._ For example, a low
score on‘HIFAMS(lj would be considered to be indicative of
some lack of belief in the proficiency of the school staff
and so on. Obviously teachers and teaching conditions wdu;d
vary among school so that negativism and-positivismlwbuld
have meaning mainly wifhin schoolsl

In order to obtain an estimate of the"coﬁéurrent
validity of“HIFAMS and its sub-tests, the test scores wéfé 
cémpared tq ratings on attitude as assigﬁed by the teaéhers _

. / 4@ R
of the students in the sample. The ratings were éssenti\lly

rankings within classes and would therefore have little
meaning outside the individual class. Any combinations made *

-

in order to obtain estimaﬁes for the complete sample were
done by donsidering‘each glass as an entity for correla;ibn
?uquses ;hd then-estimating what the correlation highf*pave
been had an "averége teadhé#" ranked all Students.in the
*cqmqggﬁe éaﬁple;

© contbaring and ranking‘students in terms of an

attribute such as ettitude becomes increasingly difficult

. i ‘
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as the_number'of comparisons increase;‘ For this reason,
cards containing one ;tudent namé per card w;re prepared fbr‘
each dlass aﬁd preséﬁted to the teacher in prearrangea
groups of six cafds or less. lihese prearrangéd groups were
such that each.student‘Was ;anked‘within ohé group and also’

ranked with respect to at least one individual in every

other group., If ratings are done in a consistent manner,

-
> 1

it shodla_be pqssible,;in’thgory; to rank all studentg.from .
1 to n where n is thétnumbe; of students in the class. This
ol T ’ :
should fbllow directly from the following'argument: ‘if A is

superior to ﬁ an@zB supérig; to C, it.follows that A must
‘be superior to é.' As no tiés were'éllqwed for tﬂe initial
fahkiﬁg prOcedure,vapd each individual was éomga;ed‘directly,
or by imﬁlication with every ofhér indiv}dual; a complete
rénking would'result provided thé?e’were no contradictioﬁs.
Tﬁe ranking Was‘accompiished by aésigning each sﬁu—
dent an idenﬁificafion~humbér.from 1 to n, where n referied’
to the number of‘stu&éntS'ihvthé class. These numbers also -
correééonded to.the row and célumn numbers of an n by n mat— 
‘Hriﬁ which was preparéd ag.foliows; af"l"'has recorded if’
_théistudenf réﬁfésentéd by'the'row numbér.Qasachosén‘as

béihg superior to the9student represented by the column num-

ber and a "0" recorded if the reverse were true. If a tie

{
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resulted in the above comparison a "%" was recorded. The
rows wereﬂsummed to produce_amfattitude score which could

-

have a maximum value of n - 1 and a minimum value of 0.

¢

Ties were the resultfof inéopsistencies or the inabiiity of ~
the teacher to aistinguish between two indiyidualé. These
were reSolved_with the co—¢peration'bf the teachers who
~carried out further ranking prdcedures iﬁ whiéh’the tied
?vganks‘were directly compéfed. In“one or two'instanCes ties
were allowed to stand because a firm distinction qoulé not
~be made.

fhe rankings as described above were used to test
the foliowing hypothesi§: ' :

Hypothésis: | |

fhefe is no relationship bétween HIFAMS}scores and

student attitude as rated by their classroom

teacher., . ' ‘ ‘

In order to obtain'an estiﬁate'of the éorrelatipn
between the ranking cairigd odt by the teache;s and‘tﬁe‘test
scorésﬂgthe row sums‘as.described'above were tre;ted as

! ' ) :
scores éhd an o;dinary-product;mpment corrélation'cals
,éulated._'Tﬁesevgorrglation coefficients were calculated
: sepéraﬁely'fo: each clasé an.Athe.results-summa;ized in
Table IXf : %i |

o The classes ranged in size from a low of sixteen
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TABLE IX
CORRELATION OF HIFAMS TEST RESULTS AND TEACHERS' RATINGS

1

CLASS | SUB—SCORES N _ TOTAL N
LM @ G @ (5 (6
o

1. .27 .3a .07 .15 a6* -.9 .26 26

2. .20 .28 Laar —07 o os L34 30

3. .47% .12 .55**} 39 .07 .08 52%% 26
4. 3 .31 .19 L3 .33 13 »i36 2

5. .01 110 .16 .11 -.07 .0l  “.09 24
6. .24 .18 .01 .34 .18 ,21_‘ 30 17
7. .34 .08 .37 -0l  -.02  .l& ' .33 27
8. .51% .34  .52% .49% .28 @ .33 ’.60#} 22
9. .35 . .23 .37 .22 La5% . .42+ .39 21
10. j;o4' -.34 - .01 .03 .24  -.60% =10 17
11. .33 .29  .41* .36 .01 -.04 .38% . 27
12. .30 .02 ".19 .12 -.14 .11 .18 21
13, .39 .38& .20 .28 --.03 =.30 .39 16

g 14.' 29 w16 .08 -.09 17 -.26 .21 23

15;_';36. .16 .26 .25 A.o9 -.31 .31 26
16. .33 .44% .14 .00 .04 .17 .32 26

| o

*p < .05
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to a high of thirty; These relatively small numbers assoc-
. - . |
iated with the calculation of the correlation coefficients
meant that .the nulk} hypothes1s would fail to be- rejected‘_
for relatively high correlation coeffiCients- i.e., correla—~
_tion coefficients would.have to have values greater than
0. 50 for the. samllest class and greater than 0.36 for the
largest'in order to be considered significantly different
from zero (p <'O;OS): When Table'IXhis examined it is noted .
that the correlation coefficients calculated ror HIFAMS (6).
have an-equal number of positive and negative:values.
Obviously the null hypothesis'cannot be.rejected for this
. sub-test. AlternatiVely,vby far the greatest ma jority of
correlation coeffiCients relating to the other tests have
.p031tive3values. out of a total of Sixteen correlation
coeffic1ents asSOCiated with each’ test HIFAMS(I) and
HIFAMS (3) have no negative correlation coefficients.
‘HIFAMS(4) has two.negative coefficients which are both near
zZero:; and HIFAMS(S) has four negative correlation coeffic—
ients.i Probabllity cons1derations suggest that.this preponT
derance of pos1t1ve values 1is not .due to chance alone."
In order to obtain some crude estimate og:;hat the .
‘correlation coefficient would have been had the completc

sample been considered as one group, an average correlation
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j : .
coefficient was estimated by first transforming the individ-

ual correlation coefficients to the Fisher zp statistics.
The‘transformed values were avereged and»reconverted to cor--
'reiation coefficients. Although this practice mayybe |
“somewhat questionable; there is no-doubt that the true

correlation coefficient for fhe‘comolete sample would lie

iR ,
within the range of the values for the classes within the

L

sample.

The t value for/each of these derived coefficients
»/

was determined.according to the formula in Ferguson (32):

t="r | = 2
1 - x2

Because of the_method used in arriving at the
 estimated coefficients of cOrrelaézon, £he.N used in the
above formula refers to the average oumber of students per
teacher (N 62). The results.are summarized 1anable X.
The data, as summarlzed 1n Tabﬁf X 1nd1cate that .
the two sub-tests HIFAmS(S) and HIFAMS (6) are not closely
.related to teachers! rankings;t For each of these two
compariSons the null hypothesis is not rejected. HIFAMS(G)

}

shows,no relationshipfwhatsoever to teachers' rankings.

While HIFAMS(S) may be related to teachers' ranklngs the

probablllty level is not suff1C1ently low to warrant a
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TABLE X

el

- A SUMMARY OF THE COMPOSITE RELATIONSHIPS BETWEEN
‘ HIFAMS 'TEST SCORES AND TEACHERS' RATINGS

'-ESTIMATEﬁ'comzési@E .
| TEST L |
"R t
i - } .
HIFAMS(}) a1 22 T
HIFAMS (2) 21 .67 | .10
HIFAMS (3) 23 1e3 . .10
HIﬁAMS(4) .21 1.67 - .10
HIFAMS (5) .13 - i.01 .20
HIFAMS (6) -.és <50 .20
HIFAMS = SREIE 2.52 .03
LN -
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rejection of the null hypothesis. For all other.cqmparisoné
‘the nuil hypoﬁhesis.may be rejeﬁted‘ét the 0.10 level of "
confidence. From these resuits it was inferred ;hat‘HIFAMS
and, four of its sub—ﬁeéts afe'relatéd,to what;teachefs

interpret as a good attitude toward school. V=

overall Validity of Testing Instruments
In pursuing the vr-nblem of what in fact was being ',

measured by the instrumec -& wsed in this study, it was

| reaglized that only avsmall number .of variables had been

e :
sampled and used to measure traits and abilities of a

'particular (and probably npn—random) group. The use of
factor analysis of the tybe.developed by Kaiser and Céffréy
was used in an attempt to make some inferences about the
nature of the traits and abilities being tested. Kaiser and’
caffrey (58) distinguish between statistical inference and
psychometrlc inference: e
Tradltlonal statistical 1nference v1ews the N 1ndfC;d—
uals as. a (usually random) sample from some larger '
population and attempts to make inferences about the _
populatlon fr -m $he characteristics of the sample. ' On
the other hand, ‘what might be termed psychometric -
inference considers the n variables as a- (uéually non-
random) sample from some larger universe of varlables,
and attempts to infer something about the nature of

‘this universe from a partlcular srlection of n- va;r
1ables. (58) SEPSLI

Theoretlcally alpha factoring is ‘based on the
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premice ‘that concern rests with estimating factors exist-

pé

. ing in a univcrse of variables when n variables from this
universe have been samoled The solutron proceeds by flndlng

‘l(R J)H“l I, where H? are the communalitiesbsRathe
correlation matrix and -I the identity matrix, and determin-
ing its 1r largest eigenvaldes and eigenvectors, where r is

the number of eigenvalues havnng values greater than 1.
2 o '
Successlve iterations are carrled out untll H® converges

-w1th1n a specified tolerance.

All .sub- tests (or complete tests if the sub tests.
were not. used) were COn51dered to be. a selectlon of var-
:'1ables from the unryerse of all measuring-instruments in '/ .
“the dognitive and affective:domain. 2 faetor anaiysis was
performed on these variables in'anbattempt tojmake‘some‘

inference of the nature of ‘the uﬁiverse of which these var-

iables formed a sampie. It was antltlpdted that the

-

1dent1f1catlon of the factors 1n~the resultlng factor

v s

solution would 1nd1cate what was belng evaluated, and thus

. / . . . X .
provide further evidence for claims of validity for these

meashrements.

In the alpha factor solution’ shown in Table X1,

V

three factors are. shown althowqh for the reasons odtllned

i © e

above,.more factors undoubtedly exist. From a tablefin
. \- - . °
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TABLE XI
ALPHA  FACTOR SOLUTION FOR. TWENTY VARIABLES
(VARIMAX ROTATION) |

3

3.

... FACTORS
o o o o I 5 III
VARIABLES COMMUNAL- = . = - ‘ e '
- ITIES .~ - Verbal ~ Affective Problem-
o a S, g Solving
Ability

I.Q. . (1“ . s L ) i,
Verbal ~ . . 0.59 ¥ . . 0.51 - 0.03 .- 0.57 B4

I.Qo . ! :". - . . . - . L
Nonverbal 0.46 :0.37 0.08 . 0.56.

~TOUS (a) . T STy
Pretest 0.35 o 0.59 ©0.04 0.09

TOUS (b) | A - R
Pretest ,  0.39 . .- 0.60 N 0.13 0.6 ~

TOUS (c) | - o . ,

Pretest 0.47 . " 0.66 0.14 0.09
Q . ' _ ' : o o

- Posttest 0.45 . 0.63 '0.11.- 0.22

TOUS (b) . , ‘ : . , - .
Posttest 0.54- . 0.69 . . 0.12 ‘0.23
- TOUS(c) . S |
Posttest 0.45 = . 0.55 0.22 - 0.30
e COOP : . o / - . . . : ) . L
Science  0.70 . = - 0.71 ~ ,#:, 0%H5 = 0.44

9
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TABLE XI (Contid)

)

151.

pe
’

' VARIABLES.

FACTORS
I . II

COMMUNAL- " o o .
ITIES Verbal = Affective

IIIA

é:oblemQ
Solving

-Ability

SRT (1)
~ /-
_SRr(Q)
-SRT(3)
" PST

IET ' -
‘~HIFAMS(1)

HIFAMS (2)

HIFAMS(B)

LW

PP
Y

HIFAMS(4) | .0.27
.HIFAMS(é)‘ 0,13 : -
HIFAMS (6) _o}isv
FJTOTALS , 8;73 . 29 L
' pER ‘CENT G, o P LT L
COMMON VAR . ioox 49.2. ¢ 2958 1 21.0°

. w@ ‘ o ‘
PER CENT_»‘ - .
“TOTAL VARY - 43 6 . «21.5 4 13.0 9.2
: - e - &
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Harman (50) ‘the standarg e:ror of a factor coeff1cxent may
3 ! ,
be abtalned as a rough estlmate Fo; an average correlatlon

coefflc1ent r = 0.27, t#%&s{' . iﬁzerror is 0.072 so, any ,:

: .* v/'u o Q o
*should be 51gn1flcantly dlﬁ%~

-

.coefficients as large asfo;

erent from zero, All of tHéZteats excéot the Inggjrgf? -

. . . - I I ' . - v KT i .&“}u n
coeffﬁcientg’on the first factor} all of the att;ﬁude tests\\\
nd : : V ’ . ,

have 51gn1f1cant coeff1c1ents on the second Factor and all

or problem solv1ng abvl%ty factor The thlrd factor 'was so

-

ldentifled because Lhe onverbal I. Q loaded more heavily

on 1L than on.the verbal factor and because the sc1enc ‘
/ o
tests (Proce)s of Sc1 1ce Test and the Inqullz FFflo1cq_ﬁ

?

Test) also favore& thlﬁ factor The latter two tests haq, *%@

- . /

been'specifically de31gned to ensure that the. fllm loops ‘ j

—dealt wth subject matter whlch was unfamlllar to the o

'-. - - . - /
A A . -t
i

jstudents From this ev1dence 1t .was concluded Lhat the ¢

thlrd factor was related to performanc; abllity 1n nﬂyel ﬁi “8y .

e » , “v . ”, @:‘ - ‘ﬁ

81tuatlons : . S . ' . - T
L h . -8, ,,:, . ) W . ‘ -

A S -

3 . i - N ?f . o . s ‘ . ~ . -
. Clear] .kfien, . the universe of variables ;g Inferred
~ TRy . K
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from the sample of variables'may'ﬁé characterized- by three

factors. Two of these were identified as c & ritive factors

[ .
'

and the third as an affective factor. Thé verbal factér

‘

would seem tc oe alknowledge ‘factor but the problem-solving
abilify factor'appears to. be more directly'reléted to‘the
ability to perfbrm, The affective factor contains only one
significant coefficient from the science and the I.Q. tests.
fhis’coefficieht comes from TOUS(&),thich had been class-
ified as déaling with method% and aims of éciengé, and i§€§
relatively low coefficient éhd thus was con;idered to be

. R ’ A ,
either 'of little significance qr due té someé aspects of
a%ﬁituae influencing TOUS(Q) postt?%é#scqres. |

The testing instruments are thus seen o be

- concerned with three dimensions which may be d%scr;bgd,as'

‘-,;anowledge, pér formance, and attitude, respectively. It is

the'performancefdimgnsionﬂwhiéh is considered to be most

‘closely related to the process aspect of science, therefore
statistical procedures*were considered necessary in .order .
. - ° . o \K\e‘ . . . . - -

~

" to minimize the eﬁfégtsndi the other two.factors in SQme‘of

the later analyses.

@ltho}gh only threé~factors were selected as -a
S S : . .
'conéequehc% ofithe rule of selegting only factors with
. ’ :_:;. H . ’ 7 o . v ; )
associatédej?eny§lues‘greater than -one, other_§§¢tors-

. . .
h’. ’ . vivithe
. N D :

j

ey SO
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undoubtodiy exi5t, Kaiser and Caffrey (58) point .out that,

graucnce of this rule for selecting factors, the

factors is a function of the numberhof'observable .
variables. If the number of science tests used in this

. study wer e increasbﬁ Jt is probable that some of the® unique—

ness assOCiated wi testbwould no longer be unique

-~
v "

and the numoer of eiga%béluec greater than one woulad ' -

)

‘increase With a. corresponding increase in the number of
e
| _
selectdd factor{ It-follows that, although the science

tests are &£sogyated 7ith a verbal factor and a problem—
'-

A - -

sorv1ng ability fq@tor quite speCific competencies peculiar

to each test_could be present.

C. SUMMARY

1. In the belief that individuals become more profic—
ient in what they practice, the scores on the science tests

were considered to reflect proficiencies as follows:

a) The Science Reasoning Test and the Process of

Science Test were similar il that each required
v : _
" students to identify processes of science and

make judgments about the 1se 'of these orocesses .
in scientific investigations. Each of these

-tests was thereﬂbre conSidered to’ be‘capable of




f'\

. N

155,
oroviding a‘measﬁre of s‘udent knowledge of and
skili in tho.processes‘of science. This COnten—_
tion receivcd;some Supoort from tﬁe Pilot Study
‘in which students of a .teacher famllla* w1th the
Inventorz and 1ts purpose achieved hlgner means-

«
in each test than students of a teacher unfamil-
.Tﬂa s *Qrar,wlth~the Inventorx |

. s .
R oy

‘__The score on th& Inqulry Eff1c1ency Test (a

Kﬁodlflcatron of the TAB Science Test (57» depends

,-,...f
;h

on a'student1ﬁ31ng a mlnlmum number of steps in

~

correctly discovéring and verifying' hypoggeses
correspondlng to solutlons of demonstrated

scientific pro¥lems. The Inqulry Efficiency Test

was therefore consrdered to be measuring student

prof1C1ency in searchlng for. reievant 1nformatlon
$

fproce351ng'§h1s 1nformatlon andhd&scovering or

verlfylngque ;nference which shoulh be made from

SO
L s

’ Y
o2, The factor solutlon 1nd1cates that the Screnee test Vip

2

do not have s1gn1f1cant 1oadrngs on- an affectlvé factor

, o £
a glven scientific 1nvestlgatlon. K gg.;_ N

£

3

“ (the one p0551ble exception is TOUS(c) (Understandimg Abodt W 5

l

" the Methods and AlmS of Sc1ence))., The sc1énce ‘tests are

3

i'_ "'k'

thus scen to be measuring knowledge and performance as'

3 A

I . )

¥
'/

v g' i
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related to the content of each test plus possible specific

competencies not revealed by the factor solution. - -

| 3. Concurfrent validity of the science tests is claimed

S -

on the basis that teachers' ratings of student performance

in science is significantly related tJ test scores.

4. Concurrent validity of the HIFAMS attitude test and

the sub-tests HIFAMS (1), HIFAMS(2),, HIFAMS(3), and HIFAMS (4)

is-claimed on the basisAof the positive relatioﬂShip between
. o )
test. scores and teachers' rankings of attitude.

5. The Observational Instrument as used by the two

observers is reliable in the, inter-rater reliability sense.

= IV. THE DESIGN OF THE STUDY. I
& . R |

V.

The cla351cal experfhental model. complete with =~ /-
<

fcontrol groups was considered to be unsultable for thls “’,ﬂr

partlcular investigation. The experlmental curriculum was

conSLdered,to prov1de a framework for the actual, currlculum
. *‘ Kl “ R

but the actual currlculum under which each group operated
had to be determlned from data sunmltted by the teachers

during the experiment and from observational procedures.-
‘ ' Ty /

To select control groups in advance would have little mean -

ing other than to provide a comparison betWeen the experimen-
- ' o . S . -
tal curriculum and a “traditional" curriculun.
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RS !

In view of the fact that all of the Junior High
Scho>l Science Coordinators in the city of Fdmonton had
some acquaintance with the Inventory and curriculum mater-

ials were commonly shared among teachers, curricula which
. R i u o ]" . .

were assuredly not influenced by the Inventsry were not

/

available. To achieve any meaningful resulﬁs with the-

" classical experimental model, it is necessary to> (a) ran-
- ir ’ )

domize groups and assign approximately one-half of the

~

members to the experimental group and the other half 4o the

BN

¢3ntr31 g:oup (b) compare the egperimentai group’ to the
control grdup prior to treatment'(c)'give a treatment to

the ekperimental'gtodp and nb.treatment to tﬁg contrsl

‘b

g;aqﬁt’ﬁd (&) compare_the experimental group to the ¢5ntroi

graup”éfte: treatmert, There areimany variations >f the
‘above four steps but>the"use'5f control. groups means that

one group has a treatment and the other does not,'In clasg~-
y . o L L
room research dealing with intact classes the assumptiosn

of n> treatment is almost alwéys uhtenable,.For example, °
- even in the most. traditional of science curricula, the

process aspects ‘would not be entirely ignored. .
‘ In dealing with the comparisons among groups as one

: af?téé main‘éaycerns of the evaluation_modei (Fig. 2), it

o -
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 was ‘considered essential to make adjustments in an attempt’

.

| to offbet p0831ble bias lnherent in the use of 1ntact

classes Because experimental control is vxrtugﬁly imposs- -

‘ible in classroom research, stat;stlcal control was attempt- v

P

ad bytthe use of seleeted‘cenconitant‘varfaties in conjunc-
tion with a factorial exyeriment; The tactors, in.this

i
instance, were the treatment factor and the cla851f1catlon
factors of attltude and sex. The‘concomltant varlables were
I.Q. scores and COOP science scores. For the TOUS posttest,
the TOUS pretest was also used as a eoncomltant variable.
These measures were taken prlor to treatment ‘and would be
unaffected by treatment.:Tne proqedure df nsing'these meas}_
urements as concomi tant variablee Qaevconsidered to be
adequate bebause'their_effects were'aeeumed to be linear.

'

el ,
The assumptions that treatment effects and regression
( - . 2

-

PN lndependently distributed with zero means and the Ssame

.’v

varlance were tentatlvely adopted in the bellef that grossj
violatlons ‘would be unllkely to occur. Winer (130) states
that the additlonal assumptlons underljlng the analy31s

of covariance, over and,above'that required~fdr ordinary-

analysis of variance, may.be. violated to some degree ar.d

-
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that the corresposnding F tests are robust with respect

to these violations. The fallowihg-chapter deals ﬁith'the

<

results >f these comparisons und with the results of the

procedures used to determine the nature of each treatment,

'
)

,f | T,

'



160.

48¥enapTER TV
) \
RESULTS

This chapter "deals with the testing of hypotheses
set out in Chapter 1. For organizational purposes it is

divided into three main sections. The first section deals
with the preliminary data and the associated comparisons in

AN

Qrder to ascertainwwhether‘the groups differed markedly from

one : »Sther in science knowledge and tested intelligence as
QO

measured by the COOP science test and the I.Q. tests,

respectlvely._ The second section deals with the comparlsons
\

made among treatment groups after the treatment while the

thlrd section reports the results‘Qf the ObSCLVE 1onal

proceduresﬁand aIlied analysis and relates these results to

re—

the -cofiparisons made among the treatment groups.

I. PRELIMINARY DATA

{

" For this section the hypotheses were not set out

\,

formally but it is to be understood that an alpha level of

\

-

0.05 was seﬁicted for theue prellmlnary tests and the hypoth-~

"esis .to be tested in each instance would be of- thé form:

Hypothesis?

' There will be no differencé among the means of the
/

treatment groups on the test N
, |



161.

A one way analysis of variance procedurc applying

the fixed effect model was used for these comparisons. The
data were tested for homogeneity of variance using the

;o
method outiinéd,by Keéping (60) and the significaﬁée of the
.differencé between eééh pairhof meahs‘was tested.using a
Newman;keuls comparisoﬁ asAoutlinedZip Winer (130). These

: results arg presented in‘Téble XII - XV inclusive.
As seen frqm Table.XII and XiI;, the null hypathesis
cannot be rejectéd fogldiﬁferences iﬁ treatment gréups in

the means on the I.Q. #3sts.. The null hypothesis is

-

;ejected at the 0.05 iével'fbr-differences among'treatmentl
groups in the'mean;‘oﬁ £he_COOP sCience t%st. iA Newmép—”
-Keuls comparison reveals that the mean of Group D is éﬁgn;f;”i
icantly highér than the'meén;of all\other groups excépt~;
Group X (p £ d.OSf. GrOUp‘D-sﬁows some superiorit& in‘kpow—
lgdge and abili£y ig séience as héasured‘by thé COOP scienéé 4
test. However, thisfguper;or;ty was ba;ely\§ignificant -

(p = 0.05). Wﬁen g@ is’considered\that pretesFing was done
appfoximately one)ﬂiﬁh-aftér the opening‘of the school

ﬁerh, the;e ié ﬁo real assurance tﬁét the:differenée between
Groﬁp D and some of the otﬁ?r groupslwould have beeh-signiﬁ—
icant had ﬁhé_tésting been done.prior to the influence due

A '
to teacher D.

N

-
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TABLE XII '

]

COMPARISONS AMONG THE \MEANS OF THE TREATMENT GROUPS '

[}

ON THE I.Q. (NONVERBAL) TEST SCORES 2
GROUP - NUMBER - "MEAN | VARIANCE
a | 82 108.89 ¢ 189.09
B | 65 . 106.88 o '". 192,68
c 3 87 - 1os.e4.~  193.21
D 48  110.06 - 170.05
B 39 o S 108,05 - : 173.43
x . s2 o .,107.03 T 144.7s
rotal 373 - 107.59 ) 179.75
R o o
A&ALysis OF VARIANCE
§QUR¢E ; ss‘;f . MS DF | | 83 ) ' “p
B Grbubs_ S si7 - 163.40 . " 5 "50,91_ ‘(0.48“
Ecror 66230 '180.46 - 367 o
- . R . ’ 4
'Homo'geneity of Vériance_Test Chi gi;uai;e = 7.7 o) i-‘O.'J_.’]', (
| _ oo R
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TABLE XIII

COMPARISONS AMONG THE MEANS OF THE TREATMENT "GROUPS .
ON THE I.Q. (VERBAL) TEST SCORES

 GROUP , NUMBER MEAN ' VARIANCE
a8 . 106.07 o e187.16
R 65 ., 105.83 - © 309.53
C - 87 103.17 -, . 216.85
D 48 ~ 108.15 %5 ¥ "194.48
E . w39 - 107.64 T 219.09
x . 52 © 106.27 174.88 -
. 5 |
Total 373+ 10s.81 . 217.20
ANALYSIS OF VARIANCE
- SOURCE, - ss MS . - DF ~F7  p
Groups 1013 __ 202.6 - 5. . 0.93  0.46
Error . 80003/ 217.99 367
Homogeneity of WVArianc Chi Sq-u:are = 6.73 ' p =0.24.
s
\ )
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L TABLE XIV v
B . ‘u
COMPARISONS AMONG THE MEANS OF THE TREATMENT GROUPS
ON THE 'COOP SCIENCE TEST SGORES
GROUP NUMBER MEAN © ' VARIANCE
. s ' . ? SN ’ ¢
A 82 . 28.26 - " - 92.64
B 65 _ 28.85 . 86.51
c 87 .- 28.22. . 93.66
D. - L 48 _ 33.44 - 85,40
E © 739 -28.46 N 95.41
X o 52 29,947 © 0 125.98)
Total o373 . - o29.27 . -, 97.14
. ‘ . ’ ) .
2
'ANALYSIS OF VARIANCE o
. ’ T S r : T sy
SOURCE . 88 MS " pPF . F 7 . p
T o P .
* Groups 1075 © - 214.94 5 2.24  10.05
Error . - 35159 . 95.80 - . 367

o .

»" . . . . . . -‘.5:_ ! . B \ .
wHOmogeneity of Variance Test chi®Square = 2.76 . P =0.74
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. . . @ Ll' e
 NEWMAN- KEULS“COMPARISON BETWEEN ORDERED MEANS FOR
A THE CQOR SCIFNCE TEST

PN
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Lo Fu MEANS 0 33.. 29194 28.85 28.46 -28.46

c 28.22.  5.22% .1.7@ 0.63 . 0.24  0.04

a7 28726 7 St >§§§% ©0.59  0.21 . 0.00°.

E - 28.46 - _ . 4.98% 1lg#8 0.39 - 0.00
'B - . 28.84 ° 4.59% 1,10 0.00 . .

X . 29.94 ° 3.50 0.00 ¢ R

BV

. . . . . . . “
D ) - (';\3‘-3 - 44 o ) . E o ‘3, . .' - ’
SR A e
v ]

T

A



CII. COMPARISONS;AMONG_n&EATMENT GRoups’ -

L /

after thed%reatment had taken place Thé%ﬁc

a;e flrst determlned Uslng one-waffanaly31£

; unadjusted gxoa

hypotheees beiong to,the flrst group of hypo

nﬂout in C@apter‘l.

erenoe*to the ta
reported

Hypothesis l.O‘

. Reaeonlnq Test

.Lfflcxency Test (Table XvI

.J L 1«‘

They are restated hére o

u)

of var nce:
lng controls to re¥ove

tual dlffereﬁccs

oy

P means, Thesef-?
i J“& ’ -7 -

theses as. set e

quued by ref-~£'0

ble in whlch the correspond§§§Aresults are

Y ' ‘}"

v
There Mlll be no dlfference

ment . groups in the means on

- I "
amoﬂo ‘the treat—.
the HIrAdb

attitude test. . (Tables XVI-XIX 1nolu51ve}

ment groups in the means on

’SCJGHCG Test '(Table XX)

~

.There w1ll be no dlffercnve

ment gloups in the means on

There wlll b no d‘ffercne
ment ‘groups Tn the aecang o
(Taboe “XII

ahong the'treat-
the Process of

among the treat— .
the. Inqtlrv

1) ' S

among Lhe treat«
the oelence

)

2



> . " - "‘ | fﬁ Y ()
‘ | ) L o leT.
Hypbthesis 1.4 There will be no difference among the
’ K treatment g¥bups in the prdtest meanc on . 9
'~ the TOUS. (Table XXII1I) - 4 S

"

.5 Theré w1ll be' no. dlfference among the
,treatment grouos -in "the posttest means on f~

the Tous (Table XXIII) . ' '
i e ' K . 2 ' h“.‘:‘; A
e _-f‘f’ . ~ L . . < 3 W de)
LYy o ® N ':%J . ‘
. AQ . .‘ _ . - . 2 -", & -
Ny . ' K ) & -
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O TABﬁE XVI g
.‘\,j' ‘ %”vi

COMPARISONS AMONG THE MEANS OF THE TREATMENT GR PpS

ON THE HIFAMS(l) SCORES

3
< .

NUMBER : MEAN

VARIANCE.'

. -
A 82 33.66 30.67
y . . 2
* B 65 34.62 42.02
¢ . 87. - 36.31 38.78
R s - * PRI ‘.
o & <748 & 41,83 ‘ 17559
R ( & ©o .
: s B ‘,l" . » {{’.
LE = 39 .40.72 ’ 17.21 .
a . o L ‘OL' a 8 M‘\
fEX .k 52 @ Tk 3g, 24,49
’ ) ‘ * r&.v ¥ . ,'~ [ n [}
: ' S . T ’ o ’ o]
Total = = =" 373, T S 36,917 ¢ R 38.43 o
K g b el » _

©  NEWMAN-KEULS COMPARISON BETWEEN ORDERED MERNS

' @ . N "/l\ ‘ Jl “.:-"‘ ) . é) I \ e . ‘ ’ g‘{ i 'J
< .+ ANALYSIS OF VARIANCE s
~ *SOURCE XX . ms. - pp F P
Groups + - 3097 f_ 619.51 g 20.43  0lo01
. Error 11238 . +130.62 367 o o
” o . Avg
Y v —

L 4 : N , . N :
GROUP D E x. ¢ . B S
. . - R A
A . Te @ e.. e .,
B - s @ @ @4 % ’
C @ @ e
X * i - ~
E *
D “ .
~ @pifference 51gn1 ficant, p < 0.05
*leference not si gruf,iﬂa PPy 0.050
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TABLE XVII

COMPARISONS *AMPNG THE MEANS OF THE TREATMEN~ GROUPS
o | dﬁ THE HIFAMS (2). SCORES - .

MEAN L% vARIANCE

v
w ! : :
- , . » o e
. . . - N N . (ﬁ’ H
e - .
B : . . -§

A . ‘82 . . 16.96 X 12,95
B . e 65 | S| iy | 4 13.72 :
- . - . . 4.
c - ""T@“ é7 - 13'1 20.60 j ‘ ‘ 14.20
) b a .r!;{w';}, , '\."4‘8 | 4

®. . K ;393

fx L 72, .

373 C20.8% . . 17.08

T~ . IR ] ‘ R ' ' .
. ! - ’ * ! - E

ANALYSIS OF VARIANCE ‘
o T = <
“ SOURCE (<. Ss MS ' DF . F ' p
Groups ¥ L1579 & 437.47 E 5 #w38.37 " .0.001
CError . 4185 - 11.40 367

Eall

.NEWMAN-kEULs,COMPARIsoN BETWEEN ORDERED MEANS
- : R " L .

. . . %) - . ; .
GROUP .. p .- & i X c B A

A @ L@ @ %

-~ . t - . ‘
B- L@ * . L .
. : A LIy L el Y e i) e T, PN -
€ e AR e @ CoNy RO 0 A LT
. VRN 25 - - « ) . ~ » Y N
. X : “ e - - . . R -7 .. e T
R I N
D

. . . - . v . . ) - ‘
@Différence sig‘nificant, p <£'0.05
’ *Di'ffej;ence not significant, P¥ 0.05

C i ,— H

¥ . . N oL . . P

Ty
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TABLE XVIII ‘ L

b

COMPARISGNS AMONG THE MEANS OF THE TRE&TME§T GROUPS
ON THE HIFAMS(3) SCORES : :

" lem

oy
S

' GROUP - NUMBER . ' MEAN . VARIANCE

A “ 82 T 25,59  23.16 -
B 6s . 26,74 16.42

e T 87 .27.82 . 15.27

D 48 . - 30.52 - 10.21
E 9 29,69 Lwit 59

X Q;«‘ ‘.52"# N 4{_?29;96"" e 15.25

=
O
ot
o
| ot
w
~
W
N
~
Q
S
o\

-18.30
AR

. . " . . s
0 ~ f T

. "ANALYEIS.QF“VARiAxCE o L Co <

SOURCE " " ss " Ms - DF. - F ST

CGroups . 103% 207.97 5 13.19 . 0.001
Error .« 5785 | 15,77 . 367

] N . r . N )

v
8

 NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS

GROUP , E b c - . B - A
: . . " -t .

e e e B
@ @ L x ‘

,,'_‘;@=,..,_. e . * - LA

. LA * N , :‘“yQ‘ . v
. e . \' . v - 'r ’ 4

. * R : ¢ U .
N ) . d R ad s - I

A ) o

® ® ©

®

o m X 0
®

 @piffeyence significant, p < 0.05 7 iy
-  *pifference not signi.fica:n't' P'<~!O~.05 RV o
w~ o . '5 - . . - ’

Sy S

N N B P s mmTmmm e s - T -~
° . . s/ R . I
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ABLE XIX.V

171.

COMPARISONS AMONG THE ﬁiANq QF THE TREATMENT GROUPS .

® THE H
c) v n

;FAMS(iK SCOR@S

8,

3 I
GROUP NUMBER
. - é,a‘-

VARIANCE

AN

8%

EEN . e

W 8T

B e

A v
i‘B ‘ e 65 ‘ﬁ
. .

D

CouEet ag -
. . E ‘ ‘ . 3%’“‘\
X . 52

Total - @73

ol
P

'6.47

§8-94
3 26;
5 63

‘771
'f5,9oj;§;'

SOURCE - . ss

‘Groups ', - 167, - 33.45,

HH)N‘

“Ernbr "‘3"-240? %%f )

{

Yy
S e
- \ BN
L
P 4
.

F

Sh e e

. 5.10 ¥
- %

0.001

P

I - .
GROUP B

B - j

* B @

*

b owm X o
+ 0 ® ® U

c

3

»~.~

Ty
-8
0'05



'COMPARISON AMONG THE MEAN
ON THE PROCESS OF SCI

',';i

._~;-*'Di_ffer"'eri'c'e -not Sign'ifi_c'ant-,: p » °0.05

A

. ~
GROUP NUMBER MEAN VARIANCE
L .
' A 82 8.00 <y 9.11
. by ‘ ) o woo- » -,@ .
s . B - Y 65 ' 8.46 : 9.38
.. T Ry 8.86 ' 8.59
i T " “ p ‘ '
» D, 48 | 10.50 10.89°
rLE ; o 39 N 8.93 4
ooax T 52 0 8.94 ” " 13.54
 Total. 373 g  8.92 .10.32
T T . ) - * ’ Q}‘b _':;
3 ANALYSIS OF VARIANCE ¥
. Ss MS - DF E - - p
) Y B V—‘n:)/- . . ) ’ ]
Groups * 230 45,93 ° 5 4.66  0.001 ¢
: o ' b ‘ .
"Exxor 3619 9.86 ~ 367 . B
. NEWMAN-KEULS COMPARISON BETWEEN 'ORDERED MEANS
GROUP' ~ D. ,— E X c B .
- }/\ @ L@ Tk * *
B @ ' * * * . .
c @ x * T
. £
X @ ko
. i «
E . * > Wy
. ] o
D !
N - @Différen,ce signifi:can_t, p."<;.0.05 <
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~
"
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bt £3 27,10 —~ 2.1

I ,

< E7 . 28.54 S0, 62

. .9

v - "
D 45 32.83 ki 23,30
. ) - P
. - - 2 . . -
z 33, 27835y . . Sl.oad
: Cot w.
28 e

~1
[\9)
A

. ANalysis cr

SS

1038

4

MS
207.57 -

J
51.95

VARIANCE

ADF

5

367

.. 15067

- bl B o ]
. i Faa) _
. . . . < e /
NEWIv{AN-KEULS COMPARISON BETWEEN CRDERED MEANS N

GRQUP D
B

B

X

C .

]

\~A

D

A

*
*
*

*.

C

*

* .

X
*

*

4

B E

Cpifference

*Difference

»a

(’ya—"‘

signif,ic_a_nt,, p < 5 05 ...
not significant, P > 0.05;

!

»

"
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TABLE XXII

COMPARISONS AMONG THE MEANS OF THE TREATMENT GROUPS-

. REASONING TEST SCORES

*leference not 51gn1f1cant P ) o 05

4

.~

- GROUP MEAN . . VARIANCE
_ f _
A 14.38 ¥ 29.99
B v 14.74 27.10
c 87 14.14 s 30.10-
D \ 48 .. 18.17 } 33.46
E 39 15.90 25,52 °
% ' !
X 52 g 16.15 35.11
Total - 373 15.28 31.47
N N
e, N . . - vl
ANALYSIS OF VARIANCE —
 SOURCE "~ ss MS DF’ F p
. } l' ~ . . - '
Groups . 654 130.75 4,33 - 0.001
Error 11085 30.21 367
. | | ’
. NEWMAN-KEULS. COMPARISON BETWEEN ORDERED MEANS
GROUP D X B B < a C
e @ * (. * * *
A - @, % - * *
B @ . *. * , . - Lo
R “ . . R
- B * : * , 4
X * . "A\‘:\ ) }*
”‘:‘D ‘\\ IS
. .t ¥
@leference significant, p ( C. 05
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TABLE XXIII }‘ﬁ3
530

R

Ry
&

'75.

COMPARISONS AMONG THE MEANS OF THE TREATMENT GROUPS

ON THE TOUS SCORLS

GROUP NUMBER . MEAN

Pretest '~ Posttest. Pretcst Posttest

s

STANIARD DEVIATION

v

. £ - i
A - 82 S 17.09 <1715 4.727°  5.83
B 65 18.94 + .19.00 4.60 4.05
c 87 '18.39 /18358 4.69 5.62
o > s _— |
D 48 - 21.58 22,23 4.02 _  4.71
E w 397 19.79 . 20.08  3.86  4.72
x 52 ,19.52 - 20.35 ' 4.28 - 4.82
. K R [ A I\\r ) .
_Total 373 - 18.91 ' 1%.18 . 4.2 5.25
‘- K] k] \L ‘L’:” » . . . : . ) i a
s 2 )
T ‘ e . e Dl
} ANALYSIS OF VARIAHQE . s 3
4. . PRETEST B | *ﬁf  BOSTTEST -
SOURCE | SS MS DF © F Ss°  Ms DE  F
. Groups 689.13 137.86 5 6.95  976.37 195.27'«‘5'. 7.69
£ ‘ . . . R i . 'i' . .
. Error 7284.00 “19.8B 367 .00l - 9322.00 25.40 387 0.001
ey i o '
NEWMAN KEULS | COMPARISON BEIW“EN ORDERED MEANS
s+ reEmest. | Lok g POSTTEST
GRQUP, DE'X B C' A GROUP D X BE B C A
A e @ @ * x| A @ @ @ * * E
c @ L Tem D E w
B @ x % = . B:'" W
. X tx % N g o w
E * o & *
T T : "~ .
D b ., 'S
i :

. == . : +
@pifference significant, p < 0.05

_*Difference not significant, p % 0,05

)

.-
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The results of the foregoing comparisons among

treatment groups show that, in terms of the unadjusted means,.

Group D was superior to: Groups A, C, and B on both the

TOUS. pretest and the TOUS' posttest; ggéﬁps A, B, C, and X .

+ Eai

on the‘Procegszof Science,Test;'Gro&é% E, B, X, C, and A on

a

“the Inqulry Efflciengy Test; Groupdgls, A, and B on.-the

“'

}SC1ence Reasonlng,Test.' Other 51g Ticant superiorit;es .

N o ' v

h,(ﬁuf 0.05) were:' Group E superliﬁzto Group A on the Process

of Sc1ence Test and both of the Grdﬁps E and X superlor to

;?;&“j" ’ ; ' \.‘.,,: .

gznlwgg .the TOUS . (pdsttest and pretest) o o .

.'“"l X, ’Y“, E . B 1, B "’-'., . ) . o

£) 3 A’% “v 2 ’ 2 r R ,}
R AT A proflle of science achlevement deplcted in Figure

4 graphicellyA}llustrateshbw treatmeﬁt groups.compared in

1

gfuachievement._ The mean for each group was'plotted

®

inv standard deviatfbn.ﬁhits with reference to the overall
. ) ; n ‘ Sy . - .

vmeannfor.each tesr in Qréerjro’bbta}n a{comperison‘of

,_}elariVe ae?ievemeﬁi.‘_The pea£>of Qrouka:;rdiCates a
:defiqite'oderail?sﬁperiqriry“ferTrhisfgreué:‘ o :'s 2 % ’

| fhese.results maf'ﬂavg littie}meepiné iﬂ'%sdi;tien'%

‘because of the possibility oflan'overwﬁelming effectfof

~

™

. . . - o B
somekﬁhcontrolled vartables. In “th testang Qf the hypoth—

-

I s e L_».- A [ gt
- eses related to the a usted group m ns, prlor knowledge

I. Q.,,sex and attltude were subjecteé to a measure of

statistical control. ’ - :
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e

GROUP
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Dne to culturaliexpectations for each sex, some
- \ . N
subject materlals may seem 1nt€3951cally more 1nterest1ng

V

Y

to girls than to boys and %ace@gersa The attltude of

»

- \

students toward school as related to performance has been

P

1nvestlgated in some Studies (51, 69) . Although the,- o .

‘ N Y

ev1dence llnklng performance to pOSltlve attitude may not

L . B
4 - Y

be entlrely conclusrvc 1t was con51dered to be suff1c1ently
A ' ’ 1:;' « B ?
‘strong to warrant exerCL51 . some measure ofvggftrol over
.*~th1§ varlable o . ﬁr-. A - s
® . ’ - ‘ B - ) 4 . . Co2 o
- “In the analyS1s whlch follows the factors of jsex 4
w e S .

Al “oa ‘ \
and. of attltude were treated as categorlcal Varlables each

.'-sx' . . e . s '

vrth two categorles The attltude categorlzs were deter-

ha

R S e

Zmlned Wlth reference to the medlan of ‘each artlcular group

o | _ e e Hy ?

h'to ensure that grouplngs W1th respect to attltude would be

qulthln schools IE”was recogn17ed that real dlfFerencei o
' . . . - . . »'-oiif

' »eX1stedﬁamong schools so that a tendency toward a pos‘tlve o

fagtltude would have. meanlng marnl& w:thln 1ndlv1dual reat~ Tﬁf
. ST - o ,""" E

© ment groups. . ° E -‘r‘-f“:~',

A three*wananalysis:ofvcoQariance‘(129) wa%"
for thls portlon of" the analy31s.. The bas_d mode»;*

i
~

Yijkm=U+Ai+B.+Ck+(AB) +(AC) k+(BC) +(ABC) R

. ) . ._a ., } . i ‘.b . N I : '. I ‘ i ‘\
- T *d‘Zleml+d2"3F " ’[f?qaijkmq+5i3km S

e
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I : no. of levels in factor A (fi;ét factor),

J : ho. of levels in factor B (second factor),
{

W

.
-

K : no. of levels in factor C (third factor),
Mijk : no. of observationsgdin (i, j,k) cell,

Yjjkm : mth observation in (i,j,kf'cells,
. ;

U : overall mean, -

Aj : ith level effects of factor A,

By : jthrlevel effects of factor B, ¢

Ck

(AB) i : interaction effect between ith level of A

kth level effects of factor C,

and jzh level of B,

(AC)jk; (BC)jkr (ABC)ijkl:~interaction effects referred

to the corresponding levels,

dy : regression coefficient on hth concomitant,

q : no. of concomitant variables,

Zijkmh :vhth concemitant variable of mth subject in,

j (i,3.,k) cell,. \
Eijkm ¢ random error or'residualrof mth subject in
(i,3,k) cell.
In all instances, faégor A referred to treatment§,
factor B to attitude, and factor C to se#. These hypotheses

4

;o
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™~

are herewith restated followed'by‘referencc to tﬁe table

-

which reports the Conrespbnding analysis:

Hypothesis 2.0 There will be no differenté among the treat-
' 4 ment groups in the adjusted means on the
Process of Science Test using the I.Q. scores
and COOP scores as covariates. (Table XXIV)

~.

Hypothesis 2.1 There will be no difference among the treat-
ment groups in the adjusted means on the
Inquiry Efficiency Test using the I1.Q. scores

and COOP scores as covariates. (Table XXV)

. .
Hypothesis 2.2 There will Be no difference among the treat-
' ment groups in the adjusted means on the - )

Science Reasoning Test using the I.0Q..scores
‘and COQP scores as covariates. (Table XXVI)

".l

. Hypothesis 2.3 There will be no gifference among the treat-
ment groups in the pasttest adjusted means
on the TOUS using the' I.Q. scores, the CCOP
scores, and the TOUS posttest scores as
covariates. (Table XXVII)

The computer program used 'in the analyses aummarlzed

v
1n Tables XXIV to XXVII 1nclq51ve also allozhu for determin-

\"

ing whlch linear combinations of: parameters were respon51ble
for the-51gn1flc at result 1fﬂthe null hypotheses were
rejected at é given alpha level. :This researcher was
interested’only intdetermining which group‘d?ffered s;gnif—
icantly froﬁ'what other group énd_therefore tésted for
kombinations ci the form a(i) - A(j), B(if - B(j) etc. i.e.

"Does Group (i) dlffer 31gn1f1cantly froa Group (j) in

treatment effects, 1n;treatment by attiﬁude effects etc.?"

i
§
§

\\‘
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Sex‘v ‘
/
BC 4.06 1
. . \
nC 23.27 - 5 4.65 0.6° 0.064
F
- . BmBC 26.40 g 5.28 0.78 0.57
\ s
cov. 1 . .
1.09. yerbal ' 19.74 19.74 2.91 0.09
. ‘ )
covV - 2 ‘ o
1.Q- Nonverbal 31.86 31.86 0.47 0.03
’ ) (3
1 322.2 A7 .45 0.0vOl
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TABLE XXIV

COMPARISONS OF TREATMENT GROUPS FOR DIFFERENCES AMONG
ADJUSTED MEANS ON THE BPROCESS OF SCIENCE TEST

SOURCE \ Ss DF MS F p
A : |
Treatments 127.48, 5 /25.50 3.75 0.01
. \ ) <
B . ' ' L
Attitude 14.61 ' 1 14.6} .._ 0.22 0.64
N
AB : 3.10 5 6.18 0.92 - 0.47
c | _
sex - 0.06 = 1 0.06 0.01 " 0.93
BC 4.06 -1 4.06 0.60 0.44
© ' Aac. . 23.27 5  4.65:  0.69 0.64
i ‘ . o ‘
ABC 26.40 5 5.28 0.78 0.57
) . ’ .
~Cov. 1 : . s :
/} 1.Q. Verbald 19.74 1 19.74 2.91 - ,0.09
Cov. 2 , . '
I.Q. Nonverhbal 31.86 1 31.86 0.47 0.03
' Cov. 3 : o :
‘Coop Science 322,20 1 322,20 @ 47.45  0.001

" Error ©2349.57 346 6.79




TABLE XXV

182.°

COMPARISONS OF TREATMENT GROUPS FOR DIFFERENCES AMONG
ADJUSTED TREATMENT MEANS ON THE INQUIRY EFFICIENCY TEST

45,55

SOURCE ss DF MS F p
A | _ -

Treatments 787.47 5 157.49 3.46 0.0l
B - o ;

Attitude 110.41 1 110.42 2.42 0.12
AB 597.92 5  119.59 2.62 0.02
c . ]

Sex 18.92 1. 18.92° 0.42 0.52

. BC 19.15 1 .19.15. 0.42 . 0.52

ac 28.15 s 5.63 1.24  0.29
ABC 169.3¢ 5 33.87 0.74 0.59

Cov. 1 , " ‘ .

I'.Q. Verbal 1.93 1 1.93 0.04. .0.84

—va. 2 B L

I.Q. Nonverbal 478.13 1 478.13 10.50 0.001

.Cov. 3 - - N

COOP Science - 130.75 ~ 1 °130.75 2.87 0.09

Error 15760.70 346




__TABLE XXVI
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N COMPARISONS AMONG TREATMENT GROUPS FOR "DIFFERENCES AMONG
ADJUSTED TREATMENT MEANS ON THE SCIENCE REASONING TEST

'

[

SOURCE ss DF | MS F p
«
A -
“Treatments - 133.16 5 26.63 1.58 0.17
Attitude 26.08 1 26.08 1.55 0.22
AB - 9.68 5 - 19.31  11.45 0.34
- ¢ | s
Sex 16.36 1 16.36 0.97 0.33
BC 14.23 1 14.23 0.84 0.36
ac 61.09° 5 . 12.22  0.74 0.6l
ABC 74.09 5 14.82  0.88 0.50
Cov. 1 '
I.Q. Verbal 84.11 1 84.11 4.98°  0.03
Cov. 2 : : - . : L
.I.Q. Nonverbal 95.63 1 95.63 5.677 0.02
Cov. 3 ) : : » ) o .
COOP Science - 1429.77 1 1429.77  84.77 0.001
Error 1 5835.88 346 -~ 16.87 =




TABLE XxXVII

Y
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COMPARISONS AMONG TREATMENT GROWPS FOR DIFFERENCES AMONG

ADJUSTED TREATMENT MEANS ON THE TOUS (POSTTEST)

SOURCE ‘ SSs DF MS - F P
: A ) !
Tregatments 200.81 5 40.16 3.47 0.01
B .
Attitude 17.52 1 17.52 1.51 0.22
AB o E 113.92 5 22.78 1.97 0.08
.
Sex o 30.05 1 30.05 2.60 0.11
BC | 19.97 1 19.97 1.73 0.19.
, s ‘
AC : ’ 64.79 5 12.96 1.12 0.35
ABC - .. . 65.04 5 13.01 1.12 0.35
cov. 1 o :
I1.Q. Verbal'.‘ﬁﬁ . 43.09 1 43.09 3.72 0.05
St T e ' .
Cov.. 2 ‘ B
1.Q. Nonverbal .. . 4.64 1 4.64 0.40 0.53
- o o ' .
Cov. 3 . : e ‘
COOP ‘Science - % 604.39 1. 604.39 52.23 0.001
Cov. 4 s .,;9 d . ‘
TOUS pretest . 525.70 1 525.70 45.43 0.001
] : Ssx : /
& & N
W
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v

The data in Tables XXIV to XXVII inclusive indicate
" o R .

that there were no'statistically significant effects duc

to sex or attitude (p < 0.01). }It was therefore concluded
;' that treatments were relatively unaffected by the categor-
ical variables of attitude or sex. It was further concluded
that hypothesis 2.2 fails té be rejected, but hypotheses
2.0, 2.1, and 2.3 are not accepted. These rcéults\are
discussed below.

After allowing for initial differences among the
,tre;tment‘groupé.by means of COvariance adjustment from~»
-measurements of intelligence, as measured by I.Q. teéts,
and Science knowlédge, as measured by the COOP science

_ [
test; there was no significant difference ‘among the treat- -

ment groups in the adjusted means on the Science Reasoning

Test. The analysis of variance done.on the COOP, Table XIV,

indicated that the‘groups‘were significantly different on
. ‘ . _ ) -
this covariate (p <0.05) and in view of the fact that pre-

testing was done approximately one month after the opening
of th?‘school term, there may be some probability that the

use of the COOP science test as a covariate may have removed

>

-

some of the effects of the teaching procedures or treat-

“ments. It was oncluded, however, that there was no signif-
. ‘ ’ [ .
icant differendQ among groups in their knowledge of and

<
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skill in the processes of science as measured by the Science

Reasoning Test.

Significant differences were' found among groupe in .

the adjusted means on the Process of Science Test, the
- ! - o

Inquiry Efficiency Test, and the TOUS posttest (p < 0.01)

v

in each ease. The Process of Science Test was considered

to be less dependent on verbal skills than the Science
. ' ‘ .,I' ’

. ) . t T . ’ .
Reasoning Test and the removal of Somc,bf‘the verbal effects

may have had some bearing on the factifhatra_significanﬁ
difference was found in the aéjusted means of the PST but '@
not on tﬁe adjusted means o% the SRT. It was concludeq
thd%:aftefﬂeilowing for‘initial difﬁekences a?eng treatment'
groups in tested I.Q.‘and knowledge of scienceﬁ there‘were.
significant differences among the six'g;oups in their (1)
knowledge of end skill in:the processes of science (as

, ~ , :
measured‘by the PST) , ﬂi) e}ficiencyAin inquiry proceaures;
i.e.,the,ability te select questions,peftinent tolthe soiu-
tiog of a seientific problem or investigation (as measured
by7ghe IETf; and'(3) knowledge about scientists and thev .
.scientific‘ehterprise (as_measured by the TOUé).

A comparison of the adjusted treatment means on the

science tests is presented in Table XXVITI.
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TABLE XXVIII

-
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F

A COMPARISCN OF ADJUSTLED TREATMENT MEANS ON THE SCIENCE

o TESTS
L
TESTS
GROUP N TOUS SRT PST IET
A 82 18.08 14.57 8.09 28.55
B 65 18.93 14.90 _J8.54 27.52
- "Dd .

C 87 19.02 14.68 9.12 28.87
D 48 - 20.75 16.94 9.95 32.26
E 39 19.84 15.99 9.22 27.03
X 52 19.99 15.97 8.82 " 28.22
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\ It is clear that Group D remained in a superior

v

«%itude ]f this superiority has been somewhat reduced as a

result of the coyarlance adjustments.
Atfeéturé of the computet pProgram which alléwed for
'testing for thé significance of the difference betyeen,ény
pair of means was uti;ized ?o determine which ofﬁéte mean
differences contr;butéd to the significant rgSult for the
PST and for the IET. All possible éombinations were tested.
i‘ The results of the tests whith were founa to. be significant
“aré‘prihted in Table XXIX. The test is essentially‘a
Hotelling.T2 test’'(77) and outputs estimated difference
between means,—ldwer and upper bounds of diffe;eﬁcei Qar-
iiance, and probability ievel.
Group D-achievement, on the bésis Af%the adjusted
means, is thus significantly superior to thét of Groué A
on the Process of 501ence Test and SLgnlflcantly superior

\)
to that of Groups B and E on the Inaulgy Efficiency Test.

Although significant differences existed among
groups in the adjﬁsted means of the TOUS, the mean of Group

) D was not‘significantly superior to the mean of any other

L



TABLE XXIX

18R.

SIGNIFICANT DIFFERENCES IN ADJUSTED GROUP MEANS .(PROCESS
OF SCIENCE TEST AND INQUIRY EFFICIENCY TEST)

Lower

Instrument Comparison _ Upper Estimated var - jo)
- - of Bound Bound Difference iance
Group Mean ‘ Between
Difference \ Means
L \f
PST D -A 0.03 0.35 1.75 "0.26 0.04
W 1ET D - B 0.51 9.93 5.22 1.98 0.02
D - E 0.32 10.60 5.47 2.36 0.03
. \'
4
. !
\\



were'practically. o

£he total_sa

group.
for"comparativg_ Urposes. : ' B

of items for whlchéa;

U w o
Significant shi ft occurreq between the Toys Pretest apg the
TOUS Posttest ﬁhe‘foiio i

owing data were 6btained‘for each
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item of the Tqs:
l. The number of stgﬂents‘in cach treatment group
obﬁainingpa correct‘answer for the pretest (x)’
2. The numier of stuaents in each tfeatment group,

obtaining a correct answer for the posttest (y)

3. The number of students in cachﬁtreatment group
obtaining a correct answer for both the pretest -~

” and the posttest (q)

N

"

From these data a normal deviateée 2?5 calculated

from the formula:

- - x
" ,V&‘+~y - 2q

This forﬁula follows almost directly from the formuiafin

.'q;ergdson (32) =
Q

Where D and A refer to the cell frequencies as illustrated:

2ndi> .
FAIL PASS M
“ “ an
st pAss_ . A Bm N
FAIL C D

The results of ta&ee procedures are prcsented in

Q

Tables XXX and X001, | ” -
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NORMAL DEVIATES FPR TOUS TEST ITEMS ESTIMATING
CHANGE BETWEEN PRETEST AND POSTTEST

LTEM . GROUP
A B C D E+X

1. 1.00 1.89 2.31*  -0.58 0.30

2. -1.06 ~0.57 - .33 ~0.58 ~0.38
3. 0.24 ~1.00 -0.2 2.65% 0.91

4. ~0.17 ~0.69 1.35 -0.78 1.35

5. o.34' -1.51 ~0.507 2.06* -0.71

6. ~0.63 0.65 21.40 2.45% 0.93

7. 0.78 0.47 1.80 2.14% 0.22

8. ~0.60 0.00 0.,y ' -0.30 0.00
9. 1.83 1.09 0.73 1.70 2.20%
10. 0.71 0.58 -1.26 2.43% 3.28%

11. ~1.16 -1.51  -1.51 1.07 0.23
12, -0.87 2.24% 0.37 1.96% 1.03°
©13. -0.34 0.43 1.05 20.69 40537'
14, 0.54 1 0.78 :0.00 0.00 -0.87

15. 0.94 2.29%  0.17 1.00 1.42

.16, - -0.74 -1.15 0.54 2.00% 1.67

13,55 0.54  -1.15 1.62

17..

*Significant;‘p <0.05 : .

@significant change from

p <0.05.

right answer .to wrong answer,
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TABLE XXX (continued)

. LTEM , GROUP
A . B c . D E+X

18. ~1.09 ~0.19  -1.37 0.471  -1.03
19. 0.200 0.54 3.00%  -2.36¥  -1.57
20. 1.40 1.51 0.49 0.97"
21.;  2.84% ~ "-0.30 0.47 2.45% 1.15
22.!f ~1.20 1.10 1.62 | 0.22 2,299
23. 0.54  0.54 0.16  2.36%  -0.51
24. ©0.00 0.85 0.00° -2.11€ 1.83

- 25. 1.44 -1.46 0.38 - 0.45 -0.90
26. . 1.25 0,28  -0.58 1.39 0.90
27. 0.34 ~1.57 21.98®  53.002 ©-3.16%
28 -~ 1.96 ~-1.79 _1.18- 1.41 ., 1.88
29. -0’94 ~1.07 - -1.35 ¢ 1.13 3.00%
30. \<3f29@ 0.19 0.17 ~1.21 © . -0.60
31. 1.35  =-0.23 0.35 1.73 1.96%
32. 1.67 0.28 3.14% - 1.00 -1.15
33. 1 .42 0.41 ' -0.16  1.97%  0.76
34. . ~0.69 -0.78 0.17 ' -1.41 ~0.34
35. 0.96 -1.18  -1.57 0.00- 1.28"
36.  -0.66 -1.61 0.50 ~ -1.09  -1.04

‘%Significant, p < 0.05
@significant change from right answer to wrong answer,
P <0.05



TABLE XXXI

,1_940 )

NORMAL DEVIATES FOR TOUS TEST ITEMS ESTIMATING CHANGE

BETWEEN PRETEST AND POSTTEST FOR THE COMPLETE SAMPLE

GROUP GROUP
ITEM  COMPLETE SAMPLE ITEM  COMPLETE SAMPLE
1. 2.50% 19, 0.18
2. -1.22 20. 1.75
3. 0.93 ‘21; 2.76%
4. 0.64 22, -1.86
5. -0.33 23. 1.14
6. -0.64 24. 0.60
7. 2.02% 25. 0.09
8. ~0.20 26. 1.40 "
9. 3.32% 27. -4.06@
10. 1.81 ' 28. " 0.53
11. -1.47 29. 0.
12, 1.76 o 30. -1.81
13. 0.01 K 31a 2.18%
14. | 0.02 ‘,324 3.68% |
15 2.48% 33, 1.85
16. ) 0.99 34. -1.24
17. 11.89 35. -0.28
18. -1.57 36. -2.20@

@Si gn¥ficant chan

p <0.05
i et

. )*Significant, p <0.05 )

ge.from right answer to wrong answer,
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\ .
In fnterpreting the data of Tables XXX and XXXI,
\ S
two considerations must not be overlooked. For items which

a large number &f students answered correctly on the pre-

‘test, it is diffitult' to find any change that is statis-
tically significané\in t__ = f improvement; also aistatié—

tically significant hange< aay occur for 1tem§>wh1ch are

- : //
extremely difficult. K}opfer and McCann (61), in a 51 r

situation, adopted the criteria that no item was to be
considered an indication of weakness unless it was not

(<] / .

statistiéally eignificant and feWer than eighty per cent

of the students responded to it correctly on the pretest in 9

i

each year in which the test was given. At the other end of
\
‘the scale, an item was not used'as an 1nd1cator \$\§nccess

if fewer than twenty per cent of the students answered it-._

correctly on the posttest. - From these considerations, item

21 and item_36'were;not considered to be‘good ihdicatOfenof \
N ;))‘ . . -~ R ' ) )

‘a trend beCause fewer than twenty per cent of the students

answered these itéms correctly on the posttest. )

Forty-six per cent of the students selected response

.0

“A" and only nineteen per cent selected the correct response
“C" for item 21. This could be an attitude ‘effect due to
some tendency on the part of younger students to con51der

o

iSLlentlStS as being directly assoc1ated with the'applieation
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of all scientific knowledge. This item as illustrated

below:

21. Different groups of peoble help mankind in diff-
erent ways. What is the special way in which
scientists help mankind? -

A. Scientists make better things for better living.
- B. Scientists show us how to be more healthy.
{» C. Scientists give us knowledge about nature.
D. Scientists offer skilled service and advice.

n

This item may serve to discriminate between a beljief

in the "altruistic scientist" and a more thorough understand-

ing.of the methods and aims of science, but for statistical

‘reasons was not considered a good indicator of trend for
/ ‘ ;

this particular sample. -
. Fog the other example: . : A -
36. "Most scientists are smart, . They learn more
' easily thak_most people and can‘ do harder thlngs
with their minds.
Is thls statement correct? g .

'A, Yes, but scientists are generally no smarter “%—:..~~
~ ' than doctors or lawyers. - - S
- B. Yes, but only because sc1entists are born w1th
o sc1entlf1c 'skills. ' '
+ .C.. Yes, but only because sc1ent1sts~have recelved
special training. : ‘
'D. No. Scientists are about Aas smart as Tost
people but no smarter. o : '

Response "C" was favored by flfty per cent of the group.

The fallure of many students to reallze that the ‘word

sc1entrst appliesqto,a multitude of people and not just_to -

Kl
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. !, § .
the prominent men of science may have led| to the failure
to select the correct response "av, A,

All groups, except group A, show a change from"
1 . -
‘right to wrong answer on item 27. Each of groups C, D, and

E show a 51gn1f1cant change. R |
| 27 Scientists’ study plants malnly to:

A. help farmers to produce more food.

B. discover how to make new med1c1nes.

C. un¥erstand how they live and grow. - .
D. fifid out where they will grow best.

An examination of this item reveals no ambiguity. It is

‘ possible, however, that'these young students engaged in a
study of biological'science 1nterpreted the correct
response () to mean understanding in a broad sense The

| level of SOphistiCation of this age group could conceivably
. have led some students to reject the correct response
because they had~become aware that scientists understand a
great deal about how plants . .live and'grow.l~EssentlalIy,

they shlftb from rlght answer to wrong answer may“have been
part of a learnlng pattern in Wthh the student rejects the

‘accepted answer because he has a greater understanding than

he had 1n1t1ally but an 1nsuff1c1ent understandlng to

.
— T

v‘_

realize the complex1t1es 1nvolved in the "life and growth
of plants. Thls'argument,gcoupled with the fact that the

Groups (D ‘and E+X) whose -means exceeded that -of the total

L
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'samplc showad a significant change from right to wrong
paswer, suggests that whis particular item should be

omitted.

\

In Tables XXX and XXX, the negativé sign indicates

"N

--show a greater frequency of change from wrong to rlght than
!

vice versa but this frequency 1s not an overwhclmlng one,

a change ‘from right answer to a wrong answer. al] groups

- In terms of blgnlflcant change per item only group D seems
O have achleved any notable 1mprovement.' When the total

msamplevls con31dered some pouitiue changes become statis-
tlcally significant and indicate some overall measure of
success, The:following summary serves to illustrate the

growth (6r lack of growth) patterns.

ITEMS FOR WHICH A SIGNIFICANT SHIFT OCCURRED

~ GROUP |
' ’ : WRONG TO RIGHT . RIGHT TO WRONG
A . - | | . ..-17,30
B 12,15
c 1,193 ’
D o 3,5,6,7,10,12,16,25,33 19,24
E - _t 9,10,29,31 22

TOTAL 1,7,9,15, 31, 32
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In an attempt to obtain further evidence about
the'differenées among groups, the foreéoing data were used
in conjunction.with the considerations below.
\ .If ho net change existed between pretest and post-
-test;results, khere woul@ be appro;imately the sgmé number
of positive shifts as theré were negative,shifts; As§uming
tbat the changes were ranéomly distributed among the items,
statisticaily significant changes should occur in 5% of the.
items (2 items or less). That is, there should be 1 iteﬁ in
which there was a significant positive change and 34 items
without signifi¢ant poéitivé changes. If unde;—ihe a;sumpté
ion of ;andom distribution of changes it can be demonstrated

that ‘a greater number of positive shifts occurred than

could be atfributed to chance,'a contradiction exists. It

'

!

\,

~may then be concluded that the aségmptiop of random distrib-
ution is uhtgpable and/or there are a greater number of -
positive shifts ﬁhan:cbuld.bé attributed :to chance alone.
The actual feéults of eaﬁh g;odp (inlterms of
items with statisticqlly significaﬁt positive shifts) were
compared.to‘;he expected résults by means of a cﬁi,square
test;'dnly in thefcése of groﬁp D was any sighificant-diff-
‘erence found. For group D,x‘2 7. 5 andx (w1th Yates s

correctlon) = 5.7 )(_15 clearly 51gn1flcant in each case.
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Clearly then, group D has shown the greatest
positive change and group A the least. For group D, three

positive and one negative change belong to the portion of

TOUS classified as Understanding About the Scientific

Entérprise, 'two positive changes belong to Understanding

About the Personal Ciaracteristics of Scientists and four

positive changes and one negative change belong to the

portion classified as Understanding About the Methods and

s

Aims of Scfénce.j These sections have been heretofore
" classified as TOUS (a), TOUSY?), and TOUS (c) , resbéctively
and the remaining shifts und;} this‘classificatién are as
follows:

'TO’:sz_'.:(‘a) - E+X (3), Total (.1) N
Toué(b) - B(1), E+X (1), Total (1)
TOUS(c). —A (-2), B (1); C (3), Total (4)
in'which.the numbér in brackets immediately following the
group classification refers to the total humber of items'
and the negative prefix indicaﬁgsfthat the chanée is from a
right answgr‘to a wrong answef. |

AlthoughAall_grOups operated undérvthé same overgll'

curriculum,suéjegt to the same behavioral objecti&es as

‘implied by the Inventory, there were'significant differences

in achievement among groups. After allowing for initial
. . . \ .
/
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differences in 1.Q. and in general science achievement. N\
) \

\,
A\,

Group D had attarned greater knowledge of and skill in the AN
processes of science than Croup A and greater efficiency in
inquiry procedures (ability to select questions pertinent
to the solution of a scientific investigaﬁioﬁ)‘than either
Group B or Group E. “Although Group D was not shown to be
significautly superior to any other single group in ‘the
knowledge about science and scientists as measured by the
adjusted ﬁgzns on the TOUS (posttest), the group showed a
greater positive shift from wrong answers to right answers
on the TOUS than uny other group. ,}ﬁ is suggested there- ‘
fore that the treatment received by Group D was positively
reiated to achreueﬁehtékn the process dimension. ?he
?remainder of this chapter is‘dévotedwtO'the‘deterﬁination
iuf the kinds of'treatment received by each group and with

relating of treatments to achievement.

= g

A

" III. RESULTS OFfOBSERVAT}ONAL PROCEDURES'AND ALLIED ANALYSES*

The information obtained from the reports submitted

by the participating teachers was summarized in terms of

: *Data in Tables XXXII to XXXV inclusive were
obtained jointly with Powley (94) . They are repeated here

in the interests of clarity. .
\
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the time devoted to each instructional mode and to each
-process (Tables XXXII/and XXXIII). Some difficulty was
encountered in interpreting the meaning which could be
attached to the sumﬁary because of individual variééibns
as to the meaning attached to a given instructional mode.

For example, simulation as reported by teacher B, referred
i .

. ’
to-the student acting as a scientist in dealing with -

:

particular investigations. The other participants gen-

~erally placed this activity within the laboratory cat-

\
egory.

The time devoted to a given insfructional mode
‘ ¢

seems quite definitely more related to teaching style

than to the availability of resources or facilities.
. - . . 5

_Teacher A, fo;”example, had iaboratdry facilitiés which

- .

were inferior to those available to teacher B yet he
Qevotea\far more time to fhis parti;ﬁlaf?mode,.(40§l%>as
opposed to 1.8%). Even when the time devbééd tb simulation
is' added to thé\time‘devoted to léﬁofétory for—téacher B,
the time ratio of l;boratory’timelt total time i; almésth
four to one in favét of teache%ig; (40;1% to 10;439. »

It had also been éhticipated‘thét some information
« , ~ _
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A CO SPARISON
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TABLE XXXII '

or 'ILI\(,HL.RC IN TERMS OF PERCENTAGE OF

TIME DEVOTED TO DIFFERENT IN‘%TRUCTIONAL .MODES

)
’

Q@

-

INSTRUCTIONAL TEACHERS
MODES AA B c D E
: " —
Laboratory 40.1% 1.8 32.3 , :33.8 36.3"
. Demonstration 0.0 3.7 5.0 1+ 14.5%* 0.0
A-V Media 2.7 23.2* 14.8 0.0 21.6
Field Study 9.5% 3.5 .'0.0 0.0 4.7
History \ :
of Science 0.0 0.0 0.0 0.0 2.1
Invitations ! . “ |
to Inquiry 0.0 . 9.2% 0.0 0.0 0.0
Simulations 2.7 8.6%* 1.4 0.6 0.0
Project 0.0 0.9 0.0 0.0 6.9%
Library L .
Research . 7.5 12.1% 0.0 07b 0.0
P L .
Lecture N 6.9 6.8 q.2-  21.5%* 20.4
PR [ o o .
Discussion 23.9 25.0* 18.7 '1l2.9 17.6°
Other@ 6.8 5.3 29.4* 14.9 0.0

*Largest value for partlcular mode

@other:

1nc1udes drlll work sheets

— )
[4

chart making,

etc. not specxflcally listed under 1nstruct;9nal

. “Hmodes.\

-/



A COMPARISON OF TEACHERS IN TERMS OF
PROCESSES SPENT IN EACH GROSS PROCES

TABLEﬁXXXIII,

204,

PERCENTAGE OF TOTAL
S AND IN EACH MAJOR

PROCESS
. TEACHERS
PROCESS . - :
A B c D E
I. INITIATION 27,7 s52.1  38.2  47.8 41.2,
1. Identifying , f
Probléms 2.7 11.7 1:9 17.4 6.7~
2. Bacrkground 3 \ L
Information 7 24,2 9.1 9.9 20.0
3. Predictions 6.1 10.8 13.8 7 o.4 1.2
4« Hypotheses ta.7 4.6 10.5 5.1 5.4
5. Design of S ,
Experiment . 6.8, 0.8 2.8 15.0 7.9
II. COLLECTION OF - - |
' DATA ‘ 27.0 10.4 29,0 24,5 25.8 .
,. . % - N
6. Procedure 8.8 0.0 13.1 7.5 12.5
7. Observations 8.2 '10.4 15.3  17.0  13.3
o g ' : ' s :
III. PROCESSING OF
. DATA - ' 30
8. Organizing - | o
' Data 16.9 13.3 3.1 4.7 15.0
9. Representing . ' .
Data Graphically 4.0 5.4 3.1 2.4 3.3
10. Mathematical ‘ 0 g :
| 1.4 | 1.2 1.1 0.8 0.0

Treatment

=
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. TABLE XXXIIT (gontinued)
TEACHERS
PROCESS | S
S . A B C . C E
IV. CONCEPTUALIZATION o
OF DAT? 10.8  16.3  20.5 13.1 4.6
’ : 11. Interpreting . : :
of Data 6.8° 15.1 16.8 11.9 2.5
12. Operational ) _ .
. Definitions 8.0 0.0 - 3.1 1.2 2.1
13. Mathematical o . :
Relationships 0.0 1.2 0.0 0.0 0.0
14. Mental Models 0.0 0.0 . ' 0.6 0.0 0.0
V. OPEN-ENDEDNESS®  12.1 . .8.4 .0 9.0  .10.0
15. Further - (i
Evidence | 4.0 6.7 0.0 2.4 0.4
16. New Problems 0.0. 0.0 6.0 3.6 4.6
17. Application 8.1 1.7 0.0 2.8 5.0
7' )
Ny
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would have been torthcoming in terns of the sequence in
which instructional modes were used to ré&eal possible
individual pattéyns. The nétﬁre of the actual reports

_received and the omission of daFings, in soge instances,
macie this impossible. Nevertheless'certain.patterns

. clearly gmerge in terms of teacher preference for certain_
.‘instructional modes. Similarly, patternS'appea: to. exist

- for teacher. emphasis upon particular processe; aé'set'out
in the ;Eyentorx;

- = ?he observationéllinstrument, Eeferréd £o‘§n
Chapter.III,lwas used in order to obtain -a descripf;on éf-
thevshdrt term teaéhing procedu;es that are invelved within
one classroom periﬁd énd to make judgments abogt the
patterhs émerging from the long term gfbcedqres. .Thﬁf
reséarcher was particularly interested in the actuai mean-
ings attaghed to the variéus’procésseg of science as
interpreted by ééch individual teachér; Were these inter-
prgtatiOns identical with or similar to tha£ held by the

researcher and his colleague?* , : %

b
-

<

XSee Chéptef‘III p.119 for method used to establish
agreement between observers and thus form the "criterion"
for the ObsServational Instrument. -

A L

N
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The formal observations occupied three regular

classroom pPeriods for each active participant or a total of
.‘ AY

apprOX1mately 120 minutes of recerding time per teacher.

The percentages af tlme devoted to each process and to

each teachlng act were calculated and the results summarized

in Table XXXIV.'

\

The criterion,. as establlshed from the agreement

between the two observors on the seventeen gross processes
Q

‘was used to test Hypothes1s 3. O whlch is restated below-.

Hypothe51s 3.0 ‘There will be, no difference between the
teacher's perception, of the science
Process he is empha5171ng, and the sc1ence.
process he is actually emphas121ng.

4



TABLE XXXIV (PART 1I)

PERCENTAGE OF TIME DEVOTED TO EACH PROCESS

DURING FORMAL OBSERVATION

208.

" PROCESS

C

TEACHERS

10.

11.

© 12,

13..

14,
15.
16.
17.

Identifying and Form-

ulating a Problem

Background Info;mation
Predi;ting
Hypothesizing

Desigh

Procedure
Obseévations
Orgaﬁiziné of Daﬁa-

Representlng the ‘Data
Graphically '

‘Treating Data

Mathematically

Interpieting‘thé Data

Form Operational
Definitions

Mathematical
Relationships

Theory Building
Further Evidence
New Problems

Applying the Knowledge

18.9

13.5

21.6

21.6

62.9

29.0

1.6

7.1

37.4

40.1

30.8

13.1.

17.6

42,2

16.7
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TABLE XXXIV (PART II) "

' PERCENTAGE OF TIME SPENT IN DIFFERENT TEACHING ACTS
DURING THE FORMAL ‘OBSERVATION

TEACHING ACTS

TEACHER

. TEACHING TECHNIQUES

' . . ‘ 4
Teacher Talks o

Gives Directions
Introduces

-} Lectures

. Summarizes
Explains.

‘Teacher-Student Talk

Recitation
_Request and Ans. Quest.
"Discussion

Teacher Does

Uses A-V
Demonstration

Helps Indiv. Student® _

Students Do’

One Student-Classr
Students Work Individ.
Laboratory Work ’

’ /

bW
w v

3.2 3.4 3.8 18.6-

2.3 - 2.1

1.2 6.9
5.7 _

29.9 5.7 9.3

2.3 9.4 1.4

36.8 - 4.2

‘ 84

44.2 12.6 35.8 16.8°

e 0.7
40.0 11.5 . 6.3
12.6 ° 39.6 .23.8

v

@Helplng of 1nd1v1dual -students took place during -

-

times when students were engaged in laboratory work or wnen
others were worklng 1ndependently. : : . S
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TABLE XXXIV (PART Ii)(continuedy
L . TEACHERS. .
TEACHING ACTs | _ TRAcH
: ' A.. B c D E
. Purpose o i -
. Review T 1.6 13.3
Evaluation o )
. ) /.‘—. ‘
Teacher's Questfons® ) =
Recall Facts 0.0 356 19.1 - 37.5
‘See Relationships 50,0 5.6 38.1 25,09
' Make Observations . 30.0 - 0.0 28.6 37.5
- Hypothesize ‘ 10;9‘, 8.9 14.3
Test Hypotheses’ ' ' .
'g Method : : ' - ‘
8 |concrete . ©70.0.25.0" 56.3 7634 4.7
8 |abstract T 2909 35,0 43.8 26.6 35.3.
S | Subject Matter . e ~ .
0 | . » APV
& | Practical S 22,2 207 364 0.0 24,2
& | Theoretical 77.8 97.8 63,6 T00.0. 75.8
=
E&-]o' Pupil Activity AR C
2 . | o £ .
% |Directeq | - 100.0--97.9"760.6 100.0 100.0
g Non-Directeqd - SERTE 2.1 v ] :

1

®No questions audible for teacher p
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. Each teacher was ‘told prior to each lesson that
he mould be asked to list.the prScesses with/whichlhe had
dealt durlng the course of the lesson. It was assumed that

this practlce of éw’\hg prlor Hotlce would minimize p0551ble —
—— ( :

. errors due to memory effects

The null hypothe51s was rejected for any <ase in

A.whlch the teacher' s selectlon falled to lnclude at least
60% of the processes selected by the'criterion'gg if the

- teacher's selection could bewattributeé;to chance'alone

:zp <f.lO)L‘Each selection that was 60% or more kn agreement -

w1th the crlterlon was tested using the fOIIOW1ng cons;der-

atlons from elementary probablllty as descrlbed below._ '

Given that a teacher‘selected t processes and b

of these'processes~were iniagreement‘with the criterion;f
“Let T be the number of p0551ble samples of t processes

1

'.whlch.lnclude r or more of the'processes selected by the

i
o

criterion and let € be’ the number of p0351b1e samples of

t processes 1ncluded in the. l7 processes. The probabxllty fu -

(p) would be.



21%.

For the total observational period the probaSility‘
would be:

p=T1 +T2 + T3
' ClL +C2 + C3

‘The numbers 1, 2, and 3 refer to the first, second, and
third observational period respectively.
.\ )
, , : ,
The probability calculations for the teachers’

selections gave the following results:

Teacher ‘ Probability -

a0 .09
S j B . .12 (reject)
c 13 (reject) -
.'\‘| ) . ‘4 B . D ’ . ) .02 . | |
E oL

fhe.nu11 hypothesis'ie thus rejected for teacher '

' Bfahd for<teacher‘Q;.It cannot‘be claimed, therefore; that

egfeement with the criferion was achieved for either of

these feachers. Consequently, the summarles érepared‘by

them may not be entlrely credlble and should be subJect
o { .

3

to rather_cautlous 1nterpretations.
According to Table XXXV, each of these teachers
perceived that he was dealing with Identifying Problems:;

\ ' I3
- yet his actions in this regard were not identified as

e
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such by the observers. A close scrutiny of Table XXXIII
suggests that the relatively'large percentage (11.7%)
assigned by teacher B to Ideritifying Problems may bartly
belong ﬁ'Background Information; éimilarly, the large

L

percentage 16%) asigned hy teacher C to New Problems may

partly belinng tn Interpreting of Data.
: / _
It was considered reasonable to assume thdt if the

‘formal observations showed a pattern similar ﬁo that of the

long term summary, the long term patterns would be partly

%onfirmed To search‘for'some regularity,between the formal

observations and the long term reports the processes from

the long term summary (Table XXXIII) were ranked according

| to the time spent on each process during the formal observa—

" tion (see Table XXXVI). It was quite arbitrarily deCided

to reject all processes to which }ess than 6% of the process
time was devoted. This figure was chosen simply from the

consideration that, if each process occupied equal time

' each would occupy apprOXimately 6% of the total time.

Teachers D and E dealt With the same processes dur—
ing the 1ong term period. To a lesser extent, this was
also the case for teacher A, Little similarity is,evident.
between the long'term-summary and the formal observation

for either teacher B or C except in the following inStances:

v
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neither tended to emphasize Design, teacher B placed a
great deal of emphasis upon Baékground Information, and

teacher C placed some emphasis upon Hqutheseé.‘

s
roe

The tabulgzgaﬁEESGIts (Table‘XXXV) seew to con--
tradict the essence of the érocess approach in the follow-
ing: (1) teacﬁef A placed very‘little“emphasis upon
Idéntification‘of Problems (0.5% yet deait extensively
with Desigg (6.8%), Pfoced;r§~(8.8%), and Observatioﬁs
(18.2%) ; (2)_$eachef‘B spent con;iderable.time on Identifkm-
" tion of Problems (11.2%), and Baékgroundxgnformation

(24;2%5; and a\minimai amount on Design (Q;S%D: (3)»teacher
C spent littié‘time on Idéntifyiﬁg Rroblems;(O;S%),“but‘alr
relatively laréevporﬁioh oflihé ﬁime onprééesées whicﬂ*\\‘
normally lel6w the Identi%ication4gf_PrQBiéms; ‘

' Although no rigid ordér is implied ih the I;Qentorx
within which framewor? the teachers under iﬁve§£igation
were asgumed tévbe 0perating,ithe.design‘for the éoilection
of data coﬁld scarceiy"be piannéd without a lear“idegtifica—
tionrof.the problem. Similarly, procedufe anh ob;efvations
become éimost random efforts unless sﬁruéttfed by an'appfo;
‘priatg design. These congideratiogs suggest that teaghers
A, B, éna C wére not truly operatiﬁé within the fraﬁeworg

v . . i_ ;/
of the Inventory as would be interpreted by this researcher.

e



217.

] f

Coupled with the uncertainty thrown on whether teachers B

3 a

and C perceived the-pfocesses ih4the'§ame way as was for /
the criterion, it may be tentativeiy ?ssumed that téachers“
B and C would rank slightly iowei than A\Qn a continuum L
ranging from "inconsistent" to "consistent; with the
Inventory. | o | ‘ : ' R ;
On the long term summary,'teaéher E reported thét: |

-

40.8% of the time was devoted to Procedure, Observatiopns,

s . . »

énd Orgénizihg Data and only 2.5% to Inﬁerpretations; This
imbalance could perhaps occur in long term ipdéétigatioﬁs
for which interpretatidns had not yet‘been made but the
_inQestigétions beiqégcarried out. were of ;elgtively short
 term duration; From this considefation, it wés;gecidéd to

rank E slightly below D inmtér@§“gf consistencykyith the |

.

Inventory. In'conformity with the foregoing arguments, the

- . ) . ey, . ‘_ .
ranking of teachrers in terms of consistency with the'.

i !

Inventory is depicted in Figure 5 below. It is not: to be
implied that this is an evaluative judgmenty in which D is’

in any way superior to any of thé others but simply that D

\ . . . 2

© 'Inconsistent . S Consistent

; » — i — T
B and C _ A ~E D
‘ R, . .
.-~ .Figure 5. Ranking of Treatments in Terms of Consis-
tency With the Inventory T : : K :
1 )

a
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L4 ‘ v ) ' . _‘ .

appears to be the most consistent with respect to the

Inventory and 'B and C the least‘consistent. ' 5

According to Powley (94), D was also superioar in

tezms of attrlbutes commonly associated with gaod teachers

The attrlbutes, as listed by Powley, anq the assoc1ated

ranklngs based on the lntultlve judgemnnts of Paw]ey and
this researcher are presented in Appendlx E.

A descrlptlan of the dxfferent_teachingAacts is

» ~

S

presented in Teble'kXXIX.(Part I1). Althsugh this table
samoles only a small portion of the teaching -time, some
oharacteristics are-worthy_of note. - : .\:

Teachers A and E were hlgh oh "teacher talks" and
teachers q; D, and E low, Teachers E and C tehgeg to ask

questlans of the factual recall type (35 6% ‘and 37, 5%

\..

respectlvely) as compared to 19 1% factual recall qdestionsv

for teacher D and 10% for teacher A Teachers D and A are
i ° R J

' thus more cahcerned,with conceptual questions. Methads,’

¢

‘with the exceptlan of those Df teacher B, were generally

»

cancrete as placed on a concrete-—abstract co t' uum and

the ranklng of teéchers on, this continuum’ wofld | be in the.

- ¥

srder. A, E, D, Cr and B Subject matter: was malnly thearet-

' 1cal (cantalnlng reference ta abstract princ1ples) as

app:sed ts practical (totally w1th1n the experlence of the °.

v

-
5

. e
9
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t

lgarner). The teachers ranged From 64% theoretical to 100%
b ] !
theoretica]hand ranked in the increasing order C, ﬂ, A, B,

and D. Because >f the method of scoring used in the Observ—

ationsl Instruqent, the term'"theoretical" could be describ-

I

"ed as the "presence'of theory in classroom activity"”. In
the relatively abstract methodology of B)'the’presence of -
ytheory wish classroom activity was high (98%). A more

surprising‘result was'the 100% presence of theory in the

more concreke methodology of D. @

The method used by’ each teacher durlng the formal
observatlon partly confirms the lnformatlon presented in

Table XOXIV. Allé?f the teathers except B psed the laborat-
o%» f‘:{

ory_asva!major instructiosnal mode. Thls table sugggsts that

teachers D and E Were‘more'similar~1n their choice of inw-

¥ }é" ,

structlonal modes than were any other .pair. The teachers are,

listed below followed in osrder by the instructiosnal modes
L o : ' .
‘md>st often utilized by each. :

A - Laboratory (40%), Discussion, (24%), Field Stady

(10%) ’

° . -

B - DlscuSSLQn (25%), A=V Media (23%), Library,Research

(12%) 1 | .o \. '

C -"Laboratory (32%), Discussion (l9%); A=V Media (L5%)



D - Laboratory (34%), Lecture (22%), Demonstration

(15%), Discussion (]3 %)

\

E - Labaratary (36%), A-V Media (22%’, Lecture (20%)
Discussidn (lé%) U
The characteristics of each teachihgvmethpd as
'interpreted by this researcher from the avatlable databare
summarized in the following paragraphs: |
Methad A represedted the-extneme af'the‘fite

-

examples in levels of permissiveness. Emphasis was placed
upanbactive student harticipation. Thearetical concepts
" were in evidence and conceptual questions were favored.
A minimal amount 5f time wae spent.on the identificatiosn

of problems.. ‘ ‘ . . r
: g : :

Method B was dlstlnctly dlfferent from: the ather

four This methadalogy was the most abstract of the five.

3

It was verbally orlented and student activity was v1éari:us

'rather than active, Sc1ent1f£c theary was;dealt with exten-

LY

sively with 11ttle reference to act1v1t1es in the laboratory

£

. or the field. There was ahtendency to deal with the -processes

5f science in 1solatlon from each other .
< : o ,
Methad c represented the extreme 1n structurlng .

Questlons tended to empha51ze factual recall processes were

|
)

dealt with as they arose from metlculously planned "inteatigf

»'. . ’ - ’ '- . ’ . [ u/:
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atidns" and c:hsideraﬁle emphasis.wés placéd on supporting
_activities such as dr;ll and review ;ctiviﬁées.

Methods D and E could be.plécéd at t@e approximate
mid-point .on an unstructured-- struétured continuunm,
Proéessés were‘dealt with as dictated by the content. The
main discernible differences between tﬁesé tﬁa methodqlbgies
were that D spent more time on supportive activities aﬁd
his questions were motéAconceptually'oriehted. )

Although it hés beén claimed that éroup'D demod—

strated éuperiofity to the other groups in gfowth in know-

ledge  about science and scientists as measured by the TOUS,

‘it cannot be inferred that this was- definitely due to> any -

r ) )
,superfbrity in ipstructiosnal procedures. Similarly, the

sd@eriority of D on the adjusted means of the PST and the

IET may have'been due t5 some initial innaté'Superiarity
of group D. Although a cause-effect relationship cannot be

establiéhéd,\some fegularities.are eQideﬁt when treatment
grsups are rahkéé (as in Table XXiVII) in terms ;f the
;_tﬁ;ee gateg;ries 5f’attitudé, achieyeménﬁ}“and character- .
istics éf insfructional input.v

| ‘Thg-attiéuae and achievement sections correspond

closely but i;)ié generally cohceded that students with

positive attitudes tend’to do well and vice-versa. The

~
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TABLE XXXVIT -

A COMPARISON OF THE RANKING OF THR GROUPS ON SELECTED
INSTRUMENTS anp PROCEDURES

: - : . ..
| | , . | o " ‘RANKING
INSTRUMENT CR" MEASURE‘ o 1 2 3 4 5
TOUS | ;] D E ¢ B g,
‘ o
» A, N )
SRT - E. b E B ¢ a
. > _
PST . D E ¢ B ,
- 3]
IET. jj D ¢ a p g
HIFAMS (1) —] D E ¢ B ,
‘ . D ' 2t
HIFAMS (2) i3 DbE ¢ -3
. o .
HIFAMS (3). b5 "D B @ B- A
o ¢ < )
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"characteristics of Instructional Input" section demonstrate
that, except for»the:position'ofA, the ranhings_under "ché.
sistency With the fnventory" agree exactly with the‘rankings
on the TOUsrand the IET..The ranking'of‘E is 15w 5n both
'the'“Ratio of Teacher—student Talk to Teacher Talk" and
the "Ratio of Conceptual QueStions to Factual‘Questions"m
The relatively low ranking of E and the relatively high
ranklng >f A correspond to a SLmilar relatlonship on . the}
:IET in which group A ranks third rather than 1ts customary
cifth and and group E ranks £ifth rather than its usual
& .
second There is little regularity,ihowever, between the
' ranklngs of the three ratios (Teacher-Student Talk to
Teacher Talk Ratio of Conceptual Questions to factual
Questions,-and Nonverbal/ Verbal Time Ratio) and. the rank—‘
ings,in either the'attitude o} o the.achievement,section..
The evidence suggests that the teaching strategy of
"imitating the_scientist"t(Consistency ﬁith‘the_Inventory)
may be-positiVely‘related to achievement in‘the process

dimension There is some indication that that a student 8.

ability to select questions pertinent to the solution

of a scientific;investigation may be enhanced by teaching

\techniques'which favor conceptual questions and . thus

-~

ey e ,.»\-~.fkc‘__22 3: o
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‘encourage students' questions. There seems t> be little -,

.gsupport for any clalm of a relationshlp between facets
¥ L ,

,.

of an lnstructronal procedure such as the tlme ratlos

above, and.student achievement in the process dimension. ..

L . -

. “IV. SUMMARY-

In terms of the evaluation modelvof:ChapteryIII

(Figure 2y, an,attempt was made to_determine the character- .

!

lsthS of. each separate currlculum and relate these results o

to comparlsons among groups in achlevement in the pocess

dimension.”

It was determined that there were: wxde variations~“

in bresentatlaﬁf, lmplementatlons, and 1nterpretations of

the overall currlculum Oof' the five methodologles observed

‘one was determlned to be dlstlnctly different from the"
. i |

A-other four. of the remalnlng four methodologres,vone was
highly structured 'one somewhat permlssive, and the remain- o
ing two occupied a po51t1on mldway between the two extremes o
] There were slgnlflcant dlfferences among groups in
knowledge about sc1ence and sc1entlsts, knowledge of and
'sklll in the processes‘of sc1ence, and eff1c1ency in in- "~

gulry procedures These dlfferences _may have been due to

some 1n1t1a1 superlorlty in one of the groups but they

4
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- could als> be related to‘differences~in instructional

procedures,

There was little dr nd ev1dence to support any

clalm for a. relatlonshlp between 1nd1V1dual facets of -an

Hlnstructlonal procedure and student‘achlevement 1n the

process dlmensron. It is suggested that it is the combxn-

'atlon and lnterrelationshlp of these facets whlch may\be'
/

1mportant
J

Instructlonal procedures which tend to max1mize

process approach objectlves appear to have the following

character15t1cs€' (a)_ the major 1nstructiona1 mode is a

=

'nonverbal (partlcularly laboratory) one, (b) the teacher

—

asks conceptual questlons and encourages students to. ask
further questionsg related to ehe phenomenon under 1nrest—
rgatlon, and (c) the processes of sc1ence are dealt with
as dlctated by the subject matter under investigation..Q
Further 1mp11catlons relatlng characteristlcs of input }

;(treatment) “to achlevement will be found in the folkowing

chapter. B uf?r ] - J"o



CHAPTER V
- SUMMARY- AND GENERALIZATIONS

e I. SUMMARY

4

R . R N 1 - . ' .
In this.study an instructional model was designed

and used to develop an evaluation model suitable for a pro-.

cess approach curriculum. The evaluation model was' used to

dfaw.inferences relative to the problem of how to instruct.

“students in sETbnce so:that‘theéevstddents would‘géin-know—
ledge of ahd-skill in-the;procegsésiof scie#é; and‘becamé
more cpghizéht §f the‘scientist_ana fhe scigntific énter-
érisé,

The'EVglﬁétion ﬁsael inclﬁded'thg‘recognitiqn_that
thé infent:and thé-implementation sf a §ivén curficulum ére
seld:m the'séme»énd utiliged ob$ervéti5n$1_?roceduresvtp.
Fstimate the actual na;ﬁre‘of each curFiéulﬁm used inlgyg
s#udy. Evaluation.instrumenté Qere Selected; prepared,lbr_ 
"adapféd to sémple_behaviors.cﬁhsideréd-tﬁlbe.indicative oé‘ﬁ“
'prafiéienéy in the prgcegsldsmain. Théseveyaluatibs instrgr
ménté.éurpﬁrted to ﬁéasufe; (l) knoﬁledge_abbut:sqience,aﬂd‘
HSCientists, (2)vknowledge §f and skiLl-in the processes of

SCiehce,vand‘(3) effiéiency in inquiry pracedures. !

\<

226
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A process approach biological science curriculum

operating’under the franework of the Inventorx was the ,.)
off1c1al curricdulum used in the study. The actual curriculum
was considered to conSLSt >f five separate currlcula.‘The
nature 5f eadhzof these curricula was cbnsidered to depend
upon how each participating teacher interpreted the offiCial
Icurricdlumf

Comparisons were made amdng groups sn -achievement
‘data and related to sihilarities and differences in-input

. o [

vaas estlmated from the observational proceduresvih an attempt
‘to determine the kinds of 1nput which tended to maximize
process(approach objectlves. ‘ |

4
‘ ) .
II. RESULTS

\\
b
i

The results of the procpdures outlined above are

]

glven in the previous chapter These results indlcate that
—"“&w\

- 'the relatlve success of. each group appears to be po51t1ve1y

~

| ,related to the degree to‘whlah the teachers understood and
interpreted the processes of sc1ence in a manner.conSLStent
with the inplications of»the.Inventorz.

The recognltlon 1n the evaluatlon model that the

1ntent and 1mp1ementatlon >f a given currlculum are seldom
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the same has been substantiated. The intent oOf the official
curriculum was that each tearho would operate under the

framewor< af the Invent:xx and thus accept theAﬁwo major

inguiry in 1earn1ng science, The resﬁlts af the observational

procedures sh . ’ that two out of the five currlcula were
nst truly OP€. ' ng within the framewerk of the Inventorz

and only twa currlcula were similar in leve]s of structur-
;1n6 ard the use of the processes of scientlflc 1nqu1ry.

| The 1nstruments as selected prepared arfadapted -
were used to obtaln data relatlve to an Dverall measure of
:sugcess in understabolng the process dlmenSLOn of science
by ‘a<1ng comparlsons among graups in areas spe01f1c td |

each 1nstrument The TOUS was used to make camparlsans-

and skill in the prhcesses af sc1ence It dealt Wlth ‘the
recognltion of. phases of a sc1entif1c 1nvest1gat13n, the
maklng of Judoements related to- the evaluatlon of hypotheses,

and the ab111ty to discern the\sditablllty~9f_particulare

B
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experimental procedures for specific problems. The Process

f Science Test was used to make comparisons related to

—— ——

how well students could actually osperate in the process
aspects Df'the curriculum when ccnfronted with simulated

investigations presented by visual stimuli. The Inquiry

i ) .
Efficiency Test utilized one half of each form of the

TAB Science-TeSt ( 57,19’7\but adoptéd a_weigﬁtéd scoxring
system to sbtain a'éuitg specific measure. This scoring
system was used to obtain a,measure related toAthe ;bility
taiseléct qqesﬁions Qhose ans@ers are helpful in obtaining
a éolutian’tq 2 new or novel brobiem in science.
The:twa~rnstrument§ specifically prepared for this

study were the Science Reasoning Test and the Process of

Science Test. Evidence akout reliability and validity was

i

presented in'Chapter III. The Science Reasoning Test was

found to be quite reliab1é~but seemed to depend, tp some
extént, up5n prior knowledge'of_science and tested intell-
igence. This was confirmed by the'fact that no significant
diffefence among treatment éroups was ﬁaﬁnd w‘en~t%é Ir,Q.
scSres and the COO? scores were usgd'as éoVa;iates'even

although the'difference was highly significant (p < .001)

. using analysis of variance. This test had béen abbreviated
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55 as to conform to the time arailable in regular class—‘
room periosds so there is some expectation that with further
testing using ah extenided form koth its reliability and

sen=lt1v1ty will be inereased. ~ The Process of Science

Lfest used a prepared film loop to ensure that the stimuli
would be the same for all groups tested The fiim loop
.was supplemented by dlagrams Wthh emphas1ze key points of
the investlgatlon alsplayed by the film. Although lower 4in

Lellablllty than the Science Reasoninq Test, it seemed to

be less depencent upon prior knowledge and tested 1nte11-

1gence and more related to a performance abllity.v

4]

TII. DISCUSSION OF RESULTS ¥

e

~

J &

‘»
'f.

Although designed specifically as a measure »>f
achievement in the process dimension,. the.technique used

in the Proce ss of Sc1ence Test could prov1de a link between

»

evaluation and 1nstructlon Actual classroom demonstratlons

3

sr."investigations"” could ‘be v1deotaped and thus allow for
student teacher dlscu581on of the SUltablllty of the tech~
nlques and procedures employed These V1deotaped recordlngs

( or other suitable v1sual input such as film loops ) could

serve as problem foci forfquestions of three main types:
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B ' v < R N . :
1. Questions dealing with the recognition of processes

2. Questions’ related'to the ability}to deal with

G

" specific processés'
'3. Questions which require the individual to exercise
- judgment about the suitability of the processes in

‘relationship to the main problem.

2

" Samples of questions of each of these typeé re fo be:found -
L / . . S__.., . < a : , s
in:the Science Re#éoning,Test and the Process of Science

i .
\ i

Test in Appendix C.
In process evaluation there would seem to be no

adequate substitute for judgments related to actual perform-~'
. o - ‘ " .
ance. An evaluator of student competence in the process
4 | _ R n
a position'to answer the questions: To
Lo - o ;

what degree ddes.this student carry out andindepgﬁdent>

‘dimension must be in

investigation?; Does he and ‘can he hypothgsize?, make -

acchrdtg‘obser&ationS? and so on. It would be Hélpful if

tests in the brocess dimension were supplemented_by»judg~
ments made by-teéchers.‘ It is suggésted;that.theée?judgg
ments b; oréanized éround ﬁhe inventorx’éo that the téacher
would grade éach@student;ﬁ'perform;nde in each process Qsed

in an investigation. As an initial grading system, three

grades could be assigned: yes (Y), no  (N) aﬁd dcubt ful (D)f
" On a sheet with the processes listed in the rows and the
. AN v . =

IS
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students' names .in the-columns a quick recording 1s poss-

3

lble. ThlS would provide an’ 1mmed1ate visual reference for

B} diagnoStic purpOSes, not only for student grading and over- .
) . . ) .. . ) X . < . . \
all class competence, but also“to(illustrate whether the-.

chosen investigations spanned’ the processes or simply ;
| ‘ . . . »
. N L - /r
concentrated on -.a few,

Although method D appeared,to>haue been the most

Q

,successful‘and‘method A (or possibly B) the least success-
ful, a diredt relationﬁhip between the*characteristics’of_f

each teaching method. and student.achievement'can only be

implied on a descriptive basis. ) f S ’ . y

-

,Metggd A-represented¢the‘extreme-6f‘the methodologies
in levels of perm1851veness and students were expected to |
dlscover many relatlonshlps w1th mxnlmal a851stance. The '
',achlevement of group A. was low\on all of the achlevement

" tes except the IET. The unstructured 1nqu1ry approach .

o : ° i . - ' o

whlle notrvery successful in most Areas, seems to be as .

b -

successful as most of the others in incre;sing,student abil-.
n . ’ o - . 5 . "/\ . . 'l
ity to select questions whose answers are necessary to the

solution of a,scientific-problem. L N - -,

Method B was the most abstract and theoretlcal of

‘e

the methodologles. Although group B was relatlvely low in

U .

~most areas of achlevement,~1t was approxlmately average ono‘

=
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the SRT. A more abstract methodology may thus be slightly

more effective.than uns tructured inquiry for dealing with
i N ‘ \ '
more abstract data. ' - . ‘
< , :
Method c was the most structured methodology The

-

1nvestlgatlons carried out by students were metlculously

! 5 ’ ' . ’ 13

.preplanned and“thé.acCompanying-instructions"were detailed

o

and %B&%lflc. The achlevement of group C was sllghtly

o
5
super?%r ‘to that of group A or group B whlch could 1nd1cate

1

=that‘h1ghlylstructured inquiry‘is more successful than
- .

‘unstruﬁtured 1nqu1ry at least at the Junlor hlgh school

o »

ﬂlevel. ‘ . s ,
“ . . ~,|A’~" -U\

S .
. Methods D and E were qulte SLmllar and represent

e
) the approx1mate m1dpornt between A “‘and C. 1n terms of struct~

. '

;,urlng. The main differencesjbetWeen'the'two methodologies
g _ o L » .
fWere:that-D spent more time on supportive aCtivities such

'as drlll ané revﬂew and his" questlons were more conceptual

7 ly orlented This observer made anecdotal notes durlng the =

e )

‘ observatlonal ses!?ons and had noted-‘"Students ask quest~

ions freely."“The fact that group D was. s;gn1f1Cant1y sup-

=
3

‘erlor to. group E or. the IET may reflect the dlfferences

.
s "~

between the two methodologles. Teacher 'E spent con81derab1y

_,C‘

more time than D ln g1v1ng dlrectlons and also favored

% L ‘s'*ﬁ T S o ’ ) : o

- v



T

L . 274,

!

factualgquestions The tendency of D to draw out questlons

. o

from the students and dlrect { hem Lowards the answers

rather than satlsfylng student querles by exp11c1tzd1rect-

-~

1ons may have a relatlonshlp to the superlorlty of group b

As well as the contlnuum\ranglng from structured to
unstructured opportunities fsf learning,'there were difder-
ences among the methodologles in the choices of 1nstruct13n~
al modes andiln the types of tasks posed “for the students
If‘the tashs were beyond the. 1ntellectual or developmental
level of;the.students, negatlye motivation could have 11;7 4;y
resul ted. On.the other hand if the tasks were simplistic
;and all of‘the materials were famlllar the incentf%e»to
dlscover mew're]atlonshlps could have been absent

Waetjen (122) dlscusses eplstemlc motlvatlon and
“indicates that motlvatlon is increasegd 1f some. element of
elther the content orllnstructlonal procedure lS unknown or

unpredlcted by the student If there is a perfect match" .

'between the currlculum contentland 1nstruct1&l mathods
communlcated to the 1nd1v1dual s cognltlve strucfxne llttle
learnlng takes place and S1mllarly, if there is no "match"”
again little learnlng w111 result Thls of course, is

R XY

_what would be’ @plled by Festlnger s (33) theory of

B

]

3'
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cognitivé dissonance and could be illustrated by two
.extremqs in science teaching stfategiesl At the one
' extreme a teacher could structure an investigation By means
of specific ihstfuctions thcﬁ détailed_the procedures to |

be carried out and at the other extreme the teacher, in the

name of inquiry, would present the student with an "inveéJ

tigation" entirely‘hnﬁ@miliar to the students and without‘
; P

any hints as to what the problem was all about or what

o

procedures might be fruitful. Although-no teacher in the
grouy stqdié&“hgreibélonged to either extreme, teacher C
tended toward the first extreme and teacher A toward the e

second. In both instances the time devoted to tﬁe.
identification of problems was minimal, so motivation to -

; , | ﬂ . N | e
learn may well have been slightly inhibited. i

Many writers (115, 123} 16, 52) emphasize the

importance of motivation and, directly or indirectly, the

3 s

imqutana of closure. . From §h¢ data in the pfeVious chap-
ter, it ig.evident that somé meﬁbeféj(A‘andAB)'éf the teachf‘
‘ing group}éeemed to minimize inference§4£eSﬁltiné from
ipvestigétions éaf:ied 6;£ by the student. The failﬁre to

'

complete the investigation circuit could conceivably have

adversely affected student mbtivation-énd, hence, .achievez

ment.
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The students used in this study were junior-high

school students and, in terms of development' have depend-
ence on concrete emplrlcal brops. It is noted that treatment
D included, as supplementary to the laboratory, ars larce
‘amount of time devoted to demonstrations, Converselv; treat-
ment B devoted almost no time to the laboratory and very
little time to demonstratlons The relatlvely poor showing
of group B as compared.to D cannot be explained on this
ba51s alone, but it 1s‘conce1vable that atment B'might
have been more suitable,for.senror‘high s 001 students-
i.e., the students in the sample were barely out of elemen—
| tary- school and could have had some dlfflculty deallng
‘with thebrelatlvely more abstract treatment
- The'falluif to'identify problems clearl; and to
‘allow students to flounder about in a relatlvely unstruc—
tured SLtuatlon.could cause dlscouragement and lead to a
negatlve attltude. The success of a tradltlonal approach
rn many 1nstances may be'asﬁeclated urth the fact that
the dlrectlon and the approach the student was to useb
was set out exp11c1tly. A study by Taylor Pearce (119)

in the field of mathematlcs tends to substantlate the 1dea

~ that creativity and inquiry are not increased by the



Iinvestigation. ‘This study found that a so-called "math-

' measured by the ihstrumengs used in this study,. devoted

SO ' ' 237.
A} . .

provision of a relatively unstﬁuctured situation for

/

~ematizing" method which consisted of a stage of uninhibited

expioratidn of a.pfoblém‘éituation on the part of the

pupils and a stagé of hypotheses formulatiné by them was

‘relatively inferior to theé production of creativity than

was the expository method. Strong evidence that the
accumulation of knowledge was alsc related to, and possibly
a prerequisite for, increased ¢reativity adds‘support to .

the idea that substance and syntax of éubject matter are

intérdependent.

./,

The most successful of the-éféatmentéﬁ(D), as

almost forty percentf(37t4%) of the time to lecture and

demonstration. This could suggest that some expository -
. geE= : g

Lreatment, skillfuily done,_is a'very effective way of

transmitting knowledge;. When this is combinea with inves-

&

" tigations which form a cycle from the identification of the
'problem tdAthe interpretations. (which would provide cloéure_

‘and possibly increase motivation), further incentive to

< .

inquiry could be enhanced. It is entirely possible that
the failure of some teachers to provide ahy';néwe;s,gnd to

%
concentrate entirely on process objectivege may represent



tHe'swinging of the‘pendulum too far in the direction

opposite to.the subject matter approach. Meyer (75), in an -

/.
evaluatlon of Nuffleld SC1ence comments:

" Nuffield subjects in this study in solvrng problems: by
consultlng authoratlve sour  cs ,such as: books and
journals, or by s1mpiy questlonlng the teacher is
alarming. (75) _ -

Whlle skept1C1sm deflnltely has 1ts place 1t would

" seem dangerous to do away W1th all authorlty flgures and to’

encourage students at a very early age to reject commonly
[

238. -

accepted sc1ent1f1c facts. Junlor hlghmschool'Students Lt

)

would seem do requlre som?_securlty, even in what they

learn. There is a vast dlstlnctlon between the notlon of

“the teacher or written authorlty belng sometlmes wrong-—v

T

, )

‘rather than always to be gﬁestloned A great deal of Sklll
7: ) i
is requlred to develop the idea that sc1ence searches after

1 5

truth and 1ts prlmé aim is to brlng manklnd closer to the
1 .

f truth Schwab 1llustrates‘how the essentlal doubt compon-

-

) . .
ent may be brought 1nto 1ts proper perspectlve-

What is wanted thereﬁore is a mode of - dlscourse -
which will e&hlblt thé hes1tanc1es of'lnqulry for
what they are: signs og the complexities of* the .
problems which scientists: dare solve, and objects
of systematlc resear and rectlflcatlon. (104)

As 1nd1cated prevrpusly, the Inventory was adopted
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in an~a#tempt to provide a framework within which the
P ] - . : » .

] ; : ‘ I * - . J
product and the process of science could be shown as

\ N
I

intimately'related neither as4existing without the other.

It was cons1dered that the separatlon of the two w1th1n a

teaching strategy would not reveal science as it 1s.»r

Unfortunately, there is. a dlStlnCt p0551b111ty that the

Y ’(

Inventory was mlslnterpreted (two out of five of the

teachers falled to agree with the crlterlon on the prOCesses

-they were empha5121ng).' Over and'above this, there 1is some -

pOSolbllltY that the Inventory was mlsused to 51mply prov1de'"

. a llSt of ‘science pProcesses that-the chlldren could name

and 1d°nt1fy. This latter prooedure could simply replace

the old fashloned "Sc1ent1flc Method" of ‘some 51x cat-_-'

egorles W1th an equally formallzed one contalnlng seventeen
categerles and numerous sub- categorles.

Although attltude ‘was not found to be s1gn1flcantly

related to sc1ence achlevement w1th1n SChOOlS, there was a

striking 51mllar1ty between achlevement and attltude scores.h

g

As a "post hoc" test it was dlscovered that the attltude of

students was 51gn1f1cantly related to achlevement (correla—

- tion coeff1c1ents between HIFAMS and - TOUS posttest SRT \f”

PST and. IET were 0. 29(p<o 001);" 0. 29(p<o 001), 0.25'"

(p( 0. OOl) and 0. 15 (p(O .01) reSpectlvely) Although it

o _ )
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could not be inferred_that there was any causal relation-
ship, it may be hypothesized'that some part of the attitude
‘score Qas_directly related'to instructional procedure.
nMost,individuals.require some-measure~of'success
| combined with some challenge and one of the_most important
tasks|of the teacher could well be ‘that of provlding.a
balance between the succédss and the challenge. In dealing
with the course w1th1n the Inventorz the challenge is
presented w1th the Qdéhtlflcatlon of the problem and,often
the success?with the resultingzinference. ;t is the teach-

\ . L

er's task,to determine how much and what_kind of assistance
is required byAeach individual. 4foofmnch asslstance might
tend to stifle initiative‘and4too little could result. in
Amlthdrawal. -It!is_not to be implied that all investiga-
tions must end with some definite”inference .but'any‘
iteacher who presents students with a series of seemlngly
- ,everlastlng tasks such as Problem —?New Problem -—)New
Problem etc. is likely.doomed to failure. It may not be
'entlrely c01nc1dental that the treatment groups (D and E)
with the highest attltude scores devoted SOme tlme to new
problems but dld not overemphasiseﬁthis processl
It is a truism that.some_teacherS'are betterbthan
: | :

othets. 1In ' is particular study, no implication is made
: | . , - . b

i

o
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“that any teacher was in any way superior bBut the methods .

-used by some seemed to-be more successful with regard to

‘\ 1

procees teeching than the methods gfed by others.' One .diff-

~iculty inherent in thispstudy was the.superiot'quality.of :

the.petticipating.teachers which tehded to le;sen the chance

of dlscernlng outstanding dlfferences among achlevement

groups. Some tentettve conclu51ons, not necessarily iﬁ the

. ordet Ofutheir importance, arevnow‘ptoffered} |
l;vTeachersvof science should be'familiar with the

'nature of science.‘ Thls famlllarlty could be brought

about by the teacher s thorough knowledge'ln some depth of

a partlcular sc1eht1f1c dlsc1p11ne as well“as knowledge

: obtalned from se&ected'readlngsqebout science. ' |
2.  Junior hlgh school students'should begln to plan

and carry Oﬁt:thElr own 1nvestigations'with the amoqnt of

dependeﬁce upon the teafher decreasihg in:relatioh to the

_studentfs growth_in’competenCe to wofk independently. Too

~

much etructuring, without a“progressive dec;ease ih’the
structuting,,ot unguided,inquirf.before’the stuaent feefb‘
competent to cope with the 51tuatlon are the two extnefes
whlch should be av01ded. o o |
‘3, There,seeme'to be nogecidence thet the most efﬁic-'

ient ways of tfansmitting certain types of knoWledge should'
: , _ C \ R
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not be used to supplement the main instructional strategy
/

of hav1ng the students carry out‘"lnvestlgatlons (Teacher
'D seemed to have used lecture and demonstratlon methods to
good advantageuin increasing his students' competence in
ithevprocess dimension.)
4 Although learnlng theory by 1tself is far from a

i

suff1c1ent gulde for plannlng a sc1ence currlculum class-
/l]

room teacheérs should be aware,of some of the generaliy
accepted principles.of learning theory. For example,
‘instructionalainput;should match the cognitiye conplexity
'and‘developmental level of the<student, intrinsic motiVa—
tion is important‘but it may be offset bydsocial—ego
‘pPressures, and SO on. |

*S. There.isAno;evidence,thatwan increase in the variety
kotﬂdnstructlonaldmodes is related to the productlon of
student competence in process knowledge and sklll | The
quallty and approprlateness of a glvenvlnstruct1onal mode.
would seem to be more 1mportant "j |

n*x

6. The Inventory should be used prlnarlly as a gulde
for the teachers. Its exp11C1t use by the students should
probably be 1n01dental rathe than formal ‘The knowledge

of the processes may be best developed as a res ult of. actlve

part1c1pat10n by the student in investigations involvlng'
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the particular processes. A knowledge of the gross Pro-

I

cesses as a sort of 1nqu1ry cycle may be essential. .

7. Erocess evaluation should be carried. out using

tésts Wh1Ch contain problem foci closely akln to actual // T,
1nvestlgatlons. It is recommended that these tests be' -
supplemented by teacher judgments directly related to thé‘ ;

-

'1nstructlona1 procedure. "In the 1nterests of object;vaty,

Judgments should be made in accordance W1th a pre—planned

' /
observatlonal schedule contalnlng a list of the process '

skills and abilities being evaluated'and gradings should be
recorded in no more than three'categories: competent,. not

A4

competent and doubtful.. Thfs'close alliance>of'teaching

andlteit%Pg/snould clarlfy the objectives for ‘both the

t%dmraMLmesnﬁmt _ S »
Ry
8. The teacher factor rather than the name of the
official currlculum determines what curriculum-is in opera—-
tion in each cldssroom. The intent of a curriculum and the
practice of a teacher are often dissimilar.

>

II. FOR FURTHER RESEARCH -
An-this study an evaluation of achievement in the
process dimension was attempted in conjunction with observa;
"tional‘procedures‘in-order to gain further information about

|
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: /
the technigues and methodologies which would maximize

the attainment of precess'appraach objectives.

A replieatien of the present étudy'could‘be carried
out by a team of résaafchere intimately associaped"wéih the
'admieietraﬁive and insfruetional staff of a lafgeescﬁebl
division. A team!epproach_could no£ only determine the tima

/

devoted to each instructiona ~»de and to each process but

also the timing and:Sequencxxg of the instructional modes

' as related to the substantive content ‘and the associated
processes of scientific inquiry. In this manner a more

comprehensive picture of the characteristics- of instruct-
‘ional input could be obtained. Futher, the close associat-

ion of the researCh*with,the instrucﬁionel procedures
ceeid make tihe available fer thelinclusian of mere instrﬁmé
ents'(including pretestingj in‘ofderito_ascertain gaigsAin '
all areas of achievement. S | . ;'N N /2/
;As well ee'tﬁesébpassible refinements tﬁ the present
Study,'the.following associated COnsiderations Qarraht 
‘further study: s ' e : | i | B
(a) The two methodologies:which a?peared to be‘gée” »
mos t suceessfui were neithe;'higgly‘etruee ~ed or relatiye—'
ly unstructured. Further etudy ie needed in an attempt to

determine the optiﬁum structut}ng in relation to develop-
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mental stages.

(b) The Close’co:reSpondence between attituderand
“echtevement-rankings etggest that growth‘iﬁ ?ttaining the
*”affecti?e.attieutes of scientistS'shodid %bt‘rgmaih a broad

unmeasured abjectiye.'Naydénd‘Crocker (81)Qhave’prepared a
compfehensive:list 5f these attributes and Fiypn and Munroe
(36) have dempnstfatedIthat.eome‘of the att:ibutes'%ssogiat{
ed with the'intellectuallperformaéce;qf scientists can!te
measured’behaQiorally; There is neéd‘fot‘mare insttuﬁents
for the assessment.of growth iﬁ this area apa the'stbsequent
Aapplicatioh of the findiﬁgs.oflthese instruments to the:
developqent'of‘instructiqnal Strategies.. “
(c) Eaehhef the disciplines in éciepce>requires certain
speeific skills and iﬁformation af.these who would acgieve
. , o . . o xt\JQ///l' _ g
‘any degreeAgixjfhpetence in the eiscipline. The'know%edge of -
'some minimum.ﬁpmbet/of chemieei;sygbols_andﬁthe abiLity‘to
 deal with physxcar’tnlts of meesurements are examples. “
Comparatlve studles could contrast the achleveéent of groups.
- who ueed S-R models as.an efflc1ent way of galnlng necess-
ary knowledge with the: achlevement of groups who galned the

’9 A\

informatlon 1nc1dentally Studles of thls klnd could

determlne the place of S-R models in an; overall instruction—

‘al model for the spec1f1c d*sc1p11nes.
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. inventorres, cognitive preference tests, and‘the'usual .

.to classroom act1V1t1es and was partlcularly skllful in

"“llhkage“; What technlques llnk theoretlcal concepts to

of andther?

246.

Lt

Y

s . |\ . . ' o . - . : ‘
(d) Too little is known about the matching 5f students

‘with instructional procedures. A study usxng a multlvarlate

approach with aptitude tests; attltude scales, interest

L3KS

'battery of achlevement tests assoc1ated with a f1rm

a

observational schedule mnght pOSSlbly isolate +he relevant

variables. - ' A . Yo e

EAN

(e) It was noted-in _this study that'the mos t success-‘

e

",

ful of the teachers(D) appeared to link theoretlcal concepts'
s

a

drawing out questlons from hlS students- Studies are needed

' \ . ‘ -« v -
.

'to explore the phenomenon which may be referred to as . L

classroom act1v1t1es and to the cognitive functioning‘of

{’3‘1&,-» .

o

the students? Do. these technlques form a pattern which
may be learned and tnen adapted to the teachlng strategy

© .
- k]

’

w WA ‘L‘;
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: AN INVEN ORY OF. PROCESSEb "IN. SCILNTIFIC INQUIRY v L7
..n. - ) . . '
"~ (Revised Ed7tlon* 1970, as»submbtted tochienge EdlGcation) S
7 ‘ ' oo o . . Y " .
b “ THE SPECIF1{ -PROCESSES
P R R R
ﬂ&ftI: Initiation o ) "a o L o)
' ‘ . . e ’N.\“ e 7 ) l 8 ?;‘- \;1
R Identlfylng and @prmulatlng 2 problem‘( ; , O
™ . ’ *",J a Y ' . . : ‘o

(a) speculatlng about a phenomenon

oy . "
m (b) 1dentlfyrng vailableﬁ e . o,
‘ ‘ uoww\- "
(c) notlng and’ maklng assumptlons ’
(d) dellmltlng the&problem LI , / 5
ﬁ‘ o v J. RN 4 o
o 12. Seeklng relevant background 1nformatlon ‘ ‘
A ‘ - ‘&M
(a) recalllng relevant knowledge and experlences
. C e \~” B 2 . !
(bL d01ng llterature research o & Co N r
X T S . v k ,— N .’
@ . (e}, consulting peopie ) I ST ﬂ;'w )
f?) 3. 'Predlctlng - ': e ¥ o a B
R . . ’ N . e . e .
[N ! . . R ) ) ” v L . .
4. Hypotheslzlng { 4 R . . R
,?' —A r hedd a < /
5. De51gn for collectlon of data through fleld work
r . - Lo ) h
and/or experlmentatlon T .
. T ~ -
LIS (a) defining‘the independent ang cdntrol variables
S . AR : s - L o
F ‘ : L e e
N in operational terms. '/ -
W . o . ’  « 'A' o g | la: .ﬁ . i / - 3
g JT - T - :~_ L i . ) : o« [ ! .
— ~ *The Fifth Draft of the InventogXJ August 1968 Co- 5
: apptars in a Doctoral Dissertation by E. Mokoscﬁ (76).-
e - - ‘Jﬁ. . .
. n " ‘ -;:'1' . »



(a) obtalnlng qualltatlve data (u31ng senses etc.)

(b) obtalnlng seml quantltatlve and quantltatlve

B s )
data (measuring, reading‘scales, callbrdtlng1

‘ N - o0
| T ¥ . . 264.
* (b) defining theﬁprocedure angd sequ%nc1ng the stcpc
] (c) 1dent1fy1ng needed equlpment,.materlals and
'%’ technigues ) : ;o
“ * ! ' . ' . - ‘
‘ (d) indicating safety precautions - - .- _ y
a i . ‘. . ' : y . . o L] A;/,
' (e) devising the method for recording data "
. . . Co e :
IX. ) Collection of Data - Al
. " 6. Procigure»“> \ e @‘ . ’
‘ , - :
&; #ﬁ%a) céﬁiectlng, constructlng, andvsettlng up. the T
. 4@
. PR : ‘ ‘ ¢ . .
- ‘v‘q 'apparatus of equapment - v : ¥
& v ‘ o | . X ; ‘. N ' N . ) R ' .
T '~éi(b)cdoing\field wofkfapﬂép ‘- ing the.exper-
' ) IR LIRS S e e A S
AR iment . . vt R
“v ‘ ) ] ; R ..- N N '.» >, . . - T R <& - b v' .
] J@” “(c) ﬁéggtlfylng the llmltatlons of ‘the de51gqf%as a
“ : e SRS - . ““:
“ result of fallures bllnd»alleys, etc ) ang'*
- ,.:1 kvl . . . ) . &y '.»?.‘ ’
“ j% . modlfying the*procedure (of%en.by E:fal—and~
: ' ".el‘EI‘OIf) ] Q_, SR ) /. 5 A . el
2 (dLﬁ;epeating‘the experiment (for reprodHCibility,
' . ' < - ’ 1
- to overcOme llmltatlons of 1n1t1al deSLgnJ etc )
) . : o : ) . . L
‘ l (e) recordlng data (descrlblﬁg, tabulatlng, " SO
R o
%dlagrammlng, photographing,vetc.) T
N . o o " - < . ' ' ' N
P . 7. Observihg and observagiods- PR B
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W) Bt \]
_ 265,
g _
o counting objects, or events, estimating,
SRR R N | ‘ |

CTIII.
g

approximating,'cgc.)

(c) gathering specimené

() obtalnlng graph1cal data (charts photogragﬁs,

- N
: . e

films, etc ) S . i ‘5‘ '}ﬁy‘

, L

(e) nqﬁihg unexpectcd or accidental occurrences

- .

o

(serendipkty)

)

(£). notJng tﬁg&prec151on and accuracy of data
» 'ﬁf\?” S

. ' .
R;oce551ng of Data ’ R g
‘8. Organlzlng the data~ =" .
K d [ - ) ‘ o
(a) orcerlng"to 1dentlfy regularltles r[ “
(b) classifying. ' ' !
o o . i s , .
(c) comparing -~ e .
K R S S ST
9. Representing the data graphically G ’

-
A

(a) drawing graphs, charts, maps, diagrams, etc.

el

(b) iﬁterpolating,'extrapolating, etc.,
‘d' . - 'u,f_‘
lQ_ Treatlng the data mathematlcally . ' Yy
(a) computlng latlng) _ . .
o . ,»u{ f e — fv 41 KRR \f&%miiﬁﬁﬁ
o (b) US1ng étatiwa ‘ e

?

fIV.

.(\ . =

(c) determlnlng the uncertaiqtyfin the results

CopceptualiZatioﬁ'Of’Data
Interpreting the data Ai S
e T WJ"‘”"”“f;“*vndeﬁfff??%ﬁ:?%ﬁfﬁ




v

~

- - 2664
(@) sugges sting an prlanation for a set of data

Q DS

(b) deriv1ng an 1nference or gcncra117ation from a

e

g e 3 B /
set of data - .
‘ A e
, (c) asseSSing validity of Initial assumptlons
predictions and hypot@@ses : . -ty
’ iy
12, Formulaﬁing operational definitions n
. . ). ’ 1 N ?
(a) verbkal
(b) mathematical. : - _v  - L L ,mimv=
@ T LR SR
13. ExpreSSing data 1n the form of a; mathematical ‘
,prelationship L B, ,;a: E g _ jl.‘@' }f'
o R g T — ¥
Incor por st ,:gnew discovery 1nﬁo the ex1$ting.’ e
-,'V%;hee eveloping a "mentaL model") ~
AR il v ‘ g T
, v;"bpen—ehdedneseg;_
L AEE ST L - /
15. Seeking further \evidence-to . :
‘(é)ringrease'the level of cenf;dence in thé explana- -
. tion,of generalization// .
T A
(brvtest ‘the range or ap licability of the explana—
" tion or ‘generalizafion ® -" N b
: - . 3 - ‘:'».,- ', . . 1 .. ) o
16. Identifying -newo/ ems . for investigation because
. ) - . I c ) C ' . '—'7’;' . X
of c ‘ ) . . _'/// . .'_ , ‘\. ’ o D’ B - ' _
| o .:9»%' 0
(a) the need Sg/studv the effect of a new variablé» :
(b) anomaloys Or unexpected ooservations o
- ) - i B 'a
(o) 1nc9m leteness»("gaps") and/inconéistence’in'. 5
! p O v SR T
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INSTRUCTIONS FOR THE RANKING OF STUDENTS

ON.THE BASIS OF ATTITUDE

EORT EACH GROUP OF CARDS SO THAT THE NAME™OF THE

N

PERSON WITH THE BEST ATTITUDE TOWARD SCHOOL (NOT NECESSAR-

»

ILY SCTENCE ONLY) Iﬁ,PLACED AT THE TOP OF THE %ILE THE

‘NAME OF THE SECOND BEST IN THE NEXT POSITION AND SO ON.

SOME JUDGMENTS MAY 'BE DIFFICULQ SO IN CASES OF DOUBT YOU.
.,Y'

:ARE ASKED TO ARBITRARILY MAKE A ﬁELECTION “THESE SELEC—

TIONS SHOULD;EQ{MADE FOR EACH SMALL %R@uv OF SiX AS GIVEN
. @ by " é. (V

DO NOT ATTEMPT TO GO BACK,AFTER YOU HAVE MADE QOUR INITIAL

T

B BT
L

SELECTION

ETTITUDE IN»THE~ SENSE USED HERE 1s SIMPLY YOUR!,THE

e

.TEACHER 'S) CONCEPTION OF A GOOD POSITIVE. ATTITUDE TOWARD

Q-

, N [5. w R
IT IS EXTREMELY IMPORTANT THAT THE GRQUPS REMAIN AS

GIVEN;' SUGGESTION: REMOVE QA?ER CLIP %ngUBBER BAND FROM

A4

ONE, GROUP, ARRANGE THESE IN ORDER AND CLIP THEM TOGETHER
BEFORE LOOKING”AT THE'NEXT GROUP. THIS MAY BE DONE QUITE \b‘
RAPIDLY AND THEN QUICKLY CHECKED TO MAKE SURE THAT THE

A °
CARDs 'ARE' PLACED N THE ORDER OF YOUR CHOICE,'

e - .

-
N N .. >
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* SCHOOL/Name

LESSON (Concepts/Con

\INQUIRX MODES

‘Léboratdry»

" to Inquiry

‘Case Study

1.

REPORT/:

o S s - . .
© (Genergl description of situation)
_V% v .
A

Field Trip
Invitations

Lecture

Simulation
Demonstratlon
A.N. -
Discussion
Project

Other - (state)

lxl‘ I" HIL T

;-
-

SCIENCE PROCESSES

"(Behavior

Objcrtives)

Prepargtion = ¢
‘Ident. & Form. ‘
of problem
Background Inf.

. Predictdons :
Hypothesis ™

' Pesign’

N

'Experimentation
6.

Procedure
Observation

-

7.

i

Processing of Data
8. Organizing .

'data'

.J ;f,‘ Y.

.

. »

off)

Y

¢ B

-

class Time.

®

¢

rimer(Fraction)Processing of Data (cont'd)

9. Graphing ,
10. Mathematical
treatmend

Conceptualization of .

‘911. Operational

12

| Y

Toe

w.be specific,

T

defipitions

Inference
Mathemgtical.
reldtionship
Mantal models

13.
14.”
Open Endedness .
15. Further evidence . - .

16. New Problems
17 Appllcatlon

|1

Ty

INSTRUCTIONAL EROCEDURE'
(Teaching £0r Process) .-

(a) How was. 'process" incor-
of porated into the lesson,

i.e., made operagional°

ﬁhbw was the. class mot1vatea°

i
i

»—what did you ‘as a- teachenﬂﬂo5

oy T
o

%

—how wére assotiated and baplc“’\

skllls taught?

Qwhat materials’ and methods
»were used? N
_wh%t were the prbblems'aqd

your "solutions?
i.e., questions

(cont'd)
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. | | | L‘ﬁ) . ;
INSTRUCTIONAL PROCEDURE (continued) F».£7
(Teaching for Process) KR N
asked, presentations to pupils, ' |
etc. Indicate time (min.) :
o . . _ &5
(b) Evaluate the effectiveness_of‘
- what was done and indicate -

.what modifications you would

:hake. ” £ . ‘ 'ﬁ, . b  _

P . N
.



o
.
¢ ¥
e KB
. / .
, ,
)
.
]
. .
. ’ \
ot g . " o
” 2 '
L er iy - / .
I .
. U 3 v

[ .
t v

*  APPENDIX C
B o - 3

' Ty ~
2 B : . Tests and Instruments
- Y ) c. .
) .- ) i : v
:\ . ]
. " - .
. ’ _ . +
— . [N
. . X o 4 ! \ L
o ; . “
. e , . . .
.ot - g ' k
- k . N

3
e
)

s

:

/ . .
\l_ . . “ PRI * S -
! = w .

S-T 1 N
- — k‘ e .- ..
- o
. | - 'W T
[ : "
. c .. Ny
) e . B . SN
. - IR
il
A ) * ~
: o §272 :
. j



DIRECTIONS

1.

TEST ON UNDERSTANDING SCIENCE FORM Ew

»

.thls booklet

24
Each of the g ons otf

'M

i 273.

a

ks -
/

1ncomplete statements n
1lowed by four pgssible answers.

[

, You are-to choose the one BEST answer for each
N questlon. - .
2. All of your answers are to be ade M. tbe-aeparatqw‘
answer sheet yolu have been:given. Ddhg_£%qake any-
¢ marks 1n thlS booklet . : )
. s o : : - */% . ’
B 4 3 " Indicate’ your answers on the anawer sh i , i
' complebely .BLACKENING the box witich hagkthe same
.. capital letter as jthe &afswer you have chosen. You
. “smay use a regular pencil te make ‘your marks o f;'
o However do not use. a fountain- pen ball porﬂ en,
CL or colored pencrl. ' S A ; R
‘gﬁ# ' . , 'ﬁﬁ‘, wom _*ﬁ; o
o 4 You are to mazk one;vand only one, answer -for eac .
_’questloh " If you change your: mlnd‘about an-answer ;g ..
erasellt completely and cleanly.., Be- sure %o make_ w o
. your new mark heavy and. dark. ' ~ i
@ v , -
o . Here ise an example" o N
_ e -
a5 N - _ kb;i ‘ ‘
R SR = e L te Tl RN
“ 1 . o. Thé*ﬁafﬁ'reaSOK' \ )
' . do;ng experiments !
b‘ -~ science is to - '§ AT
. . ". o T =8 Vi :
5 A. check 1deas., 5 ¥ 8 a
B.. find thirgs out. -~ 0. /‘ = s
/. C. use. eguipment. S ' %
. D¢ learn ‘about nature 1 =
;“_; -
= e — ’ _
\ Imagin at the rlght half of the above example is . .-
\- a smql: alece of your separate answer sheet.  Look = =~
T . (continued)

A
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at row "O" on thisl"m;dget”,answer sheet{ In”the‘,\
example, answer bqx C%has, M ‘,n'blackened. This -
means -that the person thlﬁk thaththe main reason
for doing-experiments ;in ience ig to use ‘equip-’
ment. ' Your answers f&Y all the questlons in this
bookletfshould be’ marked in thi¢ mannér on your
separate answer sheet o W

ay °

: g
Be sure that\the number of ‘the now you are marklng
and the nuiber 'of the ‘question you are answerlng
are ths SAME. . If you‘have any questlons about

“ S these dLrectlons ‘raise ybur hand. quur teacher_

W
*

. w1ll try to. help youe e g R IR
Ty f7o~TrY hard to answer a 'of‘the‘%desfibn in this,
T, Bookler.lotC o M. v F e oo
cad Lol T
e 8_-, _Once_‘ ggaln, DO NOT WRITE ANYFHING.IN THIS QUESTION .
T iPmeokiET. T - S A
N e ] oo - AR ) : o :
. . - / o \ ’
. .
t\’." A - R ) 5 ) Ve N 'ul "l .' ,
A . SRR ‘ o
R Ny )
JA ) . - l :
Please do not turn thlS E g qntll you are ked EQ, dQ so.
j . . ] ! o v, l
- | . A . f‘ S
i < > .
; @ ‘ R
o ., . N )



Let's compare

276, .

scientists and magicians. Which onc of
the following sentences is best?

A. .Scientists and magicians boéth try to cxplain things.

B. Scientists and magicians both Ly to make things
mysterious. ' .

C. Magicians try to explain things, but scientists
-make them mysterious!.:

D. Scientists try to explain things, but magicians
make them mysterious. ’

i
N

i

i

Scientific discoverjes have come from

A. almost all countries of the world.w

B. only countries with big industries.

C. only countries with large populations.

D. almost all countries in Africa and Asia. .

George said: “A scientist's work never ends." By
this, George means that ‘

. the work day ‘n a laboratory is very long.

people ask s:lgntists many difficult questions. -
scientists nc¢ed more help in their iesearch. '
new questions come up whenever a problem is solved.

0o wy

\
"
-~

When a scientist finishes a research_prqjecﬁ, he will
usually . s :

A. keep his results secret to help his country. X

B. let other scientists know about his findings and
ideas. _ .

C. use ﬁ}s\results in an invention for industry.

D.. ask. the government for permission to write a report.

Scientists today agree an many ideas about how the
natural world wotrks. Most-likely, these ideas will
. Y \"\\ N N -

£

A. be changed when scientists have more information.
B. not be changed for a very lcng time to come. T

| : e : (continued)- .-
. . . ‘ ‘ ' ‘:,:; )

.
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{(continued)

D. spend some time with his family.

' " o ? 276.

C. be changed to keep up witH fast-moving world 1
‘events. . '
D. not be changed because they are scientific ideas.

Today, the cducation of American scicentists who teach
and do research at colleges and universities generally

A. is compléted after four vears of college attendance.

B. incdludes a period of practical training in some
industry. \ '

C. 1s completed after two yearg of college or tech-

nical school.
D. includes long study in ublversities after. flnlthng

collége. : .

Phil said: "Machines are taking over so much of our
work that they will someday replace scientists.
Phil's statement is wrong becxuse ‘

- A. machines cannot build other machlnes.

B. men cannoc let machings take .ovéer the world.
C. men cannot let. machines run by themselves.
D. machi :s cannot think up new ideas.

t

: ) .
When a scientist hds a day off, he would pLobably not
like to o0 :
A, go to_his laboratory.
B. spend some time on his hobby.-
C. go to-a friend's-party.

‘The scientists of today can work on mcre complex

problems than the scientists of the past mainly
because they »

A. work much harder than earlier sgientists.
B. have more ideas than earlier scientists.
C. build on the work of earlier sgientists.
D. are moré clever than earlier sciontists.
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11..

12.

13.

277.

Jc{Eﬁtfiig\iftas,are developec

Moo important
as a 1asult of
: - ' . N \_, .
. s PR
.« 1ong study By a scientist working aldne.
B. wok and thinkikg carried on by many saicntisto.

study.

In observ1ng and cxperlmentlng, a bClCnLlS ay
almoot always needs

computers and other larqe machines)
many trained pcople to help him.
microscopes, telescopes, and test tubes.

different kinds of special equipment. ~F s

U 0Owy

Scientists are often said to be very hardworklng and
quite devoted to their jobs. This is true of

A. successful people in almost all kinds of work.
B. scientists, ‘but hot people in other. kinds of work

- C. most peoole in 1mportant work, buti not scientists

D. more scientists than people in other kinds of work.

Ve

When many new facts are discovered which do not fit a
scientific theory, scientists will usually ask them-
selves:

A. Shall we throw out the theory since the facts &o
not fit it>?

a

. B.-Can we change the facts a little so that they will

fit the theory°

. C. shall we keep the theory as it is, since these new

-~ facts don't help i4?

L. ¢an we change the theory a‘little.so‘that-these'new

facts will fit in?
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13. Scientists arec most likely to make important discov-
eries by S
A. making many obBservations.
B. trying -out ideas. \
Cc. reading about experiments.
pD. asking many questions.

AN .
15. pefore a scierttist announces a new theory to the
public, he will most likely talk his ideas over with

a. other scicntists in 1 s special field.
B. newspaper reporters who write about scierfce.
c. a group of experts on scientific theories.
: : 3 . : . .
D. government feaders ijnterested in his theory. /

16. Which of the following sentences about science is )
‘best? ‘ ' o

A. Modern science is tooO advanced to use past discov-
eries. L - ‘ '
B. Modern science develops modern products.
C. Modern science depends On useful inventions.
D. Modern science is based on the science of the past.
“ .

.

17. The main reason that American scientists are asking
-1 for much money for research .is that

A. as much money should be spent on scientific work as’
on other things. ' S :

B. many scientific projects‘take a long time and need
much eqﬁipment. . -

Cc. the cost of scientific materials and equipment has‘

gone up since 1945. , B
D. new scientific- laboratories nust be large and are
‘expensive to build. . ‘

-

\

18. Wwhen a scientist reads a réport aof a.new scientific

discovery, he will probably
: ) o

(continued)z‘
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18. (continued)

A. not fully believe the report until he has checked
~  the work himscilf. T '
B. believe the report without asking too mgAy ques-

' tions about it. . o . ‘

C. not.fully believe the report until hefas obtained”
more information. S -

D.. believe the report because it describes the work of
.scientists. - ' '

-

19. Scientists make ‘many measurements in -theijir work . .Of.

the following, a scientist would be most likely to
measure \ b P

A. how many germs a certain topthpaste kills. .
B. the biggeSp load 'that a bridge can carry safely. ™ \
C. how far¥a bird flies south for the winter. .
‘D, the distance a car runs on one gallon of gasoline,.
20. Mary likes science. At ‘first, she didq not like to
' write down all-the details of her experiments. If
Mary becomes a scientist, ﬁowever, this training-will

help her to, \ .

- be. patient in doing her experiments. |
. make Better repcorts about her experiments.

. develop theories from her experiments. -

. think up new experiments to perform.

Yaw>

- . o A a _ . »

21. Different groubs df people\hglp mankind in different e
ways. What is the special way 1in which scientists
help mankikd? ° o . '

. Scientists make better things for better living. _

.'-Scientists show .us how to be more healthy. \;‘ :

.~ Scientistg give us,knOWledge*about nature. J* -

- Scientists offer skilled service and advide.

oA

Uawy

”
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22, . yvhen a scientist complOLes a new sc1cnt1f1c theory,
ywe know that he has
v
Al created ohe of the laws of nature.
B. helpeqd bring -mankind closer to the truth.
C. discovered new ways of experimenting.
D. developed new ideas and understandings.

23.~,Thc newest mlcroscopes make it possible for SClCntlStSV
' to study very~small objects and also to '

7

A, explore many new problems.

B. look for.the meaning of 1life. .
C. observe atoms in motion,

D. see that germs cause disease. .

24. A scientific 1aw.agscrjbes

®

rules which scientists must obey.

rules which connect events in natuyre.

rules for doing good experiments. X
good guesses about how things happen.

Cowo>

3

- 25. Which one of the follOW1ng sentences best describes
) sc1ence° '

A. Science is’ experlmentlng.

B. Scienvce- is plannlng and thlnklng.
C. Science is thinking and doing.

D. Science is observing and measuring.

,A26. A sScientist is open-minded‘about his work if he

discusses most of h1s 1deas with others.
considers, ideas Wthh go against his own.
thinks up many’ new ideas for-experiments.
~agrees with the ideas of other scientists.

oS wr
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29.

30.

31.

[y

Ds Rocketq,'sateilltes and space travel.

281.

.

Scientists study plants mainly to .

. A
a. help farmers to produie more food.
B. discover how to maka hew medicineé.
C. understand how they live and grow.
D, find out-where they will grow best.

Which of the following is the mdin need of scicnce?
A. People with new ideas. '

B. More money and, equipment.
C. well-trained workers.

.D.. Better working conditions.

[ A

I

‘When we say that a scientist has formed a hypothesis
~about an experiment, we mean that he has

A, 1nd1cated whlch measurements were made.

B. de51gned equlpment needed for the experlmEnt
C. described how thg experiment turned out.
D. made a careful guess about what will "happen.

. , ‘ N
Which of the follow;ng is the best list of what
scientists study? , :

A Atoms,'molecuresf;and gtars. s

B. Matter, energy, and living things.'
C. Living thlngs diseasg,. and growth. e

Bill aiways gets ééod grades in school, likes to-build
model airplanes, and plays jokes on his classmates.
Frank gets high grad&s in arithmetic, likes to read

books, and plays baseball. Janet is serious and smart, -

and llkes to dance - Who'do you think could become a
sc1entlst° ﬁ N , .

. Bill

. Frank - _
. Janet e = i A N
- Any one gf the three I ‘

J0Oowy
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»33.

34.

- 35.

Cowd

282..

\

}

Should a person who makes plans to build new types

of airplanes be called a scientist?

A. stf.because Lc uses scaentific methods in his.

. plans. . ' :

B. No, because:he is’planning to build a useful
machine. '

C. Yes, beccause he does experiments to check his plans.

D. No, because he is planning to try out some new
‘ideas. _ .

'
A Y

4]
b

X\scientific theorx should

provide the final answer to scientific questions.
supply directions for making useful things.
tie together and explain many natural events.
suggest ‘goed rules for carrying out experiments.

0wy

When a scientist makes a new discovery, hc'usually
makes a report of it. He does this because he

A. hopes other SCientists“will help him to finish his

work. .
B. wants other scientists to learn aktout his work and:
check it. T .

C. hopes to help his fellow man by announcing his

r
discovery. o

-D. wants to know if others hav® done the same work

and have reported it.

~

Experiments are used in science to

. solve the problems of man. .

. find out the trw¢h aktout nature.

. try out the ideas of SCientistg.

. prove that the universe is orderly.
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3

36.. "Most scientists arc smart. They learn more easily
than most people and” can do harder things with thelr
minds." Is this statement correct? \

A. Yes, but scientists areogcnerally no Sma:ter than

doctors or lawyers. -
B. Yes, but only bccauqe\ﬁc1entlato are born with

‘ gci¢ntific skills.
C. Yes, but only because scientists have received -

special training.
D. No. Scicntists are about as smart as most people

but no smarter.

2

This is the end of the questions in this booklet. If you’.i
finish before time is called, please go back and check you \

answers. '
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_The water inside the flask gkils once: again,

. . ' . 284,

v

THE INQUIRY EFFICIENCY TEST

»

(An adaptetion of the TAP Science Test)

A brief description of the films used in the test

va )

is givenfbelow. This description is placed here for the
convenienceg of the reader and does not form part of the

test papers received by the students,
N . ‘)"‘

Eoiling,Water by Cooling

A pyrex flask approximately half full of ?ater is

I -

-

Leated until the water boils. The flask is remosved from

the .heat socurce and stoppered as soon as the water ceases

.

boiling. An ice pack is placed on the outside >f the flask-.

>

The Bimetallic Strip

A bimetallic strip is heated and it bends. It is

then imﬁersed in cold water and it straighténs out.
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NUMBER 1 FOR THIS SECTION :
- ! ~

‘PROBLEM I

.

WHY DOES THE WATER BOIL THE SECOND TIME?

Mark your selection on number 1. _
N

A. Suction made the water boil the second time.

B. When a hot substance was placed over the bottle with
the cork in it, it heated the water in the bottle ang”
made it boil the second tims; )

. y , Lo ‘ : ‘ .

C. When the substance was poured over the bottle, all of |
the steam that was in the bottle went out of the top
of the bottle. Theén, because the substance that was
placed over the bottle was hot, the water:.inside ‘the
bott¥e boiled the second time. S

D. When the cold substance was placed over the(%ottle -
’ with the cork in it, it mixed with the hot water. and -
steam in the bottle made it boil the second time. .
’ . . [ 4
When the cold substance was placed oVer the bottle
with the cork in it, the steam in the bottle cooled
and turned back to liquid water. . Then’, because there
was less pushing on the water and the water was still
hot, the water boiled the second time. '\

't

After you have made your selection, turn the page and
gather clues about the problem. : '
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NUMBERS 2 TO 11 FOR THIS SECTION

- o

. Here are some clues you might want to gather to help you
solve the groblcm. If you want ‘to know the answers to’ any
of the clue questions, erase the black mark covering the
YES or NO amswér opposite the question. Record yourrfirst
choice as number 2, your second as number 3, and so on.
Numbers .2 - 11 on your. answer sheet are to be used for this
section. ERASE ANSWERS ONLY FOR THOSE ANSWERS WHICH YOU

THINK WILL HELP -YOU. RECORD EACH CHOICE IN THE ORDER IN
WHICH THEY. WERE SELECTED.

fAl; .qu the bottle and everything in it.cooler after !
the substance was placed ovet the bottle? ., YEs
Bl. When the water was boiled the' first time, did
the steam that came from the water push most of
the.air out of the bottle?, . . . YES
Cl. Was the air in the bottle above the water push-
' ing on the water more when the water boiled the:,
first time than it was when it boiled~the second.

time? o . . ' YES

Dl. Was' the water in the bottle-st{}l hot when it~

boiled the second time? YES
El. when‘the cork was'put in the bottle, was the", L
! bottle filled mostly with steam? . © .+ YES
. | . J | -
A2, If ho,cork‘had.beeh put in the bottle, would
the water have boiled the second time? _ . NO
'vBZ, Was the substance that was placed on the bpttle
' after the cork was put in the top, made up of _
. ice wrapped in cloth? . o YES
. f ’
C2. ,Did  the substance thyt was placed over the ﬁ
bottle cause most of the steam in the bottle to
" cool and turn back to liguid water? ' L YES

-

(cont‘d)



D2,

E2.-

1 !

X [ /

’ i

¢

Will water boil,at a lower temperature if the

air above it doés not push dow? on it & . hard?
. , . ‘ .

If the air in the Bottle did not *push down on

the water as hard, would the water boil at the

‘same- temperature?

9

'+ 288,

YES

' NO
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NUMBERS 12 TO 15 FOR T{iIS SECTION
A

h)

N ,
Read the selection over carefully. If you are fairly
sure you know the right answer, erase the black mark
covering the dnswer. [ If you gtt a "NO" responsc then
you may go back ahd gathcx more information by erasing
more tabs from the oppuolte page.- Keep going until you
get:'a "YES" response on this page. Numbers 12 - 15

are to be used: for thlo section. ‘

[y

Al. when the substance was placed over the bottle,
all of the steam that was in the bottle went out .
"of the top -of the bottle. Then becausec the Egb—
° stance that was placed on thé bottle was hot,
the water inside the bottle boiled:the second"
time. , ' "NO

Bl. When the cold substance wasqplaced on the bottléd
with the cork in it, the steam in the bottle
cooled and turned back to liquid water. Then N
because there was less pushing on the water and
the water was still hot the water briled the
second time. S : YES

Cl. when the hot substance wqg placed on the bottle
with the cofk in it, it heated the water in the
bottle and made it boil the second time. NO

Dl. Suction made the water boii‘the second time. ° NO
El.° When the cold substance was placed on the

bottle with the cork in it, it mixed with the-

hot water and steam in the bottle and made ‘it

boil the second time. - . NO

' STOP"

Do Not Turn
: the ‘Page Until
S ’ ' ; -~ You are Told To

\ ' ‘ ' Do So.. = -
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NUMBER 16 FOR,THIS SECTION .

AV

PROBLEM II . “ )

WHY DOES THE BLADE‘BEND AND THEN STRAIGHTEN OUT?
Select one answer only for this page. Indicate four choice
on number 16 on answer sheet. :

A.  The knife looks like this:

It is an ordinary table knife like a butter knife. It
melts- when it is put in the fire and bends. When the
knife is put in the liquid, it cools and goes back to
its normal shape. ' :

B. The knife looks like this:
- . ' X ,’

When the knife is heated, the top metal melts and

causes the knife to bend. When the knife is put in

the liquid, it—COdii\::d goes back to its normal shape.:
C. The knife looks like This: « | o

—
‘It is an ordinary-Rnife like a butter knife. wWhen. it
is put in the fire, the knife expands and bends. . When
the knife is put in the 11qu1d it cools and goes back
to its normal shape. | ‘

D. The knife locks like this:
i . ' .
- - :
When the knife .s heated in the flame, it bends toward

the ground becuzuse the bottom metal gets smaller and

" the top metal gets larger. When the knifé is put in
the liquid, it cnnls and goes back to its normal shape.

E. The knife looks like this: | S

When the knife ig heated, the metals expand the same
amount and the knife bends. When the knife is put in
the ﬁ;qu1d, it ccols and gyoes back to its normal shape.

A]

S

(continued)
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A2. The knife looks like this:

when the knife is heated, the top metal expands faster
\ " than thd bottom metal. The bottom metal then pulls
the top metal into a‘tcurve and the knife bends. When
the knife is put in the liquid, it cools and goes back
to its normal shape.

rs

After you have marked the proper space. for yovru selection
on number 16 on the answer sheet, turn the page and gather
clues about the problem.
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NUMBERS 17 TO 30 RESERVED FOR THIS SECTION N e

N
\

Here are some cluecs you might want to gather to ‘help deter-
mine the correct solution If you want to know the answer
to any one of the clue questions, erase the black material

as before and record your choice on the answer sheet.

First choice number-17, second che® number 18 and so on. -
Select only those which you need. ;. you are sure you
know the answer proceed to the ne: Je.

Al. Was the knife made of\braés and steel? - YES .

. A\
Bl. Look at this knife:

Suppose the knife was heated and the top metal
.expanded faster than the bottom metal, would

the bottom metal pull the top metal so that the
knife bends? . : YES

Cl. Was the knife longer when it was curved than
when it was stralght9 : N YES

‘\\

Dl. After the knife was bent, if it would have been
- allowed to cool without pitting it into the ’\\\\
liquid, would it have straightened out? - YES

El. Was one side of the knife made of one kind of
metal and the other of another kind of metal? . YES

)
o

)

A2. .Was the knife made of more than one kind of
' ‘metal? < . L . YES

B%;' Was the liquid in the tank such that it cooled
the knife? | A YES

C2. 1If the knife were made of tin and gold, would
" the knife bend when 1t\yes heated? YES

'D2. Do all metals expand the same amount if they
are heated with the same amount of heat? NO

{continued)



E2.

‘A3,

B3.

'C3.

D3.

+
P

Was the liquid in the tank water?
]

Does one part of the knife expand faster than

‘the other part‘%f the knife? .

BN

Does the knife expaqd when it is put in the &
flame? : N
Suppose the knife was made of “two different
metals: would the knife bend if the two metals
were attached to each other? ¢

Suppose the knife ben@ 11ke this:

"does this meart that the metal on

the top expands faster thap,the .
bottom metal if the knlfe is heated?

|

293.
YES

YES

" YES

NO

YES



NUMEERS 31 TO 35 RESERVED FOR THIS SECTIO

\

A \ .
WHY DOES THE BLADE BEND AND THEN STRAIGHTEN\OUT?

Erase the black material covering the YES or NO beside

the answer that you think aﬁ%wers the questﬁon'most‘

completely. Record your choice on the answar sheet.,

. Your first -choice will be number 31, your second _
. humber 32 and so on. If your first choice is.a "NO"

response then you may go back to the previous: page

and gather more clues. Keep going until you get a
"YES" answer on thig. page.

'Al. The knife looks like this; °

When the knife is heated in the flame, it bends
toward 'the ground because the bottom metal gets
smaller and the top metal gets"larger.& When the
knife is put in the liguid, it cools and goes

back to its normal shape. - ‘ NO

e

Bl. The knife looks like this: - S

When the metal is heated, the top metal expands
faster than the bottom metdl. fThe bottom metal

then pulls.the top metal into a curve and the-

knife bends. When the metal 'is put in the liquid

"it cools and goes back to its normal -shape. YES

- Cl. The knife looks like this:
It is an ordinary knife, like a butter knife. =
When it is put in the fire, the knife expands

and bends. When the knife is put in the liquid,

it cools and goes back to its normal shape. - NO

Dl. The knifeLlOoks like‘this:

When. the knife is heated, the metals.expand

the same amount and the knife bends. when theé

knife is put in the liquid, it cools and goes’

back to its original shape. |, - . s NO

(coﬁtinued)
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El., The knife looks like this

When the knife is heated, the top metal melts.
and causes the knife to bend.
is put in the liquid,
its normal shape.

When the knife -
it cools and goes back to
" NO

i

After you have found the "YES" answer on this page,
STOP. “CLOSE THE TEST. BOOKLET.

-

'OTHER PARTS OF THE TEST. T -
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SCIENCE REASONING TEST (SRD)

Section I

This section of the test consists of matching the
underlined parts of a paragraph with .the items in a KEY
as illustrated in the following example:

KEY

A. A boy's name
" B. A girl's name
C. The name of a country
D. A kind of bird
E. A kind of tree

He walked down the road until he met (1) John.
They continued on their way until they reached an open
field. There they saw a (2) robin perched on the branch

of a (3) poplar tree.

For this example you would mark your answer sheet
ass shown below: '

1. A =1 B "2 C¢C=3 p—4 E—5

& SR o |
2. A—1 B—/—2 ¢ —~3 De4 E—5

l

|
|

|

=1 B—2 Cc—3 p—4 Emx 5

‘Y The following paragraphs afre about scientific
investigations that took place a long\time ago. See if you
can mark your answer sheet so as fo match the underlined

parts with the items in the KEY bklow. =
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KEY

A. A problem or question
(The problem may not be stated as a qupstion)

B. Hypothesis or a guess about the solu}(ﬁn to
the problem /

C. Observations which were made before the

. experiment took place

D. Results of experimenting

L E. An explanaflon or conclusion

Some people had noticed that when they were combing
their hair, (1) the hair was attracted to the comb and this
comb ‘would then attract little pieces of pa pg - A scientist,
Charles Dufay, gave a glass rod an electric o arge by rubb-
ing the rod with silk. He charged a gold leaf with
electricity by touchlng it to the glass rod. To his
surprise he noticed that (2) the: gold leaf was pushed away
or repelled by the glass rod. (3) "I had expected the
opp031te effect, " he salid, "but I now believe (4) there are
two kinds of electricity,” ' ' ‘

¢

"Having considered that (5) flies swarmed around
'decaylng flesh, I began to Believe that- (6) All worms
found in flesh came from the eggs of the flies and nnt
from the decaying of the meat. I placed different kinds of
flesh in glass jars s and sealed these jars so that nothlng
could enter these jars. I then filled an equal number of
jars the same. way but left these open. The flesh decayed
in all of the flasks but (7) worms were found only in the
open flasks. I repeated experiments such as these a Iarge
number of times. I am now convinced that (8) the flesh
of dead animals cannot produce worms unless the eq: gg of
some insect had somehow been placed on it.

KEY

A. A problem or question (the problem w1ll not usually be
stated as a gquestion.) i

B. Hypothesis (a guess about the answer to the problem)

C. Observations whlch were made bhefore the experiment took
place

D. Results of experimenting

E. An explanation or conclusion

-~



‘ 298.
He began his experiments thlnklng that it was '
likely that (9) heating a supstance.had no effect on its

weight. He watched men worklng in a shop and noticed that
(10) when holes were being drilled in metal, the metal

became quite hot. He obtained a piece of-metal and weighed
it carefully. He then drilled holes in thé metal and again
\Qwelghed the metal plus the metal chips. (11) No change in

weight was found. He repeated fthese experlments using
different materials until he was conv1nced that (12) heat
was a form of motion and nothing els

Section II

This section of the test consists of matching an
experiment with the items in a KEY. For each problem
below one experiment is the best one. The others are
unsatlsfactory fo™ some reason or another. Some of these
experiments may be unsatlsfactory for the same reason as
others. YOU ARE TO JUDGE THE EXPERIMENTS ACCORDING TO THE
FOLLOWING KEY: ) \

KEY
’ o

A. This is the best experiment.
‘B. This .experiment is not satisfactory because it does not

have a control or something to compare it with. v//A
'C. This experiment does not have a very good control or

comparlson._ ‘ :
D. This experiment is not testing the hypothe515 or guess.
E. This experlment is ‘unsatisfactory because of other

reasons not mentloned above,

PROBLEM What are some of the thlngs needed for the sprout-
ing of seeds°

~-

HYPOTHESIS (GUESS) Oxygen is one of the requlrements for
the sp outlng of seeds.

13. Plant one seed'ln a container of moist SOll in Wthh
oxygen is present and plant another seed 1n a container
in which oxygen is not available.

2



299,

‘v’j...'_
s

14. Plant 100 seeds in a-* conta;ner of m01st soil. Remove

all of the oxygen. R
\

15. Plant 100 seceds cach in twd separate containers of
moist soil. Place one contiainer in the sunlight and

the other in’darkness. Keep all other conditions the
same. i\ o

16. Plant 100 seeds each in two separate containers of ..
moist soil. . One container dontalns”alr from which
only the oxygen has been rembved whlle the other
conhtains ordinary air. \ ‘ R :

17. Plant lOO seeds each in two separate contalners of
moist soil. Remove all of the air from one contalner
while the other container contains ordinary air.

\ B

KEY

A. This is the best experiment.

B. This experiment is not satisfacgtory because it does not
have a control or something tb compare it with.

C. This experiment does not have a very good control or

comparison,
D. This experiment is not testing the hypothe31s or guess.
E. This experiment -is not satlsfactory because of other
reasons not-mentioned above. . o

1YPROBLEM what is needed for the productlon of starch in the
‘ leaves of green plants7 - ' .

 HYPOTHESIS Light 1is needed for the productlon of starch in-
the leaves of plants. .

18. Place one plant in sunlight and & similar plant in
darkness. Keep all-other conditions the same. After
a few days, test”the leaves for starch.

| S

i
an-
19‘\ place several plants in sunlight. Cover one of the
i plants with a light-proof ,cover so as to keep out all

of the light. " Keep all other conditions the same.
After a few days test the leaves for starch. . |
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20. Place several plants in sunlight. Cover half of the
plants with a light-proof cover so as to keep out all
of the~light. After a few days test the leaves for

starch.

~

21. Select several.differeng plants which have been in”’
’ sunlight for a few days. Test tHe leavg? for starch.

22. Select several plants and place them in sunlight.

' Place the same number of the same klnd‘of plants under
the light' from ordlnary light bulbs. eave both sets
of plants for a few days and then test the 1eave§ for

starch. - : . ¢

Section III '

In this section yon are asked to look at some facts
and decide whether these facts support a guess or hypothesis.,
about the solution to the problem. Look. at the example

below-

PROBLEM Who broke |the wi 1low?.

HYPCTHESIS George broke the window.

Facts:

1. George was not near the W1ndow shortly after it was
broken. (This would be 1nd1rect ev1dence agalnst

the hypothesis.) , } . -

-

2. George said that some day he wauld béeak the window.

(This wbuld be indirect evidence'to help prove the
hypothe51s ) ’

~

3. George threw a brick at the window. (This would be
'dlrect evidence to hellp prove :the hypothe51s )

-

'NOW TURN TO THE NEXT PAGE AND MATCH THE -IT 'MS IN THE KEY
WITH THE FACTS IN NUMBERS 23 TO 35.

o

& ’ o :
. e
/) -
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§
=~ In this sectlon a- problem is glven fol;gwed by two
hypothcses Or guesses. SEE IF YOU CAN JUQGE HOW. WELL THESE
FACTS HELP TO PROVE OR NOT PROVE THE GUESS OR HYPOTHESIS.

\

*KEY

A. This fact offers direct evidence to help prove the
‘ hypothesis.
B. This fact offers 1nd1rect ev1dence to help prove the
' hypothe51s. e
C. This fdct has’ nothing to do with the guess_or hypothesis.
D. This fact offers indirect evidence agalnst the '
hypothe51s. ’ «
E. Thls fact offers direct evidence. agalnst the hypothes
(It helps to prove that the hypothe51s is. not true.)

- PROBLEM what causes Disease A?

N

HYPOTHESIS I In man the disease is’ spread from one person,
to another.

Facts: (for Hypothesis I)

23. People, Jooklng after patients-suffering from this
disease, dld not catch the disease. . -° -

24. People, 11v1ng in areas where the dlsease is common,
often caught the dlsease ;

125, The4dlsease is not’ common in -Canada.

26. Five prisoners were kept in one rgom. One of them
was -i11 with disease:A. One of the well prisoners
caught the disease.

27, Monkeys sufferlng from this dleease do not glve it to
-other monkeys. - ' '

<
HYPOTHESIS IJI = The disease jis spread by a spec1es of mosqulto
- common to troplcal areas. oo
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Facts: (for Hypothesis II) |

| Coe
!

28. The disecase 1is rare in cool or temperate climates.

29. The disease is .common in many tropical areas.

©

30. PeOple sufferlng from the disease often have a very
' high fever, . o

F)

31, The diseasc becomes less common after swamps are
drained.

~32. The para51te of the disease was found living on these
; tropical mosqu1toes.

’

33. Two people stung by these mosqu1toes did not catch the
: disease.

34. Some men taklng part in -an CXpedlthH near swamps .
became 111 with the disease. :

<7

.35. Several mosguitoes of this species showed no evidence
ot the disease A parasite.

. -_ _ 4 o
CHECK OVER 'YOUR PAPER IF YOU HAVE TIME. HAND IN YOUR
.. ANSWER SHEET AND QUESTION PAPER.

-
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SCIENCE REASONING TEST (SRT)- KEY
1. C- 19. E

s 2. A

3. B 21. B

4. E ‘22, D

5. C 23. D

6. B 24. B

7. | 0] | 25.. ¢
8. E 26, A
‘9., B 27;; D

10. C 28. B'\

0 ,

11. “D 29, B
12. E . 30. c‘
13. E 31. . B

14, B 2. a

15. 'D 33. D

16. ‘A 34. B

17. ¢ 35. E

18. E }

303.
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. PHE PROCESSES OF SCIENCE TEST

This, test consists of two short films of actual
investigations. Each film is followed by a number of ques-
tions. Each question contains four possible reponses. YOu
are to select ghe best or most complete answer from these

\

résponses.

EXAMPLE:
1. Dogs:‘

A. are animals

B. ' are animals with four legs

Cc. Dbelong tn the Cat Family

p. are warm-blooded animals with four ‘legs

. In this example, A, B, and D afe correct answers.
However D is the most complete answer so we would mark our .
answer sheet thus: ' : ' L

—

7/

i. A. — B. — C. — D. & E., __

— cm——

5

i

-

' NOTICE THAT THERE ‘ E ONLY FOUR POSSIBLE RESPONSES FOR
EACH QUESTION. &y DO NOT PUT ANY MARKS FOR E ON YOUR

ANSWER - SHEET. . @
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THE AMOEBA - WITH AND WITHOUT A NUCLEUS AS SHOWN IN THE FILM

The diagrams drawn above show some of the main
parts of the investigation shown in the film. They are

shown here ﬁo help you remember what you'saw in the film.

©

THE AMOEBA - AS IT GROWS AND DEVELOPS UNDER NATURAL CONDITIONS
This single-ceclled animal grows larger, then divides

into two new single-cclled animals.




'The'hook used to move the nucleus around~’
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THE AMOEBRA .

What is the maln problem? Select your answer from the
llSt below. : '

A. Can an amoeba w1thout a mucleus lelde 1nto two
bparts? ' : : :

B. Does the nucleus have a speC1al use?

C. Do. all amoeba have nuclei?

D. Does the nucleus, control how the slngle celled
animal growsf

‘To get at the main problem an 1nvestlgatlon is ‘carried
"out. The first part of the~1nvestlgatlon attempts’ to
. find out: " -

f

A; Whether an amoeba contalns ‘a nucleus.
B. If a nucleus i5% needed for the amoeba to divide

~into two parts. , '
C. If a nucleus is needed for the animal to. live and

‘grow in a normal way . : _
D. If a nucleus 1s needed for the amoeba to remain

alive.

In the first part of the 1nvest1gatlon the control
was: ‘ '

A. The apparatus used in the experlment

B. The amoeba without a nucleus.

C. The amoeba with a nucleus.

D. The amount of movement possible for the amoeba.

¢

A. Was so small that it could be seen only with a
‘microscope far more powerful than a school
microscppe. » v

B. Was of approximately the s1ze of a pin.

C. Was so small that it had to- be handled with a’ spec-
ial apparatus. -

D. Was moved automatlcally as the nucleus moved
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If this first part of the fnvestigation was'carried
out a large numher'of times, you would probably group
your data under the headings: o - '

A. (1) protoplasm (2) Nucleus (3) amoeba

B. (1) Amoeba with' nuclel (2) Amoeba with nuclei
removed

C. (l}fNumber of amoeba that d1v1ded into two- parts '
(2) Number of amoeba that survived :

D. (1)- Amoeba with protoplasm (2) Amoeba without'
protoplasm - | _ " A

' In the film it appeared that the nucleus of one amoeba

was pushed into an amoeba from which the nucleus had
been removed. This was "done to-‘ ' :

A.‘Decrease the effect of the nucleus in the exper-
iment. '

B.  See whether the nucleus of one cell é%uld be
transplanted into another.

C. See whether an injured cell would remaln alive.

D. Make sure that tHe amount of 1njury would be about
the same for the cell Wlth a nucleus and the cell
W1thout a nucleus. ' S

From this experiment*”

A, We have proved that the nucleus is needed for the.
cell to grow and divide in a hormal way. A

B. We have evidence that the nucleus is necessary for
the amoeba to remaln alive. )

C.- We have ev1dence to support the hypotheses that the
hucleus has: somethlng to do with growth and cell.
division. : , :

D. We have shown that the nucleus hel%F to heal the"
injured cell SR o

Suppose that out of 100 amoeba which had their nuclej .
removed, two of them continued to grow and subd1v1de )

Cin a normal way, you would llkely decide: -

A. Approx1mately l% of the. amoeba do not need nuclei'

© for growth and subd1v151on. . o }‘.

B. Approx1mately 4% of the amoeba do not need nuclei
for growth and subd1v151on.l L
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'A. All descendents of an amoeba’ are similar.
B. All descendents of.an amoeba are similar unless

308.

C. An imperfect job had been done and the nuclei had
not been .completely removed. W

D. The two amoeba had probably captured new nuclei
from the water. ‘ S

-

Frompwhat'yéu have seen you would expect the nucleus

y

to contain: .

A. a substance that caused the amoeba to grow.

‘B- A substance that causes the amoeba to divide into .

two parts. ' , :

C, One or more substances which regulates how an

amoeba grows.

D. A condensed part of 'the protoplasm but otherwise, -

‘the same as the rest of. the cell.

‘What problem is suggested from the evidence you have

seen?

A. Does injury stop’growth of the amoeba? ‘
B. How long will an ‘amoeba’ survive without a nucleus?
C. Does an amdeba require its original nucleus in *

- order to survive? ) T R
D. Can the nucleus of an amoeba be transplanted into
‘another ‘amoeba from which. the nucleus had beehn

removed? e : .

© Such operations-as kidney transplants. work’ well between
~closé relatives (such as twin sisters)., Using this

information and the evidence from the film, choose the

most likely statement. - ' L o

affected by‘outside‘influences_such as radiation.-
C. The descendents of amoeba are quite different after
~each cell division. C S o o
D. -There is no evidence of similarity-'or dissimilarity.
of the descendeh;s of an amoeba. - . '

G
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' - from air

anergy from g

' 'upw'ax;d path-
of water

oy

water i‘rom soil enters:
plant from roots

THIS DIAGRAM ILLUSTRATES THE PROCESSES GOING ON IN .
 ALL GREEN PLANTS WHICH MANUFACTURE THEIR OWN FOOD., THE
SUN's ENERGY' IS NECESSARY FOR THIS TO HAPPEN IN 'THE FILM

IAWHICH WE WILL LOOK AT THE REACTION OF PLANTS TO SUNLIGHT

~IS ILLUSTRATED l‘REMEMBER THAT ALTHOUGH ONLY A FEW PLANTS

. ARE SHOWN IN THE FILM, MANY PLANTS ARE USED IN THE

.

;INVESTIGATION

WATCH THE FILM CAREFULLY AND SEE IF YOU CAN REC-

|

OGNIZE THE MAIN PROBLEM HYPOTHESES ASSUMPTIONS CONTROLS
AUSED IN'THE INVESTIGATION AND SO ON., A NUMBER OF QUES-
TIONS WILL BE GIVEN TO SEE HOW WELL YOU UNDERSTAND THIS

'INVESTIGATION - SELECT THE‘BEST‘ANSWER IN -EACH QUESTION.

f

Q
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REACTION OF PLANTS TO LIGHT '

The firét hypothesis to be tested was:

The top of the seedling had something to do W1th

the reaction. '

The root of the seedling had something to do w1th
the reaction.

Phototropism is caused by sunlight.

The cells on the stem grow faster on the 51de away
from the sun. _ _ , _ ‘ \\

The seedlings_were grown in the dark because:;

A.

 B.

C.
D.

They germlnate better in the dark

The experimenter did not want the sunlight to affect
the plant before the ‘investigation started.

The light causes the plants to bend.

The plants grown in sunlight acts as a control.

A —
-Plagfs'wirh ' . . Normal plants
tipd removed ' )

This part of the experiment shows that:

A.

The tip of the plant causes the plant to react to
light.

Plants with tlps removed do not react to light.
Oat seedllngs Wlth tips removed. do not react to
light.

The cells on the side away from the sun are longer
than the cells on the side facing the sun.
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Plants wi - ! Plants W1th tlps Normal plants

. removec . covered with tinfoil

In this pa:*" of the investigation:

A. There is nc ov. deqpe that the tlp of the plants is

© involved. .

B. The plants w1tn'1)1l'caps on the tips act as a
control for thg nuvement of flUldS from the tip of
the plant. : :

C. The plants with the foil cap act as control for

‘ ~ injury to plant and movement of ‘fluids from the tip.
- D. This part of the investigation had no controls.

16. The main problem’ in this investigation is:

A

B.
C.
‘D.

Is light necessary for plant growth?

what causes plants to react to light?

Is sunlight necessary for plant 'growth? ;

What does the.passage of fluids have to do with the
plant's reaction to light? .

Questions-l7, 18 & 19 below réfers to the part of the
investigation illustrated by the following diagram.

tip

replaqeg

3

replaced]| glass

(2)

4 - - - - . v i TS e
Condition before llght '//6éhd1tlons‘after light

affected plants affected plants
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17,  The sample used as control for the whole ihvestiga—
tion.was: . '

AL () .
B. (4)
v Co (5)

G. (2)

18. fThe samples in'which fluids‘cbuld*not(pasé from the
" tip.to the rest of the plant were: '

Ay (1) only. S
? (1), (2), (3) and (4) only., = '

- (2), (3) ana (4) only. - , \'
D. (1) & (3) on1y. ‘ :
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C. Can lingg;/pass through agar?

'D. Do plants other than oats behave the same way?

22, 7 the diagram below in which wheat plants were used,
sdict which plants would bend toward the light?

tip

replaced

~A. (1), (5) and (3) only.
‘B. (3) and (4) only. .
c. (2), (4) ana (5) only.
D. (2) and (5) only..

WHEN YOU HAVE COMPLETED‘THIS SECTION CHECK OVER YQUR PAPER

TO MAKE SURE YOU HAVE RECORDED ALL YOUR ANSWERS ON YOUR

N

s ~

; ANSWER SHEET, WRITTEN YOUR NAME AND CLASS -(7-A, 7-B, 7-C

OR 7-D etc.) IN THE PROPER SPACE. HAND IN' YOUR QUESTION

PAPER, ANSWER SHEET AND PENCIL. \
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 PROCESS OF SCIENCE TEST (PST) KEY*

|

"

1. B | 12, a
BN
o 2o D '130\ _B
3| C .. ) 140 . c N
o | ~ | o
. N 4. c ‘ . b 15. c . 2
. 5. B " . 16. B . |
| 6. D 17. C o
' 7. ¢ o E “18. D
8. c | 19. ¢ )
9. ¢ 20. ¢
10. B . a1, b
1. ' 22. ¢

/
: * The film loops (An Inguiry- The Imgortanr“e 2f heI
Nucleus and Phototropism) which accompany the test are part
of the BSCS series of Single Topic Inquiry Films. These film
loops are available from commerc1al publlshers which handle
BSCS materlals. : . :

.
—
[
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HOW I FEEL ABOUT MY SCHOOL
P "
Developed by

J.K. Coster . -

.

a

I am conducting a survey of, the opinion, beliefs
and feelings of a large number of students like yourself.
I would like to find out hpw you feel and what you thlnk
about your. school.. Your. answers to the ‘questions w111
provide us with 1nformatlon whlch will help us in 1mprov1ng
 vour schools.

This is NOT a test. There are no right answers.
YOUR OPINIONS OR ANSWERS -ARE THE ONES IN- WHICH I AM .
INTERESTED AND THE ONES“THAT I WANT I would like you to
‘-be very frank’ in maklng your selecttons. PLEASE DO NOT
WRYLTE YOUR NAME ON THIS PAPER. WRITE ONLY YOUR IDENTIFICA—
ON NUMBER ON THE SHEET. You are assured that no one in
vyour 'school will see your ‘papers. You may be cértain, ,
therefore, that the way in which you answer these questlons
deflnltely will NOT affect your standlng in your school.

The quebtlonnalre consists of thlrty one questions
about many parts of your school. Following each question )
is a list of five possible answers: Please read each ques-
tion carefully. Then carefully read ALL five answers and -
select the QONE answer with which' you agree most fully. (1f
none of the. p0551ble answers exactly express your opinion,

. you agre asked to select the answer that most nearly-
'expresses itl) After’you have made your selectlon record
ths selectlon on your anSwer sheet. .
' ‘EXAMPLE:_I on the average is Alaska warmer or colder than™
.  Hawalii? : R R v '
R W Alaska is much warmer than Hawaii. -
. B.,Alaska ls<§lightly warmer than Hawaii..
: -, C. Alaska is neither ~:rmer.nor colder than
S Hawaii.j  ° : ' ' : .
*-~ .+ D. Alaska is slightly colder than Hawaii.’
E.. Alaska li much colder than Hawaii.

]
\
X,

E is the best answers therefore yau would mark your~answer
sSheet: - L ‘ = : .

Q.

o
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A1 B — 2 €23 D -4 E %55
< Please work rapidly but carefully. Answer ALL
ﬂquestions but select only one answer for each question. If
/" you have .any questions qboaz—fhe questionnaire you may ask
‘the persdn or persons in charge. If you have no questions
you may begin. : “

.

HOW I FEEL ABOUT My 'SCHOOL

-~

l. . Do you belieye that the work that you are taking in
Vo schoolywill be useful to you after you leave school?

E. Yes! I am certain’that my school work will help”

me a great deal.
D. I feel that my school work: generally will e useful.
C. I feel that my school work will be of some use to

co mes ' : o
B. Iffeel-that my sGhool work will be of little use.to
me... . . . ) .
A. No! I am ¢ertain that my school work will be of No
use.to_wg;@# , ) " ~
| : o | &
! o o, ) S
2. 1po you feel that your teachers treat you fairly?
- - E. Yes! My teachers always treat fe fairly. &

D. My teachers- usually treat me fairly. '
C. Sometimes my teachers treat me féirlyiasometimes

they don't. T T :
B. My teachers usually do NOT treat me fairly.
A. NO! My teachers never treat me fairly.

I

3. What is your opihion of your chéncés‘of gettihg the
kind of job that you would 1like to have after you
leave school (or college, if you plan to atﬁend)?l

. A. I feel that’'I have a very poor chance of getting

> - the kind of job I want. I L _ '

B.,I feel that 1 have a poor chance of%éetting_thé
kind of. job I want. . S

!
- !
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(continued)

C. I feel that my chances are about average.

P. I feel that I have a good chance of gettmng the
kind of job I want.

E.)I feel that I have mn excellent chance of getting
the kind of job I want.

How interesting, do'you feel, 1s your school work to
you? ‘ ‘ v .

¢

E. All of my school wdgk is interesting to me.

D. M-t of my school work is interesting to me.

C. As.cut half of my school work is interesting to me.
B. Little of my school work is interesting to me.

" A. None of my school work is interesting to me.

c
. -
o

What 1is your oplnlon of _the worklng and studying condi-
tions in your school?

A. Our working and studying conditions are very poor:

B. I feel that they are poor.

C. I feel that they are about average.

D. I feel that they are good. ,

E. Our working and studying congatiohs are excellent!
They couldn't be better!

i

bo you feel that the other students in your schooi
like you? ' .

E. No! I feel that NONE of the other students in my
school like me. ‘

D. I feel that only a few of the other students like
me. ’

Cﬂ.Some of the otlier students llke me; some don't.

B. I feel that most of the other students 1ike me.

A. Yés! I feel that ALL of" the other students 1n my’

" school llke me.

. What is your general feellng of the school that you

are now. attendlng?
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(continued)

E.

D.
C.
B.
A.

There is no other school that I would like as well
as this one. »

Generally, I am.satisfied with my school.

I feel that this is an average school.

Generally, I am NOT satlsfled with this school.

I feéel that this is the worst school that I could

'attend

Do you believe that your parents are interested in
your school work? :

ves! I am sure that my parents are highly

\

~e

interested in my school work. .

On the whole, I feel that they are interested in

my school work.

Sometimes I feel that they are interested; ~sometimes
I feel that they aren't.

Cn ‘the whole I feel that they are NOT- 1nterested

in my school work.

No! I am certain that my parents are NOT 1nterested
in my school work. S,

what is your opinion of the number of activities -
such as clubs, dances, parties and sports - in your
school? U '

A.

B.

c.

I am greatly dissatisfied w1th the small number of
activities. :
On the whole, I feel that we DON' T have enough
activities in this school. ‘
We have a fair number of activities, but we should
have more. - -

D.,0n the whole, I feel that we have enough activities

E.:

in our school. ?
I am very well satisfied with the number of activ-
1t1es in our- school.

&
-
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What, 1in general, is your opinion of the teachers in

A

your school?

What is your opinion of the group of subjects (or

No other school has a better group of teachers than
ours.

I believe that we have a goo group ofzteachers in
our school. . s

I feel that we have an average group of teachers in
this school. //8 :

- I believe that we have a poor group of teachers in
- this school.

No other school ‘has a poorer group of teachera than
this one.. .

i

. 4

courses) that is offered in your school?

A.

B.
C.
D.

.

Do

. ¢ ‘
No school student should have to study these sub-
jects. 3§
I feel that- this school offers a poor group of subjects,
This school offers a fair group ‘of subjects.
I feel that this school o offers a gpod group of -
subjects.
I couldn't ask for a better group of subjects.

you feel that your school work is the kind of work

-that you like to do?

Yes! All of my school work is the kind of 'work

that I like to.do.

Most of my school work is the kind of work that I
like. to do.

Some of my school work is the kind’ that I llke to
do; some is not.

Little of my school work is the kind of work that
I like to do. . :

Nol None of my school work is the kind of work

‘that I like to do.
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~13. Do you believe .that your school teachers are per- 'f
' sonally interested in you? ’ '

‘No! I feel that my school teachers are NOT

interested in me.
Generally, I DON'T believe that. they are 1nterested

1n/me as a person. .

‘Sometimes I feel that my teachers are personally

interested in me.
Generally, I believe that they are 1nterested in

me as a person. .
Yes! I definitely feel that my teachers are
interested in me as a person.

"14. In your opinion, *how do people in vour communlty feel
‘about your{ school?

The p&ople are greatly dissatisfied w1th thlS
school.

. Generally, they are dlssatlsfled w1th ‘this school. -

About half of the people in this communlty are
satisfied with the school.
Generally, they are satisfied with our echool.v

The people are very well SatlelEd w1th our school.
. ™

15.. How do you feel about the way in which your school
subjects are taught? : .

I feel that all of my subjects are taught in an

excellent. manner.

On the whole, I am satlsfled with the way 1n Wthh
they are taught

Some subjects are taught in a satlsfactory manner;
others are not.

On the whole, I am dissatisfied with the way in

which they are taught.
I am highly dissatisfied with the way in which my
subjects are taught. '

1
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16. What is your oplnlon of the help and a551stance that

your schoo teachers give you with your school work?

A. My schogl teachers never help me. _

B. I feel that: my school teachers glve me very little

- help.

C. 'S ﬂ etimes my teachers give me the help that I need.

. , D. teachers usually help me when I need.it.

R - I feel that my teachers are always very generous
Wlth their - help.

K
AN

17. How do you feel about going to adults in your school -
- such as teachers, principal, ‘or counsellors - to get
help and advice regarding.your personal problems such
as how TO improve your appearance, how to act on a '
. date, what subjects to take in school, or how to get
© along with other people? . : o

'E. I feel that I definitely would want to get. help
with my problems.
D. I frequently would want to get help from an adult

. in my school.
C. I would want to get help w1th some, but ﬁot all,
personal pro ms.
B. I rarely woul want to get help from an adult in my
school. o
A. I am sure that I would NOT go to anyone in thlS

school for help.

18. What is your opinion of the marking and gradlng system
. in your school; that is, how do you feel about” the way
in which marks or grades are given? ‘

A. I feel that the system in thlS school 1s-very

unsatisfactory.
' B;;Generally, I feel thaL thlS school has a poor sys-
’ tem.

C. The system in this school may be all rlght ‘but I
don't ‘like it. : .

D.~Generally, I feel ‘that our school has a goo system. '

E. I feel that our ‘school has an excellent system. )
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20.

21.:

22,

How do you feel about the way 1n whlch your school is
organlzed9 .

E. .

D.

Co LV
‘B.

A.

322,

- / '
The organization is excellent- our school runs very

smoothly. ,
On the wholé, I feel that our‘sohool is well-
organized. _ - -

The organization of our school is just "so - so".
On the whole, I feel that this school is poorly
organized. B :

The organization is erx Eoor- no one knows what is

going on.

/

"What is your opinion of the school spirit 1n your
'school?

-4

There is absolutely NO-~school splrlt in this school
The school spirit is Llow. :
The school spirit is about average when compared

" with other schools.

Our school spirit is high.

Our school spirit is excellent! It couldn't be

highet.,

How do you feel about the’ SOClal life you are hav1ng
while attending school? :

A.

- B.
c.

I am-greatly disappointed with my social 1ife.
Generally, I-am dissatisfied with my social life.
Sometimes I am satisfied with my ooc1al life; some-
times I am not.

_Generally, I am satisfied with my soc1al life,

I am very well Satlsfled with my soc1al llfe

Do you feel that going to school Wlll help you™in
enjoying life more and in gettlng_more satlsfactlon

from llVlhg’

fA

No.f I am certaln that 901ng to school will NOT
help me. ] o
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25,
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'(continued) !

B. On the whole, I DON'T belleve that going to school

: will help much.
C. Going to. sdhool may. be of some help to me in enjoy—
ing life.
D. On the whole, I feel that g01ng to school will be
helpful._
E. Yes! I am sure that going to school w1ll help me
' in enjoying life.

How hard do you feel that you hre worklng (or studylng)
our school work?

. ‘I never work in school.
B. Usually I DON'T work very hard in sohool

~ C. Sometimes I work. hard; sometimes I don't.

D. Usually, I work hard in school. .
E. I always work as hard as I can on my schOo%/work.

J—

what is your oplnlon of the other boys and glrls 1n
. Your school? : .

E. They are the best group of boys and girls in the
world.

D._ I feel that we have a good group ofvboys and glrls
in our school.

C. Some of the other students are all rlght- some are
not.

'B. I feel that thls school has a poo group of boys

and-girls,
A. They are the worst group of boys and glrls in the
world.

»

How well, in your opinion, do your school teadhers

"know" and understand the subjects that they teach?

A. My teachers deflnltely do NOT know and understand
their subjects. -
B. They don't "know" and understand thelr subjects as
“well as they. should

[T}
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25, (continued)

C. Some of my teachers "know" and.understand their
subjects; some don't. “
D. Generally, I feel that they "know" and understand
' their subjects.
- E. My teachers definitely do "know" and understand
" their subjects.

26. What is your opinion of the equipment and facilities -
~such as laboratory and shop equipment, books and
desks - in your 'school? _ : \

E. No other school has' better equipment and facilities
D. Our equipment and faCilities are better than those
- in most schools.
C. The equipment and facilities in our school are
, about average. :
. B. Our equipment and facilities are poorer than those
“ in most schools.
' A. No other 'school has poorer equipment and facilities
‘than ours.

]

27. 1In general yow do you feel that the other people in ‘
your School" treat you?

E. I feel that I couldn® t be treated better' , .
.D. Generally I feel that I am treated in a satisfac—
tor¥ manner. '
C. Sometimes I-am treated all rrght- sometimes I feel
- that I am not. C
. B. Generally I feel that I am. NOT treated very well.
- A. I feel that I couldn't be- treated worse!

"'..':u

28, In your. opinion, how good a job does your school do in
educating the students who come to it?

. Very good or outstanding.

. Good

. Average C R
. 'Poor -

. Very poor

Y o N o'm'
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llow-good a job do your teachers do in teaching you?

E.
D.
C.
B.
A.

I
Very good or outstanding
Good
Average ‘ . ' X
Poor
Very poor
\

How wéll do you like your teachers, és‘pe;sons,'who
teach you? ‘ ‘

E.
D.
C.
B.
A.

I like my teacheéers vVery much.

I like 'my teachers.

I neither like or dislike my teachcrs.

I,don't like my teachers. o .
I dislike my teachers very much. : E

How good a of 'Des xpur principal do as a principal?

very good or outstandlng

Good

Average A
Poor ' '

Very poor

~
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Time ‘(2 min.

A

‘THE OBSERVATIONAL INSTRUMENT

bPart 1.

-

13 327.

interval) Specific Behaviors Majdr Process

(a)

(b)
(c)

*(q)

Speculatihg about a
phenomenon ‘
Identifying variables,
Noting and making
assumptions

Delimiting the proplem

Identifying
a Problem

(a)

(b)

(2)

Recalling knowledge and:

experiefice .

Doing literature research
Consulting people

Background ~
Information

RS
-

Predicting

Hypothesizing

The Processes

| (a)
(b)

& (c)

(d)
(e)

a

Defining independent and”

control variables .g/ ¥

Defining procedure and

' sequencing the steps

Identifying equipment,
materials and technlque.-f
Indlcatlng safety '
precautlons_

Devising the method for’

recording data

Design

(a)
(b)
(c)
(d)
(e)

4
°

Collect, construct, and
set up apparatus,_
Performlng the experiment
Identifying llmltatlons of
design '

Repeatlng the experiment
Recordlng data = a

S

Procedure .




'THE‘OBSERVATIONAL INSTRUMENT

(ccntinued).'

<

328,

(a) Obtalnlng qUalltatlve data

.

o

(b) Using statlstlcs

(c) Determlnlng uncertalnty
~in results.

"Mathemat-

ically = .

.
-

(b) Obtalnlng quantltatlve data .
-(c) Gathering specimens : 6é
(d) Obtaining graphical data Obsérving
(e) Serendipity and
(f) Noting precision and Observatf%ns
, accuracy of data
(g) Judging rellablllty and
validity
(a) Orderlng to identify : ;}‘
. larities - Organizing
(b). C ssifying Data
(c) Comparlng . ‘
) (a) Drawing. graphs - charts;
¢ maps Rep. Data
- (b) Interpolatlng and Graphically
w . f rextrapol&tlng
b
N3 ' _ .
f§ (a) Compuﬁing / .
. “Treating Data

r3

(a). Suggestlng an explanatlon

* for data

generallzatlon

(c) A536531ng valldlty

i

(b) Deriving an lnference‘or

-

Interpréfing

A

tions

definitions

. (b) Mathematical operatlonal

5(a) Verbal operatlonal deflnl—.

Operagional
Definitions

.10

11

12




THE OBSERVATIONAL INSTRUMENT

(continued)

Part 1:

h ¢
2 i
. |
Mathematical relatioﬁéhipJ
- Incorporatingﬂinto theory
(a) Incre;se'lévelﬁéf con- o :
fidence Seeking -
(b): Test range' of appilica- -Further
-tion - Bvidence
(a) Effect of a new ] ‘
“variable C
(b) Unexpected observa-: New Problems
. tions S ' ‘ ‘
(c) - Incompleteness in _
theory - - RN T
T — ‘
i
Applying the discovered . g
- knowledge ' : :

329,

[£Y

14 13-

15- v

16
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' D
Time Interval
Gives direction v :
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INSTRUCTIONS FOR THE USE OF THE OBSERVATIONAL INSTRUMENT '

,1

. ¥ Interpretations

Part 1: The'Processes \ ‘ o
-— \ , . B

Interpret these behaviors as outllned by thc
specific behaviors. . . C -

'
a
-

. . .
[ e

Part 2¥  The Characteristdcs of the Science Teaching
~ . : . .

- Interpret these.as outlined by Fischler and

~Zimmer (34). - The section labelled "Characteris-

' tics" require dec151ons ranglng on a contlnuum.

Fischler and Zimmer's 1nterpretatlonsuof this
section is given below: g

-’

k}

s
Characteristics of Teaching

1. Congrete Abstract: At the-abstract end of this
contin&um, the.ihstrpctor&uses verbal and written symbols,
while at the other end the real object is used.. In between
will be various substitutes such as models, <pictures, &
- diagrams, mock-ups,. etc. "This continuum refers to the ‘
method of communlcatlon which the teacher used to impart
knowledge anrd understanding. 1In practice, the abstract ‘end
will be checked only if the teacher and/or students talk
ana/or write; the concrete end, only if the real object is
used. Use of any of the various A-v aids wlll place the.
‘check in the ‘middle. _ . L . B}

o

2. Practical. _ Theoretic.i.: This is the continuum which,
-at .one, extreme, makes use of applications or principles to
- subject matter which is_within the experience of the lciiner

~and which is used by him; at the other extreme, thed® -
presented with no application to the learner's experisnc
This continuum has to do with the subject matter taught.
If there-is 1little or no mention of theory or scientific
principles, the lesson will be considered. ﬁractlcal- if no
mention is made of practlcal appllcatlon it will be
theoretieal. : : i
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3. Directed Non-directed: This continuum applies only
to student activities. By this is the meant the extent to
which the teacher actively. directs the students in their
actions. At one extreme, the teacher gives very explicit
directions, frequently in writing; at the other, the stu-
dent is left on his own. (34) '

4

/

Recording é | ' \
RECQRDADOMiNANT PROCESS IN PART 1 AND DOMINANT
TECHNIQUE IN PART 2 As:mqmiéés:
| If agtivity takes place during the first part of the
Eﬂge inter&al [T ‘ | T ESJ
o Ifacti&ity'takés;place‘during the Sepbhd half of
the time interval o - : ‘EZﬂ
If éctivity takes Elace.during the whole of ﬁh?‘ |
time'intérval o P
: a

Record activities observed which are incidental to

the dominant one as - 3 ' |jﬁl}
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Sample Pages From Expériméntal curriculum
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TEACHER'S NOTES

- Introduction to Life Science Course

~ The first week or so should be devotcd to an
1ntroductlon to the course. The follOW1ng points should
be covered in this 1ntroductlon-r /«

An overview of scienbe and scientific methods.

2. A brief explanation of the inguiry method.

3. An outline of procedures to be used in orgahizing
groups, setting up statlons u31ng laboratory
manuals, etc. : » :

4. An outllne of the course to be covered in life
science.

- 5. A brief survey of the processes in scientific
inquiry.. It may be worthwhile to prepare bookléts
- which explain each of the processes and pass these
out to the students so that they are ‘readllvaall*
- able.
6. Arrandements should be made for the class to brlng
- in collections of plant and animal life in their

[
—
L ]

o

¢

U communities. Some attention should be given to the
k technlques of collectlng, mounting, preserv1ng,

» ‘ ~tc. of specimens,

OIFFERENT COMMUNITIES EXIST IN THE BIOSPHERE

INVESTIGATION #1

Concept ~ There is wide variety of;llfe or many

n - . organisms are distributed and occupy many
envronments. ' Plants and animals are adapted
and distriputed in relation to geagraphlc and -
environmental factors.

o éﬁhﬁencept - There‘are'many different communities.,

P Y
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-Processes Involved o |

In this first investigation ly four processes
are being used. The teacher should relate the ‘processes
to the content of the investigation to as great an extent
as possible. Students should be encouraged to consult the
 booklet Which'explains the processes whenever necessary.

/

I,vaéparationv.. b

| v
l. Problem v

‘Teachers may wish to draw an analogy between
~the macro and micro communities: which exist among
the human population of the world and the similar
types which exist among the plant and animal

‘populations of the world.
2.'Backg;ound'lnformation~

Students should be provided with an opportunity
to do literature research in the classroom library
and in the :school library. Since this is the first
occasion on which the students are required to
search through a variety of reference books, an
‘excellent opportunity is provided for the teacher
to give attention to reading skills such as skimming,
getting the main idea, summarizing; organizing, etc.
and to library skills. ) ' .

-In addition to literature research, the back-
ground, information could be developed through” such
aids as films and filmstrips. Some suggested ref-
erence texts and audio-visual aids-are listed '
below: - ' ' s

- . _ ,

Reference Texts: World of Living Things -

' ©(Brandwein) = P.. 192-242

S . o .Life: 'Its Forms and Changes '
oo ‘ - (Brandwein) - P. 4-68

' " Life Science - A Modern Course -
~(Mason and peters) - P. 306-
327 - ,

Living Things (Fitzpatrick,
" 'Bain) - P. 91-142 :
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Reference Texts: 'Exploring Life Science
(continued) (Thurber & Kilburn) - .
P. 9-59, ‘

| LN

i
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' ' ' R " page 1 of A - 1

A —'Different Communities Exist in the ﬁiosphere

Inveetigation A F.l

Problem: -. ‘ ' ) S

What.are the different communities that exist in the
biosphere? ' ‘ '

-

Background Ihformatien: —_ ——

In your research attempt to determine what

a) a blospﬁeré is
b) ra communlty is

ucving.determined the meanings of these two terms
attempt to identify thé various communities within the’
biosphere, their characteristics, and the plants and
animals within each of these communities. -
' Interpretation ‘of Data: ”

what is a“biosphere?‘ A o
. | \

What is a communlty°

Refé?eyce Texts: High "School Blology (BSCS Green
. Version) - p. 2-10
‘A Sourcebook for- the: Blolqg;cal
Sciences (Brandweln)
Modern Life Science (Fltzpatrlck
Hole) - p.-130 - .~
~Nuffield Blology - Text III and v
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,land:communities tundra’ communities, etc. Films

338.

Filmstrips} (Available from Audio-Visual Aids Branch
' of Department of Education.) '

2168 - How' Animals Live in the Desert
2169 - How Animals Live in the Arctic
2170 - How Animals Live in the Grasslands
2171 - How Animals Live in the Sea ~
3542 - The Field as a Community

3544 - The Forest as a Cemmunity

3545 ~ The Pond as a Community

3750 -~ Nature's. Half Acre

4358 - The Grasslands - A Major Communlty
4359 - The Swamp . :

4360 - The Desert

4361 ~ The Seashore

4362 - The Pond

4363 - The Forest

2580 ~ The Woods of Home

. Pilms: = (Available from IMC)

D-F68-4 Common Animals of the Woods
The Community

-Conceptualization of Data

11. Interpreting Data o P

The intention here is to have the students sum--
marize the different communities, their characteris-
tics ahd the-plant and animal life found within each s
community'. As é result of their research students
should realize that there are possibly three basic
macro communities: . fresh water communities, marine
communities and land communities. Within each of
these larger communities are numerous smaller commun -
ities: pond communities, lake commuhities, stream
communities, shallow sea communities, deep-sea commun -
ities, desert communities, forest communities, gras?j)

and/or fllmttrlpu may be used to review the more

- common communities or lnveetlgate the more . unusual

communities. o : : : 4
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V. open-endedness

It is hoped that the teacher will provide for
individual differences and enrichment for the more capable
students through activities such- as 'seeking further
evidence, identifying new problems and applying discovered
knowledge. I '
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The Attributes of a Good Teacher
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A ‘'DESCRIPTION OF THE TEACHERS BASED ON INTUITIVE JUDGMENT:
. - A RANKING ON DIFFERENT ATTRIBUTES

CONFORMING * ‘ " EQUAL ' ~ NONCONFORMING
FUNCTION _ /' FUNCTION
. ¢

L *. 1. Explaining, informing
’ showing how

D _ : ! A, C, and E , B

2; Initiating, direc d;
©administering

D A, ¢, and E ' ‘ B
3. bnifyingkﬁhe group

b a - ¢ E | B
4. Giving‘sécufity |

.D‘k c A, B - B

5. Cla;ifying attitudes,
ibeliefs, problems

D A C and, E ‘ : . B

6. Diagnosing learning
_ problems :

A, C, and E . B

7. Making of curriculum

materials
B, C, D, and E P ‘
. : -l-/ . -
o
/ . 3 L
*Conforming to the attributes of “a good teacher: -

) ~as described by Powley (94).
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NONCONFORMING
FUNCTION

CONFORMING - " :

: EQU.
FUNCTION ’ ' QUAL
8. Evaluating, recordlng,
g reportlng

D A, B, C, and E

9. Organlzlng and arranglng
claSsroom :

iy
0

‘¢ b E B 0 a
10. Rapport and interaction

’

D .a - . B

11. Studen® reapect for
teacher B
, A,'p, D, and E __'" "B
- 12, Teacher respect for;stﬁdehts
D -  Aanac E ,-A o B

134 Chlld open to his experlence— -
1nd1v1dua11ty

D - - ;A and £ B T . co
b 4 : 14, Commuaggative‘Skiliso' I
D Aandc e - . B
. 15, Responsive to the. data tha
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