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Abstract ’ -

~

A rationale for}evaluation in the affective domg.r of
A ~ 'A .4 " ;
science education was developed. The procedures and data

analysis employed were designed to demonstrate this

rationale as a practical approach'to t&st construction in

®

this area. y . Qﬂ

The Nay-Crocker inventory of affective attributes of
sciertists was used as a framework for affective objectives

in science education.. R selected set of attributes
(critical mindedhess,.suspended judgement, respect for
evidence, honesty, objectivity, and uillingness to change,
opinions) was behaviorially def;ned and multible-choice
questions to reflect these behavior§ were constructeg (Test

+

On Scientific Attitude - TOSA).

Cognitive: intent, and action components of the
attributes were dgfined and TOSA was divided into two
subtests. The-Cognitive Component Subtest (ccé) measﬁres
understanding of how the defining behaviors are manifest in

. a - . :
the ﬁctivities of scientists. The Intent Compdnent Subtest
(iCS) requires indication of a preference for a given course
of action in situations related fo the defining behaviors.

Teacher ratings of student affective behavior were also

obtained.

Item analysis results indicate th&t,.wpile,SOme of the

itens.reguire revision, the stati;f&cs for most of the items
’ : ‘ gL A R ‘
l’v‘.n‘. ) A .

v



.are satisfactofy. The KR-20 ‘coefficients (0.55, O.uS,fand
, ‘ _ .

0.39 tor TOSA, CCS, and ICS, respectively) are quite loéw;.

however, the test-retest .correlations (0.73, 0.68, anq 0.64

for TOSA, CCS, and ICS, respectively) are satisféctdry:

The item*intercorrelationé for TOSA were examined by a
common facrtor analysis and nine factors were retaihed.‘ When
each factor was identifieq with one of the attributes, 84%
of the salient factor loadings were related to a ' b
classiticatibq of the questions based on the defining
behaviots.‘wrhebfactor solution gave Some support to t%@

contention that CCS and ICS measure diffefent

characteristics. Four of the factors consist mainly of

questian from ICS and two consist mainly of guestions from -

cCs. ‘ '

‘ . . ¢
This division into two subtests‘ié also supported bb a
nunber of cqrrelahions. The corrélation between CCS an? ICS
15@0,23 again indicating that the Fq@nsuﬁfests do not
me;sure the same characterist{éE; ICS is more highly
qorrelaied vith teacher ratings of student affective

behavior while CCS is more bighly correlated with scholéstic

ability and rehding ability.

A test consisting of opinion Statéhénts for a Likert
‘scgleh(TOLI) vas'ﬂesigned to provide a coiparison begieen‘
this format and the format of TOSA. ‘Alfhough'stateiépts
‘ueré included»inaTOLI on1y>if'their cbnient‘uas‘sililar to

ce



the content of TOSA, the correlation between these two tests

is only 0.37 indicating that test forpat as well as content

may have some influence on student responses.

High and low student groups as categorized by teacher
rati(gs wvere éhowﬁ to be significantly different (P_§\D.OO1)
by one-way analysis of covariance yi?h sch?lastic ability as
¥hekcovariate and TOSA, CCs, ICS, and TOLI as the separate

‘criterion measures.

Although veaknesses were identified in some of the
questions, the data analysis indicates that useful tests can
be constructed through the application of the rationale

outlined in this study, -

» "
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Chﬂpter I

The*éreblem .,V .
Q. ,‘ . T

I. Need forzthe Study

»

>Lists of objectives proposed for science education
eften incldde the development of interests, ettitudes, g’
values, and appfeéiatiens (e. g. Alberta Depattneng of Z:
'Egucation,“197b). However, the literature on this topic
('B‘loom,' et. al., 1971, p. 226; way and Crocker, 1970, p. 61)

"1nd1cates that teachers tend to neglect these objectlves‘
\ kY ‘

BN
when plannlng classroom’ act1v1t1es. )
e T .

In their dlscu551on,of sunmatlve and formatlve : -
eevaluatlon, Bloom and co- authors (197T pp. 226-254) discuss
p0581ble reasons for thls avoidance of direct attention to

gffeCtive.objectives.‘ Tﬂey cla;n that thete is a general

feel;Pg, both among the publlc and the teachlng profe851on,
.J

that trylng to develdp selected attitudes and values in _

students is akin to dndOCtr;natlon and 5ra1nvash1ng.
5cr1ven (1966 pp. 4y~ 55) maintains that teadhlng toward

affectlve objectlves should be approacheﬂ in a manner

[ Y H L ]

-s1n11ar.§o the teachlng of lany science’ concepts. Selected

-

values and attltudes should be: presented as the nogt

defensible ones fron a glven set of alternatlves. Enpha51s

3

should be’ placed on developlng an understandlng of the .

“' .

farguuents in- support of those vhlch are,fiipcted,
'*;Anethergeontrﬁbhtigg chtor tolthe'negiect of dffective”f'

Lo PRI S ae
foy . . R

W T
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okjéctives is the absence of adequate information concerniag
teaching methods and materg Is that can be used to develop

in ests, attitudes and values, and the lack of suitable

evaluation imStruments. This study will specifically

v
<

\nvestigate the problem of evaluation in the affective
A
@omain of science education. Research into the
: _ : : g
effectiveness of instructional methods in this area will be
. . 4 -

quite difficult unless -appropriate evaluatiion instrﬁments

are available.

\

II. Background of' the Problenm

’

-

] =

. . ‘. - ' ' .
o Anf’stuﬁyv1nvolv1ng‘evaluat10n must be concerned with
the identification of the set of oBjectives which defines
the area of interest, the detailed definition of these

~ . B - N
objectives, and the choice of an appropriate format for the

evaluation instruments. 'hslthesg points are examined, the

v

function that thé'evaluétion instruments are tq serve will
s : f - [ .

L]
be a dominant factor affecting choices between various
altérﬁa;ivés.

(\ . o .~ ' -
\ \ i ' *

Tﬁe main purpose of evaluation in t he affective domain

épould be to guidé the development and improvement of
T L ‘ ‘
teaching methods and materials pather than to assign pupil

marks (Bloonm,. et. g;.; j971, p. 228). A pogsible approa¢h
Qto;é” hi énd(iSoto‘Ebnstrhcf evaluation instéumé;té
;hichfétténpthto identify beha;iqgé thaf definq}theAseiectef
P“éet:ég ohjeét{vés. ‘Studenffscores can thenbe’uséd as an
; ;‘iﬂgigﬁtéyh“of the éx}ent‘to which the:abﬁlied methods and
B “ . . _ s

o



raterials en&ourage the desired behaviors. The preparation
of these instruments will be facilitated if the objectives

are §Yefined in behavioral teruas.

The éffective domain in science Bhad been defined in

\
terms of affective attributes which scientists exhibit in

‘ -
their work and in their relationships with other

_sclentists. These attributes are categorized as interest,

adjustments, attitudes, agbreciatipds anQﬁvégues (Nay and
Crockér, 1970, ‘pp. 61-62) . Current lists of objectives for

- ry

~science education (Alberta Department of-Education, 1970)
..? . .
include the development of many of the characteristics which

are «included in the summary presented by Nay and Crocker.
’ %

If these characteristics are defined in terms of student
behaviors, the Nay-Crocker imventory provides a
comprehensi;e list of affective objectives for science
education. The characteristics to be examined in the

present study will be selected from this inventory. The

complete inventory is listed in Appendix A.

-

fhe qhoice of test-questiog format to be used in the
present study to measure student attitudes wvas.largely
influenced by the definiton ofvaétitude provided by Rokeach
(1968, p. 112). He defines attityde as a "rélatively
enduriag organi;ation of beliefs around an object or
situation predisposing one to respond in some preférential

., manner",

. <

' Since attitudes are mediating variables, they cannot be

8



~TT,

measured directly and must be . inferred from some overt

response. The most common approach to attitude measurement
is to obtain a measure of the respondent®s agreement or.
disaqreement with a set of opinion statements about the,.
attitude objegct. The position taken in the present study.
is that, since attitudes are defined as predispositions to
some preferred response, a reasonable approach to attitude
measurement would be to make inferences ;bout an
individual®s attitudes from his endorsement, ‘or lack of it,

of various courses of action in certain situations relevant

to the attitude object.-

Rokeach discusses three components of attitude -

cognitive, affective,and behavioral. These three components

‘represent knowledge about the attitude object, the tendency

to take a positive or negative position to;ard the attitude
objéct, and overt respdnses with respect to the attitude
object. Nay anderocker(1970, pP- 61) define two components
of the affective attribut?s in terms of student objectives.
These are the student's cognition of the role of the
attributes in the activities of scientists and the student's
tendency to exhibit these attributes in hi's own science

work. These correspond to the cognitive and behavioral

components defined by Rokeach.

In the process of defining the -affective attributes in

behavioral terms, the present study incorporates the

concepts presented by bbth’Rpkeach and Nay & Crocker to

4
. v



define three components of the affective attributes of
scientists. These will be identified throughout this study

{

- AU .
as the cognitive, intent, and action components. The
L]

cognitive componept’;éﬁre§?nts the student's understandyng

of the §ignificané; b{itheﬁattributes to the scientist i#n

his work. The intgﬁtiﬁoq}onent represents the student's
tendency to show appﬂdv;i or disapproval of behaviors“which\
define the attribute. ' This will be indicated by his
endorsement of specific courses of action in‘certain
situationi}rélevant to tpe attribute. The action component ‘
represeﬂté the extént to which the student demonstrates the
attributes in. his science work. The reasons f&r using these

three terms are discussed jn Chapter II.
IITI. Statement of the Problen

The problem in'this study is t§\dgve10p a rationale for -
evaluation of affective:objgctives in science education and
to exémine the practicality of this rationale through its
application to a small~subéét.of objectives. ®his will
. involve the definition of thése objectives and the

construction and field~testing of test items. /
IV. Definition of.Terms

Affective Objectives: For the purpose of this study

- the term affective objectives refers ' to the development of
the interests, attitudes, adjustments, appreciations and a

values which are Sﬁlmarized in the Nay-Crocker:inventory



(sée Appendix A).

e o e e  —

organization of belief§ around an object or situation
predisposing one to respond in some prefeegntial manner™

(Rokeach, 1968, p.'1f2).‘.In the present study, attitudes

K_ are further defined in terms of the following three

. A
components:

1. Cognitivé Component - student's understanding of '/
the significance of the affective attribute (Appendix A) in

a scientist's work.

2. Intent component - student®s taendency to show
approval or disapproval of behaviors which define the

affective attributes. » "

L]

3. Action Component - student's tendency to exhibit

)

the affective attributes in his science work.

Test On Scientific Attitude (TOSA): This is a forty-

— o

f
item, multiple-choice test developed as a part of this study

(see Appendix B). The test items are d}vided into the

. €]

follovwing two subtests:

3

1. - Coghitive Component*Subfest (CCS) - The twenty

: items-inAFLis éubébst are\deSigned to measure the student's
understanding of ‘how the behaviérs whichfdefihe the
affective »at_tf‘inutes are manifest in the activities in vhich

~ scientists participate.



2. Intent Component Subtest (ICS) - The twenty itenms
in this subtest require the student to show a preference for

a given course of action in a certain situation.

1 3

e High student Group: The teachers vere asked to rate

the students who wrote the above test on a séﬁlé of}1 to U 4
on the basis of the extent to which they demonstrate the
behaviors used in the defini£ion of %hé'atﬁributes (seé the
instruét%?ns to the teachers in Appendix E):I‘The high

~student group consists of the top twenty percent,of'the

students in each class.

Low Student Group: The low student grdup consists of

“the bottom twenty percent of the students from each class

(on the basis of the teacher ratings noted above).

Test Of Likert Items (TOLI): This test consists of
twenty-fiée opinion statements relevant to the affective.
attributes which are assessed in the present study‘ksee
Appendix C). Students are asked to respdnd ththese items
on a Likert'scale\with ;hé following response cateéories:

strongly agree, partly aéree,.partly disagree and strongly
-~ - .

Al

disagree. o o -

V. OQuestions and Hypqtheses

-

k rationale for the construction of the test items in
this study‘will_bé3developed,in Chaptef ITXI. Whether oé not

this rationale is a feasible approdbh'to;evaluatiOn in the .

. . “n ) ) ’ ) G,




affective domain of science education is the major question

which thi. . 0dy has been designed to éﬂéwe;. The validity
\\
and stabilify of the test items constructed on the basis of

this ratioﬂalé will be examined. This question will also be
discussed ih terms of the problems encountered when applying

N

the rationale to test-item construction.

Test-Stability: Test-retest correlation coefficients
will be obiaiged for the Test On Scientific Attitude and its

t vo subtesfs (Appéﬂdix,B).

Construct Validity: The validity of the test items
will be examined under the three componepts ofhéonst:uct
'validity (substanti#é, structural, ?nd extetnal) defined bf
Loevinger (1967, pp.‘92-108). These three components
incorporate the concépts of content, construct,'predictive
and concurrent validity.discussed by other writeré
(thnusSon, 1966, pp. 127-137; Cronbach and Meehl, 1955).
The concept of test hdmogéneity is also inéluded in the

b3

structural component.

1. Substantive Component: The contgnt validity of the
tést itens will bé argued‘on the grounds that. a‘ganel of
judges vlll be used to define the attrlbutes ine terms of
étndent behav1ors. These behaviors wlll be . Hlthln the
context of science act1v1t1es. A panel of judges vill ‘also

be used in selectlng the keyed response for eachhtesthiten.

2. Structural Component: Item anaiisis will be used f@}’




to provide an estimate of the homogeneity of the test

items. The empirical strﬂcture underlying the test jitenms,

as-indicated by a factor analysis solution, will be compared
T :

with the structure predicted from the behavioral definations

of the attributes. N

1

.3. External Component: The students were divided into
a high and low group (see thehdefinitiod of, terms) using
teacher ratlngs of classroom behavior. The rejection of the
follownbg null hypothe51s will lend support to the claim of
concurrent validity. )

& ' |

Hypothe31s I: There is no significant dlfference
between thé mean score of the low student group and the mean
score of the high student group on TOSA, CCS, ICS and ‘TOLI

vhen scholastic ability as measured by the Cooperative

School and College Ability Test (SCAT) is the covariate.

p

Correlations of test scores with teacher ratings will

also be reported.

Desc igg'vg Statistics: A number of descriptive
v statistics such as correlations, meens,;ind standard -
débiatione,vili~be reported for the_IeétIOn Scientific ‘
'«Attitude and the Test Of Likert Items. The folleving null

,hypotheses will also ke tested:
- "' N ‘ o ) - -, .
Hypothesis II: There is no significant difference

between the nean score of lales and the nean score of

P

=a—*femttes“8ﬁ“Tﬁsa, CCS, and ICS when the covarlates are

-



10
scholastic ability and reading ability.

Hypothesis III: There is no significant difference in
the TOSA, SCAT, and STEP reading scores between students

writing in the spring and students writing in “the fall.
~ ' VI. Delimigations

The present study examines only one apprdacn'to the
evaluatien of affective objectives (the rationale outlined
in Chapter III). This mationale will be discussed in terms
of its usefulness in the development of evaluation ' ' @
instruments. No attempt will be made to make a comparative

.

. evaluation of the rationale developed in this study against

some other approach.

.
The present study is confined to eight of the sixty- -

five attributes listed in the Nay-Crocker inventory. These.
eight.are critical mindedness, suspended judgement, respect
"for evidence, honesty, objectivitf, willingness to change

npinions, openrmindedness, and questioning attitude. These

eight were chosen because they are grouped together in the
inveLtory and because the development of these ' |
characteristics in students is generally accepted as an
important objectlve of science educatlon (Alberta Departlent

of . Educ&tlona 1970). Because thls is prlmarlly a

methodologlcal study no attempt wvas made to deal with the

i NS . i et 3 2 (A £

._" rond e e
numconpletewtnveutu.,. -

The present study.doés not investigate tRe problem of



/ ' 11
which teaching methods and materials are mostfapproﬁriate to
foster attitude development and change. Although the

importance of research into this area is recognized, these

topics are beybnd the scope of this study. - -
VII. Limitations

Because of the lémited sample (only grade eleven
chemistry and physics students will be tested), the present
study has limited value with respect to generalizabihgiy of
the results. But since this is basically a metEodological
study, the main question of interest is whether or not the
constructed test items accurately identify se;eeted’ |
characteristics of tbe;studehts in Ehe sample. The test
scores obtained in this study are not used to make
statements coﬂcerning the characteristics of science :
students: in general.3 Grade eleven science: students wef@

N

selected for the purpoSe of thls study because it w

that the g ‘ﬂtudes of these students would be falrly. f&éﬁ3”“

*i . ®
- stable.,™ . L %
L t I
i : , .. W
VIII. ' Experimental Procedures and Design  .* .» .

A 115t of behavioral objectlves was conplled for each
attrlbute and a panel con51st1ng of professors and graduate

students in sc1ence educat;bn in the Departnent of Secondary

e e s

Educatlon at The Un1!e;si&;»ei»ﬁ%betta”rxfed“éaéﬁ‘behav1or

in terus of its reLevance to a partlcular attrlbute @see the .

- 1nstructions to the panel 1n Appendlx D). The listeof
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behaviors defining each attribute was reduced on the basis

of the panel's responses. These behavioral definitions were

used as guidelines for the construction of test items.

TOSA (Appendix B) was administered to grade eleven r

| chemistry and physicé students'during the spring semester.
These students also wrote the Watson-Glaser Critical
Thinking Appraisal which is described in Chapter III and

\
TOLI (Appendix C). During the fall semester, TOSA was

- I3

®
administered tuice, over a three-week period, to a second
group.of grade eléven chemlstry and physics students.

" Teacher ratlngs (Appendlx E) were obtained only for those

students who wrote the test during the spring semester.

ks l_ . : ‘ . ) \
Hypothesis I vas tested by a one-way analysis of

covariance in which the factor levels are the high and low
student groups based on the teacher;rntings ann the
covarlate is general scholastic ablllty._ Only those
students who wrote durlng the spring senester were, 1ncluded
‘1n this analys1s. One-way analy51s of covarlance in whlch

schblastlc abllzty and readlng ability are the covariates

vas used to test Hypothe51s II. Hypothes1s IIT vas tested-

by the use of 1ndependent-sample t tests.

M 4

Factor ‘Analysis was nSed to exanlne the underljlnq

<3m

structure‘of the test 1tens, and 1ten analy81s Has nsed to

"study the propertles of the 1nd1v1dua1 itens. A nore |
Sy , . |

\ deta1led discnsszon of these experielental and analytzcal 2

i L
procedures appears 1n Chapter III. L
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' X CHAPTER II

Ri{{ew Of The-Related Literature

Al

The 11terature rev1eu presented in this chapter is

discussed undéf the following toplcs: definitions. of the
. T ) |

affective ddﬁain,'critical discussion of behavioral

. o K ,
objectives;/gechniques ¢sed in agtitude measurement, and

.specific sq@énce-attitude scales which have been developed.
I. Defining the Affective Domain

Introduct10n° The set of bbjectiées which are

generally class1f1ed within the affective domain involve the

development of 1nterests, attitudes,. values, appreclatlons,
and adjustgents (Bloom, et. al., 1956, p. 7). Various

.approaches\to Categorlzlng, summarlzlng -and deflnlng this
LA

‘
'set of objéctlves are dlscussed belou.

:‘(\
: <

J ' | | o |
. A Tax g _1 g; Affective ObJe yes The taxonony of -

faffectlve oquctlves in educatlon vhlch was developed by
Krathwohl; Bloqn, and HaSIa (196“),15 a general- *
c@a551flcatlon scheme, that is, 1t.1s not deflned in terms
of\@ny one sub;ect area. ;Thls taxonony deflnes the

affective dénaln in terms ofpa valulng systen. The tern

~aw~vutuiﬁvwfﬁfefs*fo Ehe tendency to recognzze certain objects

oz‘activ1tre n be1ng 16rthy of an 1nd1v1dual's attentlon. '
$ F}

n

, The taxononyghas flve lain categories and each of these is
\ :
subdlvided furt?ex. These categOrles descrlbe 1evels of f

internallzathn of values proceedxng fron sxlple awareness

R E o o . R g .
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of stimuli, to the formation of values concerning these
gz{muli, fo the inclusion of these-%?lues in ap overall

__philosophy of life. . . e
The authors provide a number of examples of objectives
‘under each category and they also provide examples of test

. > . Pl . -
items to .determine whether or not these objectives have beﬁn

met. However, most of these examples deal)uith art, music,
< t 3

_ and literature apprec1atlon. There areéonly occasional
examples from science. A possible reason for this -
preponderance of objectives reievant to the .arts may be that
these objectives more readily fit 1nto the c1a551f1cation
scheme‘of the taxonomy tham do the affective objectives in

science. Thls may also be an indicatiohn that this scheme is

not readily applicable to the defﬁiition of affe

objectives for sc1ence ed@cation.

" Eiss (1968), in his report on the NSTA conferences on

scientific literacy, describes an attempt to mdke use of the
categorieS’in this taxonomy in summarizing the affective

’ . J - o . .
_characteristics which define a scientifica ly literate

-person. Theée characteristics are listed under the

categories of auarenegs of conditlons, acceptance of qalues,.'

'

~and preference for values. Hovever; the progressive
'epinternalization process described by Krafhuohl and his co-
;3 authors 1s not de-onstrated in these llStS. The distinctionf
.;between the three categoties is not clearv, Porluxa-ple, the'T

i following tvo statelents are guito slnilar in neaning.‘y S
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~

N )

"recognizes that the achievements of science and technology
properly used are basi¢ to the advancement of human welfare"
and "realizes that science is a basic part of modern
li#iﬁg". The first one is listed under awareness of
conditions and the second one is listed under acceptance of
. -
values.’ Characterlstlcs listed in one. category do not
always have a corresponding characterlstlc at a different
level of internalization in the other two categories..The
‘participants at the.conference vere not able to identify any

objectives at the higher levels of the taxonomy of affective

objectives. . : -

The above attempt to apply the taxonomy to sciencer
objectives is a further indicatiop that the affectivev e
objectives in°science education do not readily lend |
‘_themselves'to the‘classification schene oufiﬁned io the

taxononmy. C o
VAR ‘ '

“In thewinitial discussion of the three domains of
educatlonal objecthes (cognitive, affectlve,\and

_ e
ﬁpsychomotorL,#;hemaffece*¥e~domaxn“v5§‘d fined in terms of;hv

d1nterests, adjustuents, attltudes, apprec1at10ns, and values v

(Bloonk\%r. al.,

1956, p. T),' Thege categofles,were not
‘used in the later'developnent of'the taxOnOly of affecfive |
.fobjectives because the authous of thls taxonony felt that
:the varlety of neanings assoc1a‘ed wlth these terls rendered
,theu 1nadeqnate to serve as a -basis for the constructlon of
adcontinnul-(xraggyohl, ggfs;g;,,;19§4,;p- 2#), ,H°"9'er'

..

. -, : .‘ ‘.- . . » ‘i - . . . _1 ..‘ “ ., - . . ‘ - - ' » . \

~



%?y and CtockeT (1970) claim that these t

uite specifically if they are considered

-

3. science work. Tgéir approach to the defi

affective domain in science education is

~§ﬁext section.

.;ﬁ';‘-ﬂ&‘
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erms can be defined
‘1D the context of
nition of the

presented in the

e The Affectlve D;\hln pefined 'in Science: Nay and

el ARE SRl - S aesor SR aEa = em—_—— -

—

-

éhocker (1979, pp- 61 62) have developedsan inventory of

.afféctivé‘attributes of sCientists. This

. , . ‘ e |
ipterests, attituadés,.adjustments, apprec
vhich scientists are geueréii expected.t

their work. This list v%s complled throu

e

) 8
rev;ew of the llteraturevon the nature an
q e

.

Hlth scientists.

They feel that these attributes -are
by the nature of scientific inquiry and a

definable forvsciEntists", and that these

sc1ence and from 1nformat10n obtained thr

i/s a list of

3
/

iptions, and values
5 .

o demonstrate in

gh an extensive

¢ philosophy‘of

|
ough 1nterv1ﬂv

{
.

"primarily dictated

re operationally

a}x;ibqtes are.

’ ok - - . 3 : )
~fundamental to a person's decision to bez@ scientist and

to his ‘work ‘as a scientist. They coqtend‘tiat these - s

.
. .

attributes ‘are essential to the phrsuit o]

9

¢ Therefore, students should\be led %o(unde

51gn1f1cance of theée attrlbutes to the's

-

Hork and should also be-eqpouraged to denm

4

attributes in theirdovn activities. If t
AL

deflned 1n terms of student behav1qrs,daﬁ

f science.

rstand the
c1entlst 1n,hls
onstrate these

» i .
hesg "attributes are
e

1yst ‘of behavioral .

4 ‘Jeveloped from this

AN
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inventory.

A complete distinction betveen attitudes and
adjustments is ncot made in this‘inventory.' Nay and Crocker
have identified a set of operatiopal adjustments, "behaviors
which underlie competence and success in science", and‘'a set
of intellectual ad justments, "behaviors which are
foundational to the scientist's contribution to or
acéﬁaﬁéy:;\of new scientific knowledge". The term attitude
is associateo with the list of intellectual adjustments.
The attributes which will be examined in the present study

are listed in this cateqory.

\

The application of this inventory to the present study

- *

is discussed in Chapters I and III.

Definigg Attitude: The definition of attitude as a

predisposition to respond in some preferential manner with
respect to some cbject or situation'ﬁﬁi been widely accepted
for several years (Allport, 1935;.p; 8; Fishbein,‘1967,‘

o. 477; Rokeach, 19EB, p-. 112) %t is also generally
accepted that att1tudes'are learned from experiences
involving the attitude object or iétuetion.\ However,’there
is some disébreéme?t conceroiné the various components of
vhich attitudes are cohprised. Rokeach defines attitudes in
terms of three cbmpéiehts (cognitive, affective, and
behavioral). These three components represent‘knowledge
about the attltude object, a tendency to take a p051t1Ve or

[
*

negatlve p051tlon toward the attltude object, and some type
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u é tr/‘ RS ﬁ
1"£% é%det att;tuhe as a *
19

E RN O f
unldlmen51onal 7’ﬁcg§%§})ln ﬂks deflnltlon, attitude
/s

‘of observable act?}ﬁ riﬁh gfct to the attitude object.
b 0

A
VAR

represents only the, teﬁdehcy to take a positive or negative
position tovird the attitude object. He defines beliefs as
knowledge about the attitude object, and behavior as the
overt action stimulated by encounters with the attitude

«

object.

Nay and Crocker define two components of the affective
0
attributes listed in their inventory. These correspond to
the cognitive agd behavioral components defined. by Rokeach.
. The cognitive component represents the student's
understanding of the role of the scientific attributes in
the activities of scientists. The behavioral component

represents the tendency for the student to demonstrate these

attributes in his own science work.

In the. present sfudy, a multidimensional approach
incorporating the concepts pfésé;tgd by Nay S‘Crocker and
‘Rokeach will be used to define three components of the
attributes in the.Nay~Crocker in#entory. Rokeach's terms,
"affective component" and "behavioral component", are
éomewhat’hmbiguoqs when usedAin the context of this study. -
the term, affective, has already been used to refer to a set
6f‘attribntés of scientiéts vhich have been extrapolated to

the affective domain in science education. Since these

attributes will be defined in behavioral terms, this is a

¢
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behaviors should be 1n1t1aked and the desired |1

19

possible source of confusion with Rokeach's behavioral *
n ,

component.

To avoid confusion which might arise from the dual use
of these terms, Rokeach's_three components will be referred
to as the cognitive, idtent, and action components in this
study. The cognitive component represents the student's )
understanding of the significance of tﬁe éttribute to the
scientist in his work. The intent component represents the
student's tendency to show approval or disapproval of
behaviors which define the attribute. This will be
indicated by éhe student's endorsement of specific responses
in situations relevant to the attribute. The action
component refers to the extent to which the student actually

demonstrates the behaviors which define the attribute if

placed in a position to do so.

IT. Behavioral Objectives)
J

Behavioral objectives are educational objectives which

describe observable behaviors that students are expected to

'demonstrate as a result of part1c1pat10n in a planned

act1v1ty in the classroon (ncAsham@ 1970, p. 8). Objectiveé
stated in terms of student behaviors are alsa referred to ﬁ;
instructionai objectives (Eisne:, 1969; Mager, 1962; Pophanm,
1969) . Mager (1962, p. 12) insists that behavioral

objectives also specify'the conditi®hs under which the

jnal 1eve1

of ‘learner performance. Pophau (1969, p. 35) at,jfs that
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these may be useful additional considerations, but he
stresses that the most important criterjon which must be met

is the specification of observable student behaviors.

Popham (1969, p. 37) claims that general objectives
vhich do not specify student behaviors are of "almost no use
to the fehcher". Plowman (1971, p. xxvii), on the other
hand, féels that behavioral objectives are not inhe;ently
better than non-behavioral objectives #nd that all types of
.objeétives (general and specific; behaviofal and non-
behavioral) coﬁtribute to the overall planning of
educational activitieéﬂ General objectives can be very
useful in guiding long-term planning to provide a common
themé in a teacher's approach to teaching a.particular
subject or unit. However, Plowman recognizes that .
objectives must be translated into observable and
measuréable functions befbfe they can serve a usefui‘
diagqostic,‘prescriptive, and evaluative pﬁ;pose in the

direction and asbessment of learning. .

Eisner (1969, pp. 14-15) nakés a distinction between
‘instructional (behavioral)‘objectives'and,expressive
objectives. ‘Hﬁydiscusses behavioral objectives in terms of
their application to cutriculum‘develqpment and revision.
~Desired student behaviors are defined. Materials and A
activities which are predicted to be useful in developing

these behaviors are ‘then selected. ‘Revisions are made on

‘ ‘ P -
‘the basis of the results of evaluation designed i#g determine

1
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the extent to which the behaviors are achieved by students.

Expressive objectives describe an educational situation
which includes a problem, and a number of situations and
tasks‘related to the problem. The objeétive is the outgome
which results from student participation in these
situations, but the expected outcome behavior may not be the
same for all students. Por example, not all students would
be expected to give the same interpretation to a piece of
litergture. Eisner feels that expressive objectives are
particularly épplicable to the arts. He expresses a fear
that the use of lists of prescribed outcome behaviors may
éause the teacher to miss opportunities to pursue open-ended

situations arising in the c¢lassroom and to neglect the

individuél differences of his students.

In his discussion of the litera£ure on behaviofal
objectives, McAshanm (1970, p. 6) states that the main
criticism agains£ the'use.oflbehavioral objectives is that
some teachers may beconme alégnated because of thé degree of
sPecificitylréquired_in the writing process. Haberman
" (1968, p. 93) cléims that excessiveependence on -behavioral
.objectives may cause those objectivés and subject areas
J . : . :
which are most easily.spécified'iﬁ behavioral terams to be
given undeSeFved p;oninence. In particular, the qumationu
of generalizafionf iéy Be neglected and thé,develsghén% of
skills may be overemphasized, | | :

Most of the criticisms of the use of behavioral
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objectives take the form of objections against soleluse of

‘ behavioral ebjectives and toial disregard for non-behavioral
objectives at all levels of educational planning. The fact
that objectives are steted in behavioral terms does not
necessarily mean that they are better or more important than
non-behavioral objectives, In his summary of the objections
against behavioral o;jectives, McAsham (1970, p. 7) points
ou{ that those individuals who criticize certain features of
behavioral objectiYes also admit some‘of their advantages in
research, curriculum development, and classroom °
instruction. Hovever, behavioral objectives muet alveys be
vritten-at an appropriate level of specificity so as to
avoid unrealistic andjiméractical objectives. Lists of
behavioral objectives should be screened and appropriately

'

grouped so that long lists of trivial behaviors are got
v

included.

If spec1f1c,behav1oral objectives are assoc1ated with
broader, general objectlves, they may become more meaningful
and may gain greater acceptance by a greater namber of |
people; This apbroach wlll be used in the present study..
Each objective wlll be stated at tvwo levels. For example, a
’generalvobjectlve is to encourage students to'denonStrafe
‘euspended jndgenent‘ih science work. Sdspended'jddgement
will then.be'defined in terms of stndent_behaviors. \This
objeétive can he.stated in the following way:' to develop

the att1tude of suspended judgenent by encouraglng the -

,student to generallze only to the degree justlfled by
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available_evidendence, to recognize conclusions as being
tentative . . . The complete list of behavioral objectives

defining suspended judgement is given in Chapter III.

When appropriate behavioral objectives were found in
the literéture, these were included in the initial list of
behaviors (Appéndix D)~submit¥ed to the panel for evaluation
(Diederich, 1967; Eiss and Harbeck, 1969; Obourn and .

Johnson; 1960) .
I1X. Techniques Used in Attitude Measurement

Thurstone'Scalgs: Much of the early work in attitude

peasurement was done by Thurstone (1928; 1931). He defines
opinions as the verbal expréssions of an attitude. An
u;ndividual's attitude toward soﬁe object or stiuation is
inferred from his opinions directed to that object or

situation.

The attitude scaleé which Thurstone constructed consisf
.of a list of opinion.statements directed toward some
>specific attitudg objeét. Each statement ié assigned a
number. An opinion stateément witﬁ a high number represents
a strdng positive position with reSpect‘fo the attitude
object. A statement with a 1oq.numh§&}indicates a strbng
negativé position. The most _positive ahq most negative
.stateﬁeﬁfs‘fron Thurstone'§ scale.oﬁ attitude toward negroes
aré giv¢n;be1ow with the correspdnding scéle falues'(Shau,

1967, p. 363):

»
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0.9 - The negro will always remain as he is - a little
higher than animals.

10.3 - I believe that the negro deserves the same

social privileges as the white man.

The respondent is asked to mark those statements with
which he agrees and his position with respect to the
‘attitude object is indicated by the'average value of the
numbers assigned to the statements that he has marked. Data
collection and analysis procedures used to assign scale

values to the opinion statements are discussed by Thurstone

(1928, pp-. 82-88) and by Torgerson (1958, pp. 159-246).

Thurstone's scaling procedures have been widely
accepted and extensively used in attitude measurement.

. /
Thurstone has developed a sound theoretical and mathematical

foundation to support the analytical procedures which are

-

used in the calculation of the scale values.

g In.the coﬂstruction of a scale by the procedures.
“outlined.by Thurstone, a uQidimensional attitude objeét is
assumed. Therefore, a large number of scales would be '
required to identify all of the dimenéions of the affective
domain in science education. Since a considerable amount of
vork is required on the part of the respondents who provide
- the data from which thé scale is to be determined, the
construction of a large ﬁumbé; of scales‘naf'not be a

-

practical undertaking.

LikggL,Scalggaw The\attitude-neQSurénent technique

u‘developéd hyuLikért (1932) has been widely used and'a large’
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portion of the attitude scales which have been. constructed
are of thls type. This technlque also makes use of a list
of opinion statements regarding the attitude object.
Fespondents are asked to check one of the followlng
categorles for each statement: strongly agree, agree,
uncertain, disagree, and.strOngly.disagree. Eac‘afesponse N
is scored on a scale of 1 to 5 vnere stfong agreement with a
Positive statement and strong disagreement with a negative

statement are scored 5. Other response categories such as

approve-disapprove, like-dislike, etc. are also used.

A number of weaknesses of the;attitude‘instruments
employing Likert scales havejbeen identified. The response
biases associated with Likert scales‘are discussed . later in
this chapter. Responses of leert items may also be
affected by differing neanlngs whfch dlffefent respondents
may 1dent1fy ylth the response.categories. For example,
different respondents may assign different meanlngs to terms
such as»partly‘agree, strongly agree, sometimes, ofte :
etc. Although the response categorles are scored by :;teger
values from'1 to 5, no measures are taken’ to ensure that the
dlstances between these categories are con51stent across the
scale. Fqr example, the distance betueen strongly agree and'
agree may not be the same as the dlstance between agree and

uncertaln. These distances qay vary fron one respondent to

‘the next. ‘ | , S . » .
Semantic Differential:. This teChniaue requires the
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respondent to rate a concept on a continuum of opposites.
The positions along the continuum are assigned numbers which
usually range from 1 to 5 or.1 to 7. For example, science
is good.....bad. 1In this case, the space closest to good
would be assigned a value of 5. If the word science is

rated on a large number of such scales, a total rating can

be obtained. : }

©

The "semantic differential was initially designed for
the measurement of meaning (Osgood, et. al., 1957). Throogh
factor analysis, it was possibie to‘identify a group of
scales which uas‘strongly evaluirive in naﬁure. Some of the
scales included in- this group'are good-bad, fé&rtunfair; and
valvable-worthless. This set of scales has beeh'useo to
obtain a measure of attitude toward the church,.negroes,'anq .
capital punlshment, and lt has been suggested»that this set
éof scales can be used to obtain a measure of attltude

touards any. spec1f1c object (Osgood, ef. a;., 1957, pp. 189-,

216) .

»

Thls approach is not’ approprlate for the present study,'

because the 1nformat10n obtained is not directly related tO‘

the classroon 51tuat10n.. &éerefcre, thls 1nformatlon nay' k\"ﬂf'“

: have only llmrted usefulness 1n the prOCeSS of curricnluns

gevelopnent and evaluation.

- . : [ : . S .
. S e . . e S
- E -

r__;hg_. tgoﬁg' In addltion to the three technlguesv ,
ualready nentxoned Oppenhell (1966, PP~ 120-156) and Sha(

(1967 pp. 21 32) discuss a nulber of 1ess colnonly used
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methods of attitude measurement. These include
questionpaires, interview schedules, and various indirect
techniques such as’ sentence-completion, picture-

interpretation, and word-asso

r-choice
queétions have clso been used in attitcae measurement. ﬁere
" the respondent nust choose between two equally erroneousl
alternatives to a question. One alternative errs in a
favorable direction with respect to the attitude ‘object

vhile the other alternative errs in a negative dlrect;qn.

Response Biases Associated With These Technigues:
. - -

Various te are subject to certain response

FLiases. e individuals have marked tendencies to

give a ce lof response regaraless\pf the content of

the questid ach, 1946; Cronbach, 1950).  In these

- cites ‘a number-of research studies to
4

-¢§\
Zents. Acquiescience refers to the tendency

articles, Cr
-support <his ;

to respond w ’lke rather than dislike, agree rather than

disagreé;lfr; ather than false, etc. Some individuals /

/3

shov‘d great' tendency to go to extrenes. This tendency -

a

uill affect responses on the senantlc dif erentlal and on

Likert scales.l The leert scale, is also subject to the

-

”,-tendency ta relalgg?nconlltted resultlng i sone 1nd1vidnals‘

Vgiv1ng a large nunber of "uncertaln" or "uhdecyded"

7v:esponses. This response bias may be avolded by deletlng l

Pt

N the uncettain ocjf"decided category fron the scale.“ Open-

}ien&ed techniqu”' ﬂh as sentence-coupletlon,_and pictnte-'

'1f1nterptetion“li huhject to the bias of inclusivaness.



Some individuals tend to write down everything'tRat they
: ‘ ‘ .
know and feel while others write down only a selected

quantity. e

4

Discussion: The position taken in this study is that,

since attitudes are. defined as predispositions to some
preferred response.with respect to the attitude object, an
individual's attitude can be inferred from his endorsement
"of certain courses of‘action in situations‘relevane to the
attitude object. A test-item_fo;néi\which is appropriate
for this appfoach is a multiple-choice item in which the
stem describes a situation relevant to the attitude object
and the distractors describe alternate courses of action.
» The test items in TOSA (Appendix B) are of this format. 7
fOLI (Appendix C) has been included in tpisustudy 80 provide -
a EOnparisson of Likert-scale items uit&-testfitems of the -

above formet{

Iv., Summary of Research on Attitude Measurement

In Science Education ‘@

|
14

. Te gndg_gtagdlgg Sciencé: The intention of this
test vhich vas developed by Klopfer and Cooley (1961) 1s to .
neasure understandlngs about the nature of the sc1ént1fxc

.entbrprise, sc1ent1sts, and the nethods ﬁnd alus of SC1ence.

H

feA 115t of themes are descrlbed to provaﬁe deflnitlons for

\-ﬂh

these three dllensions.‘ The test 1tems in, thrs test are

)g four-altetnative, nultiple-ch01ce 1tJ:§l _; R

A R S S

<
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A panei of’consultants was used to establdsh the
content validity of the test items and of the themes; The
va}idity~of the test items was further demonstreted in a
study involving a group of students who were in actiye
contact with working scientists ovef a tdo-month period.
‘This group of students plus a control group, who did not
interact ulth sCcientists, were tested at the beglnnlng and
end of this two-month period. The experimental group shoved
a s1gn1f1cant galn in their test scores vwhile the-control
gtoup did not. The KR 20 rellabllity ‘coefficient reported
_for form X of this test is 0.76 for a sample of 2535 high

school students wvho wrote the test during the fall of 1960.

R 2

5

~.phis test has been extensively used in research studies.

which have attempted to identiff factors'uhich'mighx foster

the deVeIopnent of student understandlngs of -science,

sc1entlsts/’and science processes. :The Seventh Mental

e gggsurg?epts Yearbook {(Buros, 1972, p. 804) c1tes thirty-

three studies which make use of TOUS.’ .

v

A Test To Me asure "The Scientific Attitud "°v Noll

—— ——

(1935- .1936) develoPed a test to négsure the followlng
characterlstigs vhich he,deflned as 1dent1fy1ng "the
sc1ent1f§c attitude“- accuracy 1n openatlons, 1nte11ectual
honesty, open—nindedness, suspended judgenent looking for

true cause apd effect relationshlps, and crlticalness. The‘l-

' guestlons-in thls.test are-lalnlyjtrue and false guestlons.‘

.

e

i'FoIlOvingfefe éghelekanples,froi.the_test:5
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\
Evolution is something I don't care to know
about. " o ,
Pe®ople with red hair are usually ill-tempered.
If one of my teachers says a thing is so, it must
be so. ’ ¢

”

Other questions require thé student to record observations
from diagrams. Some multiple-?hoice questions are also
included. Noll ;e;orts phe‘split-half réliabiltiy-'

coefficieﬁé of 0.80 for the 135-item test based on a sample

bf‘383 students from grades eight to twelve. . -

L]

Kahn (1962) used this test in his séﬁdy on the use of

cdurrent events in science to develop scientific attitude.
A . ! * . .

%be author of the present.study was not able to find any

‘ o
ogher studies in which this test was used.

NG
TN

Projective Test QOf Attitudes: Lowery (1§66) makes'uSe‘

of indirect techniques to measure student attitude toward.
science, scientists and science processes. He does not
provide\aetailed definitions of the above. The test

consists of three subtests. The first subtest is %¢y§§d~

B

association test. The second subtest is aibicture—

interpretation test in which students are shown a picture
%4 ) . (.-)
and are ‘asked to describe what lead up to the scene, what is

hhappeding in the scene, what the feelings of the characters
arefifnd vgat the‘oﬁgé%me will be. The following are
exampies of the type of pictures used in this fzst; a

student meeting é'SCientisi, a student reading a scijence
. » T - o ‘®

headline, and a student looking at some laboratory

equipment. ° The third subtest is a sentenée-completion

. PR
. I W N o
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test. Fof example, "The field of science is ........ " all
three subtests contain questions in all three areas. The
test is subjectively scored by rating each response as
positive, neutral ér negative. The author of the present
study was not able to locate any examples of the dse.of Shis

test in research.

An Inventory Of Scientific Attitudes: Moore and Sutman

(1970) define three intelleétual‘aftitudes (based on sone
knouledqe 6f the attitude object) and three emotional
attitudes (based on feelings or émotional reactions) toward
science. Each attituée is stated both positively and

' negptivély: An example of a positive, intellectual attitude
is "The laws and/or theories of science are appfoximations
of truth and are subject to change.".vAn example of a
positive emotional attitude isg"Science is an idea
generating activity. It is‘ﬁévéted to proyiding‘
explanations- of gatnral phenomena. 1Its value lies in its

theoretical aspects®™

' The test consists of sixty opinion statements related
to ihe‘attitudes referred to in ‘the above paragraph.
Students are require& to regpond to each statement on a
Likert scale consisting of thé following fo;r reéponse
categories: agree strongly, agree mildly, disagree pildly,
disag;ée strongly. -Tﬁe validity of the test was

demonstrated in a study involving a control group which
‘ i

Ty

received regular classroom finstruction and experimental

»



groups which received instruction directed toward the
development of the attitudes measyred by the test. The
means of thd pre test and post test scores were tested for
each group’by the use of correlated-t tests. The control
group shoved a significant drop from pre test to post test
wvhile the experimental groups showed significant gains. A
test-retest correlation coefficient of 0.93 was obtained for
the tuenfy—three students in the control group. Following
are examples of statements from this test:

There is no need for the publié to understand

science for scientific progress to occur.

A major purpose of science is to produce new drugs

and save lives.

One of the most fmportant jobs of a scientist is

to report exactly what his senseg tell hinm.

Scientists do not have enough time for their

families or for fun. §

"Lauridsen and LaSheir used a revised version of this

test in their study of the effect of ISCS on affective

L -

characteristics of students. Other examples of .the use of

this test in research were not found.

A Science Support Scale: This scale which was

developed by Schwirian (1968) is based on Barbgr's (1962)
summary of five cultural values which he considers to be.
conduc1velto the developnent of p051t1ve scientific
attitudes. These five values are rationality (acting on the
‘basis 6f .available evidence), utilitaffagiSl iinterest in
natural phenomena): universalism (judglng scientists only on
the ba51s of their guallflcatlons), individualisam -

(commitment to individual conscience), and meliorism
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(acceptance of the benefits of science). The scale consists
of forty opiﬁion statements designed.to measure an )
individual's subport of these values. The five Likert-
response categories range from strongly agree to strongly
disagree. A neutral cétegory is included. A split-half
rel%ability coefficient of _ 0.87 is reported for a sample of
196 non-science majors at univerisity. Claims for item
validity are made on the‘basis of consistent item to total
score relationships. Following are examples of opinion

statements from this scale:

The skepticism of the sc1entlst should be limited
to his work.

In the long run, man's lot wlll be improved by.
scientific knowledge.

Those who have a history of mental isllness cannot
be trusted to do 1lportant scientific work.

There is no place in science for sexual deviants'
such as homosexuals.

The questions which are really important to man
cannot be ansvered by science.

3

The author of the present study was not able to locate any

examples of the use of this test in reaseach.

\

Attjtudes Toward Science and Scientific Careers: Allen

-

{1959) deteloped‘a scale to measure attitudes toward science
and scientific careers. This scale consists éf ninety-three
opinion ;tatenents‘ﬁhich pertaih'to,characteristics of
scientists, the nat&re of sqience vérk and tﬂé contributions
of science to mankina. The Likert reséonsé cétegofies used
in this scale are co:bletely agree, partial ag:eenent)

neutral, partially diShgree, and totally disagree.
. A

Folloving are exanples\pf statements from this scale: -
. \ B : :

A
\



Science is not sufficiently appreciated by host
people.

Science is a systematic way of thinking.
Scientists are seldom concerned with their working
conditions.

Scientists have unusually intelligent mothers.
Friends often discourage girls from taking high
school dcience courses.

The author of the present study was not able to locate any

»

examples of the use of this test in research.

Discussion: Most of the tests described above have
fairly high reliﬁfility coefficients and reasonable éttempts
to demonstrate test-validity’have been made in most cases.
However, some of these tests make use of Likert scales and
. are subject to the response biases associated with this type
of scale. Cronbach (1950, p. 4) claims that the effect of "
response biases may result in spuriously high reliability
coefficients. That is, the test items may be consistently

measuring the response hias rather than the dimensions which

they were designed to measure.

The major criticism of these attitude scales that the .
presen£ study has to make is that 4he definitions on which |
.these‘scales are based are usually too general to serve a
useful purpose for cg;riculum developmént. "This ofteﬁ
results in-an attemp; to include a vide'variety of
diﬁen;idhs in one iest (interest, procesSeS; values,f s
" attitudes, and knowledge aboutlthe.chaiacteristics of

scientists).

qﬁfy'and Crocker (1970, p. 65) criticize the above

-



science attitude scales because behaviofal objectives wvere
not used in defining the dimensions of the scales, because
the scales do not discriminate between the affective and
cognitive component of the attitudes being measured, and
because the content often does not adequately represent

classroom situations and experiences.

35



\ Chapter III

Experimental Procedures And Design

I. A Rationale for the qustruction of the Test Items

Introduction: The following points were discussed
briefly in Chapter I under the backgreund of the
problem: puirpose for evaluation of the achievement of
affective objectives, choice of a set of ohjectives to
defihe the affective domain in science education, definition
of the objectives, and selection of an appropriateAtest
format. A survey of the literature related to these topics
[}
was presented in Chapter II. The followihg elaboration of
the points made in Chapter I, with reference to the relevant

ideas . in Chapter II, provides the rationale for the

construction of the tests items in the present study.

Purpose of Evaluatlog- The apprdach taken to test-item

[ -

Construction in the present study was influenced by the
position of evaluation in the overall model for educat10nal
’planning illustrated in Figure I on page 36 (Engman, 1968,
p. 87). The model incorporates'eialuatioh as a check'on'the»
_effectlveness of the methods and mater;als used at phase II
in achieving the objectlves defmned at phase I. The
evaluation provides information to guide the analysis and
revision represented at phige Iv. If thls 1nforlat10n is to
serve a- useful evaluative purpose; the objectives at phase I
must be stated in teres of observable student behav10rs.

36 ’ ’.‘ | ‘ . PO
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PHASE 1T

Affective Objectives
-affective attributes of
scientists stated in terms
of student behaviors

Consistency
PHASE 1V PHASE I1
Analysis Appropriate learning
and . &— > | experiences based on
revision -] the stated objectives

Consistency

PHASE III

Evaluation o
~cognitive component
-intent component
-action component

o
s

FIGURE I, A Model for Educational Planning
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This point is generally supported by the literature on
behavioral objectives presented in Chapter II. As is
indicated later in this enapter( the first step in the
present research is te obtain behavioral specificationslof

the affective attributes.

The present study does not investigate phases II AND IV
of fhe model. Regardless of what objectives‘a teacher has
in mind andAthe activitiee used in the égience classroom to
achieve them, students will develop- certain attitudes. |
Therefore, it is possible to eknmine methods'of>identifying
those attitudes which a given group of students pbssess‘
without investigating the dynemiee of attitude development

and change. ‘ N

Selection

of Affective Objectives: The Nay-Crocker
inéentory of affective attributes of scientists (Appendii A)

.
is used in this study as a sumﬁary of general affective

objectives for science education. Following are examples of -

how these general objectives can be stated- to‘deVelop an
understanding of the relatlonshlp betueen sc1ence and
technology, to develop object1v1ty in 501ence work, to
develop a desire for understandlng of natural phenomena, and
to develop an apprec1atlon for the strengths and 11n1tat10ns
of science. The present stﬂdy is conflned to elght qf the
'.ttrlbutes lxsted under the headlng of attltudes or

i 1nte11ec%?al adjustlents. These are object1v1ty, open-'

llndedness, honesty, suspended judgelent (restraint),

Y



respect for evidence (reliance on fact), willingness to
ichange opinions, critical mindedness, and questioning
attitude. Since the present study is basically a
methodological one, no attempt was made to dﬁal with the

" complete set of attributes. These eight were‘selected ,¢§
beca&se they are generally accepted as desirable objective§%
for science education (Alberta Department of Eduéation,
1970 énd because they are grouped together in the inventory
under atgitudes. There is a la;ger foundaéion of research
‘ph attitude measufement than on the measurement of values,

"appreciations, etc. The process‘by which the objectives
have-been‘defined iﬁ more specific terms 5; outlinéd in the

s )
next section.

Definition of the Objectives: Definition of the
objecti§e$ ih_behévidfél terms is consistent with the“main
. purpose of evaiuation’expressea‘above and is‘also cénsistent
~with the approach to_;tfitude measurement taken in thigj
study (discussed below under test-format). In his
discussion of behavidral objeétives,sucksham (1970, p. 4)
indicates thatf"The_prinary réasons for the cﬁrrent emphasis
upon.vyitiné Behavio;al objectives-are“to;‘,(1) aid iﬂ
cﬁrriéhiun plénning, (2)"pr6note'incrégs€& pupil |
\'échiévenent;:dpd‘(éybiuptove‘the techniqdés and, skills of
prégraﬁ evaluation", |
: e Ve

.-

{ ‘ . ) ‘ . ) ' . . ’ .’J . )
xfliSt of -behaviors. defining ‘each of the attributes was

"_,-rqonpiied; .A'panel coﬁsisfingibf 3 faculty ﬁenbérs and 8
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gradhate students in the Department of‘SecondAty Edﬁcatioq
at The University of Alberta»rated‘eqch'behavior on the ,
scale Of-0‘1f2 in terms of.its importance in defining a
specific attribute. The instructions to the panel members
and the original 1list of beha:iors are given in Appendix D.
The distribution of the panel responses and a total rat1ng

for each behavior are 1ncluded in thai appendix.

The decision to retain a behavior in the final
definition was made on the basis of the total rating given
to that behavior and the dlstrlbutlon of the ratings for .
that behavior. Aftarta general 1nspectlon of the
distributions and‘t;tals;‘the decision was made to retain
all behaviors with a total of foufteen or larger. Behav1ors
which recelved a total rating of thirteen were also 1nc1uded
in the final definitions if the distribution oflratings -
shoved a consensus among the panel members. For exaqple, a

behavior with a distribution of 0 9 2 was included while a

behavior with a distribution of 3 3 5 was not included.

The 1ist of behaviors retained to deflne these o
attrlbutes are listed beL‘I with the. distribution of ratings '
o .
for ;;ch/behav1or. The flrst column contalns the number of
panel members who rated the behav1or to be triv1al or not
related to the ,attribute under which it is llsted. The
second colunn contalns the nunber of panel lenbers uho rated

. the behav1or to- be an 1mportant defining character1stic of

‘the attrlbute.v The. third dolumn contains the nunber pf

7
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panelvmemberg‘th ‘behavior to be a very important

defining ch 3 Fthe attribute. The fourth column

plus é,tines.

ad N

A student demofNNNNs critical mindedne

0 110 21-1 jor . inconsistencies in statenents and

1 6 4 14 -c A ts a number of authorltles vhen seeklng

0 3 8 'or emplrlcal evidence to support or
' jct explanations
1 6 4. 14 y questions starting what, where, why,
, A how
1 2 8 18 -chal es €fhe validity of unsupported
state
A student demonstra fsu pended judgement 1£estr§ig;L uhen
he: .

es only to the pegree justlfled by
_ avai le evidence
1 3 8 19 -collé€ts as much data as p0551b1e before
‘ i drawing conclusions
1 3 7 17 -recognizes conclu51ons as being tentative
0 9 2 13 -consults several authorities (texts,
' periodicals, people) before dravlng conclusions

A student demonstrates respect for evidence 1re;_a ce on
fact) when he: o . 7 .

/

0 2 9 20 -looks for enplr1cal evidence to support. or
, "contradict explanations
1 7 4 15 -collects as much datagfs p0551b1e before
o draving conclusions
5 16 -demands that explanations fit the facts
.20 -demands supportive evidence for unsubstant1ated
statements - N
5 6 17 -supplies empirical ev1dence to support ‘his
|, . statements : i

o oo
N
O

A student denonstrates honegtz when he:

. 3

0 2 9 20 ~repotts ohservatlons even vhen they contradlct ~
’ ‘his hypotheses , »
-0 ,6 5 16 -acknovledges ‘work dgpe by others

Tl qk_sv 16 -con51ders all available information’ uhen’

N | . ' M »
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forming generalizations and drawing conclusions
ol < . _
N
\

A student demode&fate 19&3__t vity when he:

0 0 11 22 -considers all available data (not only that
portion which supports his prior hypotheses)
0 3 8 19 -reports observations even when they contradict
' his hypotheses
0 7 4 15 -considers and evaluates ideas presented by ’
others :

1 5 5 15 -examines many<;IEes of a- problem and con51ders )

several poss1ble solutions
0 7 4 15 -considers both progzand cons when evaluatlng a .

situation . R o J
4 c : ‘
A student demonstrates willingness ;o change opi ions when
he: ' ‘ ) ‘
) N . -
1 3 8 19 -recognizes conclusions as. being tentative
0 8 3 14 -recognizes that knowiedge\le inconplete
0 7 4 15 -considers and evalua es ideas presented by
o others’
0 3 14 -evaluates evidence vthh contradlcts hls
& hypotheses \ £
2 9 20 -alters his hypotheses vhen necessary to

% accommodate empirical data

Al ° .
I \ .
I T ‘\
- . .

. : \ o
A student demonstrates gpen-mindedness when he: }

0.7 4 15 -considers and evaluates ideagv

, others .
0 7 4 15 -evaluates evidence whlch con#alicts his
‘ hypotheses 0 Ry o

1 5 5 15 -considers several possible opt10n§ when 3
‘ investigating a problen.

0 5 6 ??b«con51ders both pros and cons when évaluaglng a -

sltuation'

A»

o 7 18 -looks for 1ncon51stenc1es 1n statenents and
conclysions

LU - B~ B - I

-9 2 13 -~consults a nunher of anthorltles vhen se@ 1ng
. . . . information
5 6 17 -looks for eup1rica1 evidence to support‘ﬁr 3
_ . contradict explanations =, “"..
2 -7 16 -asks many questions startlng who. what, where,‘
L0 ~.why, when atd how = i
2 '8 18 -challenges the valldity of unsupported o \

statelents L TP o



The behaviors which were retdined7£ ;define critical

>
mlngedness are the same as those retained to define

qnesthglng attltude. For the remainder this study

critical mlndedness will be used to refer to this Spl of
be;aviors. This 51tu;tion also applles to objectlvlty and
open- mlndedness. The ternm object1v1ty ¥ill be used to refer
to the set of behaviors defining these two attributes.

Disciplined thinking, which is included_in Appendix D, is,

not included in the above list because test questionms to

{ ~ o

&

measure this attrlbute vere not constructed The behaviors
‘which were’ 1nd1cated to be deflnlng characterxstlcs of
dlsc1p11ned thlnklng-appear to be process orlented. Por'

' exanple, organlzatlon of data‘and d15t1ngu151ng betvween

nd relevant and non~relevant data.

\ ‘Qgsegig g of gg zest ZOrng g_ in g_'gQQSent ;f,
c tegxz Nay and Crocker (1970, p. 65) c;xtic1ze>exlst1ng“*'

not used in defining the- dlnensigpsth the scaleS';
the scales do not discrinxnate betUQEn the affectiv ?3,"

o cognltlve couponents of the attlxudes b91ng leasured, an‘ag _~'

(4]

hecause the content of the scales often does not adequateIYQ&

:epresent classroon s1tuat10ns and experlences..\attenpts

have been nade to deal v1th the above points in fhe present

e . . \' . -

study. | v S -,.e e

The behavioral spec1flcation of the affective

objectives 1n th1$ stngy is cqnsistent Hlth the definltibn_fi

< ; ¢

LR I . o : ’ - o F S : . B T v B :~ : . . . : ‘- ’ ;
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of attitude presented in Chapter ¥. Attitudes were defined

, £ o .
as'predi§bo§itions to some prefepred response. The approach

to at‘fiude méasurementwtaken in the present Sgud§ is that
an individualls aﬁfitude can bg inferred from his or her
endorsemént of various courses of action in certa}h
situatipns relevant to the attitude being measured. The

test-iten format used in the pfesent study. is a multiple
. 'v
choice question in which the stem presents a situation and

the distractors are four d%fferent courses of action

pertaining to the situation. One of the courses of action
Lad . ? - .

(the keyed response) is consistent with one of the

‘behavioral/specifications used in defining the attributes.

A

In the following question (question 2 from Appendix 1a),
the stem describes a situation from the point of view a

scientist and the four alternatives describe four courses of

-

action that the scientist could téke:

A scfence Taga21ne reports that a scientist
produced a “type of water that boils at 450°F under
one atmosphere of pressure. Another scientist
réading this report would probably

0,

A. belleve the report  if it was written by a

*  hifhly respected scientist. “

B. disbelieve the report because he would know
that water boils at 212°F under one atmosphere
of pressure. :

C. do experlments to try to prove that it was
_Wrong.

D. neither believe not disbelieve the report
until other scientists study this problen.

.
*

- <

: A .
Jhe keyed response for this guestion is D. .This alternative

is consistent with the behavior, consults several

aythorities (texts, periodicals,” people) before drawing
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conclusions.

The forty items which.wWwere constructed as a part of the
present study are divided into two subtests of twenty items
each - (Appendix B). The stems of the items in the Cognitivye
Component éubtest describe a situation which a scientist
might encounter in his work. The student is asked to select
the course of action which is most appropriate for the
;cientist. The qhestién given above is an example of a test
item from this subtest. This itenm is.designed to measure

the student's understanding of the role of suspended

judgement in influencing a scientist's actions.

The stems of the items in the Intent Component Subtest
pfesent a sitmation }hich the student may encounter in the
science classroom or in every-day activities. The student
;is asked to select a course of action which best describes
his féaction to this situation. The following question
(quéstién 24 from Appendix B) is an exaﬁple of an item frqm

this subtest: .

"Light travels as a stream of partlcles."

"Light travels as a wave."

If you came across these two statements in two

different science books, whlch of the following
*  would you do?

v

A. Ask your teacher to tell you which statement -
' to accept.
B. Check other sc1ence books for statements on
this topic.
C. Assume that scientists are not gertain as to
how light travels. S
“ D.* Accept the statement in the newer book.

The keyed response for this item is B. Th@s

I .



46

\

\
alternative is consistent with the behavior, consults a
number of authorities when seeking information, which is
listed under critical mindedness and suspended judgement.

., The twenty questions constructed for each subtest are
reported in Appendix‘B. The following list gives a summary
of those questions which were designed to measure each of
the attributesﬂ' ;;;ms 1 to 19 are from the cognitive

subtest and items 21 to 40 are from the intent:subtest:

Critical mindedness (questioning attitude) -
9, 19, 21, 24, 25, 31, 32, 36

Suspended judgement (restraint) -
v 2, 4, 6, 7, 11, 18, 25, 26, 27, 28, 34, 35, 37

Respect for evidence (reliance on fact) -
10, 1, 12, 14, 16, 26, 27, 28, 31, 32, 33, 38

Honesty -
3, 8, 18, 22, 33, 39

Objectivity (open-mindedness) -
8, 13, 15, 17, 23, 29, 30, 36, 40

Willingness to change opinions -
‘. 1' 3' q' 5' 6' 10, 29' 30' 37

When the items wvere writen, an attempt was made to
distribute the items evenly among the six attributes and
between the two subtests (CCS and ICS). However,Osince

serveral of the behavioral objectives defining the
“"’l

attributes are listed under more than one attribute, the

L)

questions based on these behaviors are listed under more
than one attribute. Another facfor contributing to the .
uneven dis;ribution of questioné among the'at£¥ibutes is
that the items were associated with only one béhaviof vhen

they were written. ..Closer inspection.of the items revealed
./ B " ‘
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, )
that, forilime questions, the keyed response was related to

one attribute while ofher alternatives were related to other

attributes.

A large amount of science testing material was surveyed
in an attempt to find test questions of the type described
above. This search was not very productive. Some of the
questions in the Test On Understanding Science (Klopfer and
Cooley, 1961) were found to be relevant to the Cogﬁitive
'Component Subtest, but examples of test items relevant to
the Intent Component Subtest were not found. Some of‘fhe
ideas in questions in TOUS were used in the construction of
some of the questions in the Cognitive Componént Subtest.
Although appropriate test quesfioﬁs were not found in the
science iiterature, some of the science materials provided
.ideas for situations on which questions were based (e- g.

Hedges, 1960; Klopfer, 1964) .

Summary ;g _gggeduig_ for Tesggitem construction: The

Nay-Crocker inventory of affective attributes of scientists
(Appendix A) was used as a framework for general affective

objeétives-for science'education, and the present study

a »

examines. eight of these attributes which are listed in the

»

inventory under the heading of attitudes. A list of
behaviors stated in the cont;xt of the science.classroom vas
coupiled’to define each of thg attributes. These lists were
ieduced on the bhasis of the Tesponses of a panel of judges
wvho indicated whether or pbf they felt thet each behavior

, el
r o
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vas relevant to the attribute under which it was l}sted.

Multiple-choice questions (TOSA) to reflect the
defining behaviors were then written. The sten of each
question describes‘a situation and the four alternate
responses describe courses of action which could be taken in
relation the situation. Each keyedAresponsé was designéd to
be consistent with one of the behaviors defining the
attributes. 1Initially, attempts were made to write
questions in which all four alternatives were related to the
same behavior, but for mosf questions this was not
pbssible. For some questions, the keyed response is related

’ )

fo_one of the defining behaviors, while some of the other

alte:natives are related to different behaviors.

‘The discussion in this chapter up to this point has
dealt with the rationale and procedures for the construéﬁion
_ . \
of the test items and a description of the test items vhich

wvere constructq§. The remainder of this chapter deals with

the procedures for data collection ‘and analysis.

I1. Data Collection
A ’ -

Population: The population.ffon which the sample was

drawn consists of Chemistry 20 and Physics 20 classes in the

_ Edmonton Public School Systen.

Sample: Selected Chemistry 20 and Physics 20 classes N

from two schools in the Edmonton Public School Systenm

parficipgteq in this study. Students from a third school

N L]
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O
part1c1pated in the pilot testing of the flrst draft of 28

N \

. test items. The number of students involved at each testing

is given in the discussion of procedures.

Measuring Instruments The Test On Scientific Attitude
(TOSA), the Test Of Likert Items (TOLI), and the Watson-
Glasef Critical Thinking Appraisal (Form Ym) were
administered to samples of students as a part of this

study. Student scéres on the Cooperative School and College
Ability Test (SCAT, form 3A or '3B) and the the Cooperative
Sequential Test of Educational Progress in reading (STEP
reading, form 32 or 3B). were obtained from the grade 9

récords at the divisjon of testing -and research of the

Department of Education in Alberta.

1. TOSA: This is a forty-item, multiple-choice test
which was constructed as a part of this study (see Appendix
B). The test has tvo subtests each of which is 20 items

long. The test content has already been discussed in this

/chapter under “the description of the test format. TItem 20
7 was not included in the data analysis because of a typing
‘error which ocnrred in the test vhich was administered to

»

the student sample. The test items aregscored 1-0 vith one

keyed response for each question., 1 pan%l of judges vas

used to conflrm the selected keyed responses.

2. TOLI: This test consists of twenty-five opinion
statements relevant:to the scientific attributes which are .

- bbing examined in the present study. The students are asked
A . : : ;
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to respond to each statement on a Likert scale comnsisting of
the following four response categories: strongly agree,
partly. agree, partly disagree and strongly disagree. Some
of the 1tems were selected from the science-attitude scales
discussed in Chapter II (see Appendix C). The remaining
statements were written for the purpose of this study. The
Yecommendations made by Likert (i932) and Oppenheinm k1966)
for the writing of opinion statements were followed in the

selection of statements for this test.

Traditional scoring of the Likert scale used in this

test would assign a value of 4 forbstrong agreemen{ with a

positive statemeﬂt and strong disagreemepnt with a negative
statement. .The remaining three responses would be_assigned
values of 3, 2, and i. However, it ﬁés felt fhat, for some
N
of the statements, partly agree or partly disagree ;ere more

consistent with the attitudes’ being measured. Statement 14,

"Yhen something is explained well, there is no-reason to
<

look for another explanation", is an -example of such.a

-

statement.
¢

s

‘ The response vwhich was assigned a vaiuelof 4 for each
of the statemeﬁts is underlinéd in Appendix C. 1If PA is
'assigned a value of 4, then SA, PD, and SD are assigned
values of 3, 2, and 1 respectively. This system.was applied
to all the statenents 1% thls test. .The response which was
assigned the valqe of 4 was selected on the ba51s of the

responses of a panel of judges. , _ &



]

e
| 51
L}

3. Watson-Glaser Critical Thinking Appraisai: This
test is designed to measure five aspects of criticél
thipking ability: ™ability to discriminate among dégrees of4
truth or falsity of ihfefences drawn from given data",
"ability to recognize unstated assumptions"”, "abflity to
reason deductively", "abili€y to weigh evidence", and
"ability to distinguish between arguments which are strong

and relevant and those which are weak or irreleyant" (Watson

and Glaser, 1964, p. 2).

The odd-even, split-half reliability coefficient
corrected by the Spearman-brown formula is 0.86 for a sample
of 2406 gréde 1M students.- The cérresponding coefficient
for various other groups ranges from 0.85 to 0.87. The test

e
N

has an average correlation coefficient of 0.73 with the Otis
Mental Aﬁility Tests: Gamma for a sample of 20,312 grade 9
to grade 12 s{uqénts’and a correlation coefficient of 0.66
with the STEP reading test for a sample of 318 grade nine
stpdents; The authors present confincing arquments for
content-and construct validity. The Seventh,nentél
Heasurements.fearbook (Buros, p. 783) cites 109 studies in

°

vhich this test has bifn used.

4, iSCAT: 'This test consists of a fifty-itenm verbal‘(
subtest and a sixty-itenm quangitative subteét. The verbal:
Suntest measures the abilify tb conpfehend‘the;sense‘of a
-sentence and the ability;to.attach‘meanings to isolated
, _udfds. The.quantitative.sﬁbtest ﬁeaSureSlthe ability to

il

Y
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X
manipulate numbers, the ability Q? apply number concepts in
computational situations and the’abilit?\tq\gplve
quantitative problems (Cooperative Test Division of the
Educational Testing Service, 1958) . Forms 32 and 3B have a
difficulty level appropriate for grade 9 students. THE se
two forms have been shown to be equivalent in that rae
scores from these two forms give equivalent scores when
cénvefted to the same standardized scale.

The KR-20 reliability coefficients/based'on a 'sample of
2880 grade 9 students is 0.93 for the verbal subtest, 0.89
for the quantitative subtes{,.and 0.95 for the total tést;
The total score, rather than the score on either subtest,
was found to be the most reasonable predictor for science
achievement. The predictive validity for science
achievement over a two year period (from grade 9 to 11) is

0 u3. The average correlation between SCAT scores angd

science achievement scores is 0.63.

5. STEP Readipg: This test measures the ability to
understand direcé Statements, the ability ta“interpret and
summarize a2 passage. and the ability to see the motives of
the author (Cooperative Test D1v151on of the Educatlonal
Testlng Serv1ce, 1957). Forms 3a and 3B are approprlate for
use at the grade 9 level. These two forms have been shown
to beAeQuiialent in that rawv scares  from these tud ferms |
give egulvalent scores vhen converted to the same

standardlzed scale and the tvo forms ha ve szm11ar

/
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~distributions of item difficulties. .

The KR-20 reliability coefficient based on a sample of

ﬂOB gréde 8 students is-0.90. The évérage correlation
, betveén.totél SCAT scores and STEP reading scores is 0.81

~ for samples of grade 9 studénts ranging in Si;e‘from 200 to

225.

ggggggg£g§.‘ The abbreviatious for the test names

indicated under the dlscu551on of testing 1nstruments above,

.are used throughout the present sectlon.
{

The'procédures'followed to-obtain behavioral
definitions of the affectlve attxlbutes and in the
constructlon of test items for TOSA have been discussed in

the present chapter under the.ratlonale.

The first draft of 28 test items vas administered to a
sample of 76 Chemistry 20V§nd—Physics 20_students'from onk
school in the Edmunton Public School Sysfen.' Students from
this school dxd not write the f1na1 draft of the test The
results of 1ten analysls, and student comments on the |

o

readlng level ‘of the test itenms, . possible ambiguity of/.

statements, aud reasons for selecting various responses were

used to 'revise some of these items. The information

obtalned from thls pllot Eun -vas alsp used ‘to gulde the

*cOnstructlon of another tvelve items ‘to made up the 40 items

t

;nvnppendix .‘ o 3 B ,‘\\

v ’ v - ‘ ) : . . /. . . .‘
"During the spring semester, TOSA and TOLI ’Her\‘

- i .
'
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administered to a sample of three classes of Chemistry 20
students and three classes of Phy51cs 20 students from two
schools in the Edmonton Public School Systen. 156,students
wvere tested. 13Zjof‘these students also wrote the Watson-
Glaser Critical Thinking Aﬁpraisalf The teechers of ;ﬂese>
Classes provided a rating.fon.each student to indicate_fbe
extent to which the student exhibited the behaviors definiﬁg
the affective attfibutes; This rating is on a fourfpbint’
scale for which a rating of 4 indicates frequent
demonstration of these behaviors. Only one rating on the
overall set of behaviors for ;he six attributes ‘as Obtained

for each student. The instructions to the teachers are

given in Appendix E.

SCAT (form 3B) ‘and STEP reading (fora 3B) scores for
118'students of this“sample wvere obtained from the 1970
grade 9 :ecords at the division of testing and research of
the Department of Education. The reading score is expressed
as a percentile . based oﬁ fhe total population of grade 9 |
students who wrote this test in 1970. For'SCAT, rav scores
on the verbal subtest (out of 60) and on the quantitative
‘sﬁbtest (out of 50) wvere obtained. These were added

together to provide a total score.

Durlng ‘the follqv1ng fall semester. TOSA was
adninlste’pd to a samgle of u classes of Chenlstry 20
students -and 3 class:j/gi Phy51cs 20 students from ‘the same

tvo schools (130 students). Three veeks follovlng the first
Ce



o)
}
adniﬂistration, this same sample of classes wrote TOSA a

Y second time (126 students). "The purpose of the second

testing was to provide data: for the calculation of a test- =
l‘ ' .
retest correlaticn coefficients. This second sample of
I
§tudpnts was necessitated because time did not permit a

tetest during the spring semester. 151 different students

‘urotk'the test during these two administrations and 105

i
1

students wrote the test twice. SCAT (formp3A) and STEP
readiug (form 3A) scores for 134 students of this sample ,

were obtained from the 1971 grade 9 records at the

.

ﬁepartment of Educatlon. Teacher ratings for these students

‘ 1

‘wbre not obtained.

4
"
%!

W L .
3 ‘__J
.~7?}7 The prééedures followed in the analysis bf the data and
/ "
the reasons for the inclusion of each step of-45% analy51s

C , III. Data Analysis

A

?ré d1scussed in this sectlon. The statistical tests and

q¢her analytic techniques which are used are also descri ed

- :
, " L ]
g ¥

b External (concurrent) Validitz: The high student group
i
-aqd the low student group (see defln}tlon of terms in . ;1

vhg?apter I) are used to examinefthe external valldxfz;gg

'Vfﬁxma, the two subtests of TOSA, and TOLI. Slnce these

’dugroups vere established on the basis of the teacher ratings,
1w

/
% nly students fron the sanple of 156 students vho. vrote

?,,/durlng the sprlng senester are 1ncluded in this ana1y51s.

%
Clains for concurrent validity vill be -ade if it can be

Y

;;% ghown that the hlgh.student'group scores 51gn1f1cantly o

*
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'higher than the‘lov student group on the criterion measures
(1054, its two subtests, and’ TOLI), that is, if the nuil
hypothesis (Hypothesis I in Chapter I) can be rejected for
the various. criterion measuresil Hypothesis I was tested bj'
a one-way analysis of covarlance w1th tvo factor levels
(high student group and lou student group). A separate
ana1y51s vas performed for eaéb of the four criterion |
reasures. Géheral scholastlc ablllty as asured by total
SCAT scores.is the covarlate in- these analyses.- "

Correlat1ons of test scores ulth teacher ratlngs will also

be reported.ﬁ\ o ? ) ' -
. . . . y
Analy51s of covarlance, rather than analy51s~of

variance vas used because the Students vere not randomly’

»

assigned to the two groups. In this 51tuat10n, analy51s of

-~

covariance can be employed ‘to renove potentlal blases in
_a551gn1ng studehthto groups.' (Hlner, 1962, p. 578). In

the case of the present sﬁudy, the teacher's ratlng may have

C e

been 1nfluenced by the tudent's scholastic‘eb111ty. In

analy51s of covarlance,. ‘dent scores are adjusted to‘
.o l\

account for any difference in schola 4C apility'which nay

exist between the two groups.

) Tl N —_———— e

/

The use o&henaly51s of covarlance in the present study.

‘as descrlbed ‘above may be sonewhat questzonable. EVen if’
students could be 1dea11y dlvided 1nto a hlqh and lov group

based solely on the characterlstics whlch.TOSA is designed )

«

to neasure, one - nlght expect thé hlgh student group to have

al

&t

N
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o

0 °

a higher general abflity rhan the low 'student grqup.'

" However, if it' can be de;onstrated that the scores on TOSA "~

‘are significently~different after'the effect of general

ability is removed,_the claim for the concurrent salidity of

- the test vill be that mach stronger“ | A

. i

There ;;e a number of assumptions snderlying the

dpplica{ion-of.analysis-of covariance. The essunpti?ns

underlying apalysis of variance also apply to the anelfsis'

of covariance, that is, the normal distribution of scores

and the homogeneity of variance among groups. The
dditiogél assumptions of .linear regression (homogeneity of
' reSldual varlance) and homogenelty of regress1on ‘among

gIOUES apply to analysis of covarlance. The use of the P-.

£l o ‘

. -test in the analysis of covariance 1s robust with respect to
v1olat10n of the normallty assumptlon and the assumptlon of

homogenelty of re51dgel varlance (Hlner, 1962, p. 586). In

the present stndy a test is made to demonstrate tﬁé

\

/homogenelty of withln-gropp regre551on.- The computatlonal

3

procedures invoived in-ihe analysis oficovariance are gi#en¢ o
Ain wlner (T962, PP- 581 594). The ANCV10 conputer progran
provlded by the DlVlSlOD of Educatlonal Research Services atQ :

3

the Un1vet51ty.of Alberta was used to do the'calculatlons.\

‘-

. " o . 1 ) ) . .
‘Qifgg ences Bgtween anples' The statistical technique ;
of t tests betveen 1ndepend¥nt’samples vas used to test for
: dlfferences in scholastic ablllty, readlng ablllty, and rosa

scores betveen the stuaents Iho wrote. durlng ‘the sprlng and

. . N
. . . o -
B . - Lt . .
° ° PR . - . v
- . YT v PR . + . R
. - veenet . . R B .
TR N e : R .
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t he studeqts vhp wrote during the fall (test of Hypothesis
I1T in Chapter I). The-results of thig analysas were used
to decide whether or not the two samples should be combined
for the itém analysis ‘and ‘the factor analysis d;scribed
below. A larger sample will provide ‘more stable
correlations for the factor analysis and the use of a large

sample will decrease the sampling error associated with the

liserial correlations calculated in the item analysis.

The computational ptocedures involved in this analysis

are given in Winer (1962, pp. 14-36). The test for

-

4
Lomogeneity of variance was also made. The ANOV10 computer

program provided by the Division of Educational Research

-~

Services was used to do the calculations.

Item Analysis: The TESTO4 program‘provided by .the
Division of Educationel Research Sefvices was used to ébtain
the following information for the test-items in TOSA and its -
subtests: percentage of students selecfing each

alternative, biserial correlations, KR-20 coefficients, amd

total-score distributions.

McNemar (1949, pp. 215—221) discusses the use of

biserial correlation coefficients to describe relationships

. .

between dichotomous and continuous variableé. The biserial

coefficient rather than the point-biserial coefficient is
used when it can be aséqméd that there is a normally-

distributed continuous variable underlying the dichotomy.

The assumption of linear regressiom is also made. McNemar

\]



indicates that the main issue to be considered %s the
question of continuity. This can be argued on {he basis of
the nature of the characteristic being measuréd. ‘In the
present study, it is not likely that all those students
selecting.the keyed responselare at the same level with

respect to the attribute to which the question is related.

Alt hough the biserial correlation coefficient is
theoretically free -from bias toward extremely easy or
difficult items (Gulliksen, 1950, p. 393), fhe‘sampling
error associated with this coefficient ié quite large if the
dichotomies are extreme (McNemar, 1949, p. 217). This
sampling error can be reduced someghat by the use of large

sample sizes.

The alpha reliability coefficient and item=to-total

correlation coefficients were obtained for TOLI. :The DESTO1

]
and DESTO02 computer programs provided by the Division of

Fducational Research Services were used for the

calculations.
/‘
/

Factor Anal§si§: /Factor analysis has been designed to
identify a set of undérlying or 1aten£ variables (smaller in
nunrber than the origihal set of observed variables) which
can maximaily reproduce the correlations between the

observed variables (Harman, 1960,'p. 15). A factor loading
€ . - *
natrix, in which_each variable has‘a loading on each factor,

is obtaimed.. These variable loadings are regression

coefficients for predicting variable scores from factor
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A
a- .
\

scores. If r factors are retained, these r fa tors
represent the orthogonal axes in an r-dimensiaqnal ;bace and
the loadings represent the projection§ of the variables on
these axes. These axes are rotated by a transformation on
the factor_lbading matrix to'give a gactor pattern matrix
vhich ideally has a few large loadings and a large nu?ber of
near-zero loadings. The group of variables which have high
loadings on the Same factor will be that set of variables
which are positioned close together in the r-dimensional
spacg. That is, fhose variables which are most highly

e :

cof}éiated with each other.

4

. \

The common factor model was used in the present study.
In this model each variable is considered to be composed of
a common and a uniqué part. Thé common part of each
variable is that portion of its variance that”i£ has in
common with the other variables iﬁ the domain of interest.
The communality of the variables is the squared multiple
corralation céefficient of that variable with all of 'the
other variables in the domain of interest. _sinée data is
not available for the complete set of variables in the

' .

domain, an estimate, rather than the exact‘value, of the‘
communality mcst be obtained. This est{%ate'c;n be obtained
by selecting an initial estimate (e. g. the squared multiple

! .

correlation of the variable with the other n-1 variables in
. | - .
the study) aqq then revising this estimate through iterative

procedures {Harman, 1960, pp. 68-92).
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In the present study, an unweighted least squares
method of factosing was used to obtain‘the factor loading
matrix. This procedufe utilizes avroots‘and-vectors
decomposition of the R-ﬁz;matrix and the final solutipn is
determined by minimizing one-half the trace of (R-R*) 2 where
R is the observed correlation martix and R* is the .
reproduced cofrelation matrix (Hakstian and Bay, 1972,

P.- 21). The R-U2 matrix is the covariance matrix of the
common parts of the variables. The off-diagonal elements
are the same as f%e off-diagonal elements of R and the
diagonal elements are the communalitlies ef the variables.
Since the test-iten scofes are dichotomous scores for which
'an.underlying continuum can be assumed, the.tetrachoric
correlation matrix was used. These correlationwere’
calculated by the cosine-pi formula, and are therefore

biased in the case of test items with extreme difficulty

levels (Fergusom, 1959, p. 244) .,

e

Since the dimensions of the Test On Scientific Attjtude
are not expected to be uncorrelated, the factor loading
matrix was rotated to an oblique factor pattern matrix. The
rotational‘pfocedure outlined by Harris and Kaiser (1969)
vas used. The decision to apply this method was made on the
basis of research vhich indicates that the Harris-Kaiser |
rotational procedure, when compared with ofher oblique
rotational procedures, cohsistehtly gives solutions which
more cioeely approximate simple structures (Hakstian, .

1971, | . ‘

LY
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8
The Alberta General Factor Analysis Program was used to

do the computation (Hakstian and Bay, 1972).

0

Other Test Statisticg: The results\for the s)mple of

105 students who were present for both administrations of
the test during the fall semester wgre used to provide test-

'rgkest cerrelations for TOSA and its two subtests.

Test means, standard deviations, and distributions were
obtained. Correlations between scores on TOSA, its,t;o
subtests, and TOLI and scores on SCAT, STEP reading and the
Watson Glaser Critical Thinking Appraisal were obtained.

The DESTO0S computer program providea B? the Division of
Fducational Research Services~was used in the calculation of

these correg@lations. .

»
s . )

’ .
Hypothesis II stated in Chapter I (differences between

sexes) wWas tested by a one-vay analysis of covariance in
‘which the two groups are male and female students and the
covariates are general scholastic ability as measured by

SCAT, and reading ability as measured by STEP.



Chapter IV

. Results And Discussion

The results of the present study are presented and
.discussed in this chapter in five sections. Arqguments
relative to content validity are presented in the first
section. The second section includes the statistical tests
for Hypothesié II and Hypothesis III stated in Chapter I,
and a number of geﬁeral stétistics such as means, standard
deviations, ahd'cofrelations. The results relevant -to
structural vaiidity are given in the, third section. These
are the résults of the item analysis and the faétor
analysis. Test stability is reported in the fourth

3

section. The tests of Hypothesis I are presented in the

. X .

fifth section under the heading of external validity. The
correlationg of the test scores with teacher ratings are

1)
also reported ip this section.

The fo}louing abbrefiagions are used throughout this
chapter to refer to-the tests wvhich are described in Chapter
I1I:

T0s¥ - Test On S’lentlflc Attitude

CCS - Cognitive Component -Subtest of TOSA
IC5 - Intent Component Subtest of TOSA |

TOLI - Test Of Likert Items
SCAT = Cooperative Scnool And College Ability Test
STEP - Cooperative Sequential Test of Educational

Progress in reading
WCTA - Watson-Glaser Crltlcal Thinking Appraisal.-

TOSA, CCS,‘ICS, TOLI, and WCTA scores are expressed -ia

EN

percent. ~STEP scores are percenti}es and the verbal,

14

63 ' ' 2
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qudntitative, and total SCAT stores are raw scores out of

60, 50, and 110 respectively.
I. Content Validity

The content validity of the test items constructed for
this study (Appendix B) can be arqgued on the basis of the
procedures that‘were followed in the sglection of the
attitudes {o be measured, in defining these attitdes, and 1in

the construction of the items.

Defining the Dimensions of the Test: The six attitudes
which the test items in TOSA were designed to meésure were
selected from a list of affectivé attributes which Nay and
Crocker (1970) feel should be demonstrated by scientists and
sciénce students. This list of  attributes was compiled on
the basis of interviews wifh scientists and a survey of the
literature-related to the nature and philosophy of'science.

The results of the panel-ratings which were used to
seiect behavioral definitions for these attributes are S
presented and discuésed iﬁ Chapter III. ;éEst items were
constructed to reflect only those behaviors which the panel”

indicated to be important defining characteristics of the

"attributes.

Item content And Scoring Key: The test items describe

sqiencé-telated situations in which the defining behaviors
could be exhibited. A wide variety of science geadind

materials were surveyed in search of ideas for behavioral



specification of the attributes and science related
situations on which to base the test items (e. . Diederich,

1967; Eiss and Harbeck, 1969; Hedges, 1966; Klopfer, 1964).

Three experienced science'teachers, two of whom were

-~

working towards a Ph.D. in secondary science education,
- examined the final oraft ofrtte test questlons to provide a
scorino key. Question 30 was the only question oh which
more than one member of this panel dlsagreed with the keyed
response proposed by the two people respon51ble for ’
constructing the test itens. For questions U‘ 19, 22, 27,
35 and 36, one dlsagreement\wlth the proposed key‘was
recorded all but three of these dlsagreenents vere
resolved through a dlscu551on of the 1nteﬂtlons of these
test items. ~Tae dlsagreements for.the'followrngfquestlons

wvere not resolved:

22. 1Imagine that you have just flnlshed a’ laboratory
investigation. Your measurements all-agree except
tvo. thch of the followlng would you do’
. A. Include the two odd measurements in your report but
omit them from calculathnﬁ.
"B. Adjust the two . odd measurements to make tbem agree’
" better with the others, .
C. Take more measurements. -
\ D. Use all the measurements as they are vhen maklng
calculatlons. d . . :

35. In an experlment, ‘'students blew throungh limewater and
noted that it turned milky. 'From this result, most of
‘them concluded that their bodies glve off carbon -
dioxide. Hovever, one girl wrote in her notebook that
since there is carbon dioxide in the’'air we . breathe,
the experiment proved nothing. Which ¢one of the - |
following best descrlbes your evaluatlon of ‘this

, statement? . )
'/T;A; The students vere justified 'in making their

M . . . . :
“ 4 ) e 2 - ¥

4 -
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conclusion.
B. The girl was justified in doubting the proof.
C. Neither side had sufficient grounds for their

statements.
D. Both sides were partly justified in their
statements.
36. "People born when certain stars are becoming more

prominest show the influence, of these stars in their
_ personalities." ©People who believe this:statement

.A.  probably have a spec1al ablllty to understand such

‘ influehices. "
-"B. are not ‘critical enough.
C. are m openminded than most people.

D. have 3 isregard for sc1ént1flc eV1d>nce.

v -

The,acéepted keyed response to the above questions are
‘underlined. One pahel member felt that .the keyed response

40 question 22 should be B.” The item difficulty’ for this

'question‘is 0”11~ ~The average soore on TOSA for those

students vho selected A is 20.7 out of 39 as compared with

A I

average scores of 20.6, 20 1 and 16 6 for those students who

selected alterhatiies4p,‘c, and B reéspectively. The
" biserial correlation’ for this question-mitﬁ the totaleﬁest_

(39 questions) is Q.OO?Aindicating.that‘this‘question is not

closely~related to the other queStions-infthe test. This!

questlon was de51gned to measure honesty in repontlng

.

 results. ROWever, responses C and D may be acceptable T

énswers aependxng.on the. number of’ observatlons‘uhich,were’

LY

takeﬁfhmd'the'extenteof the disagreement of thg'

_observatlons.‘ “The 1tem analysis 1nd1cates that. thls o

.

quest;on should be revised. A p0551ble rev1s1on uould be to.ixf

“ 1

;prov1de more 1nfornatgon and to make all the aLternatlves'

.

\more‘c;osely relgted to,report;ng of results;'

“ ! LT e [
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. One panel member felt quite strongly that the keyed
reSpoése to question 35 should be B. He objected to
students drawing their conclusion solely on the basis of
rhis experiment. However, the author of this research study
'feels that the presence of the word ™partly" in'alternative
D makes this an appropriate keyed response. Tgis question
was designed to measure the suspended judgement in
interpreting experimental results (generalizes only to the
degree justified by available evidence). The cifficulty for
this question is 0.50. The average score on TOSA for those
students who selected D is 21.4 out of 39 as compared with
an average score of 19.6, 19.0, apd 18.0 for those st:dents

who selected alternatives B, C and-A respectively. The

biserial correlation for this question isLO 35. These iten
+
. f -

statistics indicate ‘that this is an acceptable test iten.

x One panel member felt that alternativeg B and D were
equally acceptable responses for question 36. The author of
the present stddy feels that B is a more acceptable response

because. there is not a great deal of empirical ev1dence to

COntradlct this b611€f. The dlfflculty for this questlon is

0.18. The average é q@e on TOSA for those students who‘
selected alternatlve B is 21.8 od‘lof 39 as compared vlth
average scores of 20 2,.19 8 and 18.9 for those students who
‘_selected alternatlves D, C, and A respe@tlvely.. 'rb ) )

bisei.ﬁl correlatlon ﬂlr this questlon is 0 25. Althougb

the difficulty is qulte low, the other statistics for thls
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item are acceptable. 'This item was designed to measure
critical mindedness (challenges the validity of unsupported

v statements).

The panel described above also responded to the
statements in TOLI. For statements 9, 10, and 11, all three
panel membérs.disagreed with the keyed response proposed by
the two people resgonsible for writing and compiling the
‘statements in this test. The panel members responded partly

| ’

agree to these three statements while the proposed kéyed

response was strongly agree.

One disagreement was recorded for all of the statements
except 2, 6, 7, 13, 17, and 19. Most of these disagreements
vere recorded by one panel member Qho showed a strong
tendency to respond PA or PD. He gaVe'one of these
responses to eighteen of the twenty five statements. ehe
maximum number of PA or PD responses for any one of the -
" other four people involved was eight. It should be noted
&

that this same panel member agreed with all but two of the

proposed keyed responses for thé forty questions in TOSA.

-

§gggg£1: The content validity of the test items has
been arqued on tﬁé-basis“that the attitudes which thémtest
is designed to mea%ure vere selected from a list of u
affgg;}ve'attributes of scientists, the behavioral
sp901f1cat10n of these attrlbutes vere selected on the ba51s

‘of the -responses of a panel of -judges, the content of the

items describe.SC'ence—relatedrsituationé, and the content



|

- Hypothesis IIIbJa”&he above hypothesis stated for 'STEP

of the items is comparable with the ideas expressed in a
wide variety of science reading materials. The validity of
the keyed responses Has also been demonstrated-by a panel of

judges.
ITI. Descriptive Statistics A

The tests for Hypothesis II and Hypothesis III stated
in Chapter I and a number Qf means, standard deviatioq§, and

correlation coefficients are presented in this section.

Tests for Difféfences Betwee¥” samples: Two sambles
participated in the present study. Those 156 students who
were tested during the spring semesfer will be identified as
GROUP 1. Those 151 studéhts who wrote ‘during the fali
semester will be identifjed as GROUP. 2. The information
obt;inedhfor theie samplZs is described in Chapte; IIT in
the section on procedures. Independent-sample t tests were -
used to test the following null hypotheses: b
Hypothesis IIIa: There is no significant'différence between

the mean score on SCAT for GROUP 1 and the mean sScore

on SCAT for GROUP 2. © AN
'

scores.

Hypothesis IIIc: ‘The above hypothesis stated for TOSA

sScores.

If the above hypgtheses are not rejected, the test

,reSults for theftwo samples.will be combined for data

-analySLS deallng vith test results. whlch are avallable for

both groqps. Table I glves,the results of the F tests for

© '

.y;.

g ' . , ) 7
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differences between variances and Table II gives the results

of the t tests for differences between means.
o - .

Table I.

F TESTS FOR VARIANCE DIFFERENCES BETWEEN GROUP1 AND GROUP 2

TEST VARIANCE i DF F P
GRP1 GRP2 GRP1 GRP2

scat  182.7 209.0 117 129 1.14 0.46

STEP 201.9 96. 1 117 129 1.03 0.87

TOSA 106.5/.107.4 155 150 1.01 0.96
N,

L —— ——

Table II. .

T TESTS FOR MEAN DIFFERENCES BFTWEEN GROUP1 AND GROUP 2

———..------------_----------——-—-——-——------_‘—--—---—-——---——

TEST ___MEAN DF T P .

GRP1 GRP2

STEP * 65.2 64.2 246 0.56 0.57
TOSA 53.2 51.6 305 1.35 0.18

) Conciusions: Hypotheses IXIa, IIIb and IIlc are not
rejected. The neén‘scores'on SCAT, STEP, and TOSA for
GROUP1 are not significantly different from the mean scores

&
{P 2. The varlances of the GROUP 1 scores on SCAT,

ST:*  anﬁ TOSA are not sjignificantly dlfferent from the
‘yariances of the:GROUP 2 scores. These two groups will be
-tfeated és one dample of 307 students for the calculations
of some of the statistics repor%ed’below,'and f6r the itenm

v : . _
-and factor analysis of the test items in TOSA. -

B o _ : : ‘ : N
The use of the data for this larger sample for the'itenm

' r.

=
)
ke,
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analysis will reduce the sampling error associated with the

biserial correlation coefficients for items which: have

N
{

extreme difficultf levels (ncNemar,'19u9‘ P. 217), and will
give more stable correlation coefflclents for the factor
analysis and for Comparing the scores pn TOSA with other
test scores. Ebel-(196§, p. 273) reports evidence which
indicates that correlation coefficients for sample sizes of
300 are censiderably more stable than those for safjple sizes
of 100. This‘is particularly true for coefficients which
are lover ehan O.é * The correlatlon coefficients reported

+in Table v are based on the combined grosrs wvhere data are

available for both GROUP1 and GROUP 2.

)
The SCAT and STEP scores obtained for the students in

GROUP 1 are sizfes on form 3g{£ests v form 3A test
scores vete obtained for the studen s inﬁGRoué 2.. However, .

" these two forms of the SCAT and STEP tests gbve.been>shosn
to be equivalent (sge the diséf#ption of these-teSts under
measuring instruments in Chapter Iil)’ Ve cortelatiens
between total SCAT and STEP scores are 0.64 fqr GROUP 1 (118
students), 0.60 for GROUP 2 (130 students) and 0. 62 for the
comblned group. These correlatlon coeff1¢1ents 1ndlcate
that the scores obtalned for these two groups ere
‘comparable. | ' | | ,

h

L}

Means, Standard Deua._l..ea..,. aa_ges -and Distributions:
Y summary of the test wmeans, 'standard’ dev1atlons, and=rangesJ

of total scores is given 1nfTab1e III. All test scores are

- : ,__ .
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)
reported in peféént except STFEPR 'scores which are 3
percentiles, and SCAT scores which are raw scores. The
totals possible for SCAT are 60 for the verbal subtest
(SCAT-V), 50 for the quantitative subtest (SCAT-Q) and 110

tor the total test (SQATFT). Scorgs for the Watson‘Giaser
Critical Thinking Appraisal (WCTA) and the Test OR Likert
Iters (TOLI) were obtained only for thoSe students who wrote

during the spring semester., The statistics for all the

other tests are reported for the combined sample.

Table IIT.

TEST N MEAN STD. DEV. MIN. MAX.
------ r;-——‘z—'—-——~—-~—-‘-—'——-’°+—-———~—°‘—"'-’-—’-——————————
« . TOSA 307 52.4 10.3 21 9
‘¢ccs 307 52.8 13.9 16 8u )
I1¢s 307" s52.2 12.5 15 90
TOLTI 156 .83.2 6.0 " 65 96
. SCAT-V 248 43.2 8.5 18 - 59
'3 SCAT-Q 248 34.8 7.5 15 49
' SCAT-T 248 78.0 |, 14.0 30 1158
.. STEP 248 64.7. 4.1 30 9€ -
: WCTA 132 68.4 8.8 49 8€ - A
SV A P, g

The distributions of scores on 'TOSA, CCS, ICS, and TOLI

.are given in Table IV, The distribution for ICS abpears to ¢
: e

¢ ‘ ‘
be the closest approximatiop to a.hormai Jgstribution. The

mahner'in,which the Likertvitems are scored contributes\ to
. [ ]

- - A

N * . . . .
the tendency for the sco;és on this test to cluster about

‘the 80 percent'level;f Al]l responses that a student makes "

. '} 1 . - * .

. ‘ 14
.contribpute to his total Score on TOLI.

A

[



FREQUENCY ‘DISTRIBUTIONS OF TEST SCORES

e ———— ————— e —— e —— e

Correiat

combined samp

Table TV.

“

____FREQUENCIES ___ _
FRVAL TOSA CCS ICS TOLI
0-19 5 2 ‘
0-29 ~6 9 5
0-39 28 28 30
0-u9 81 72 69
0-59 127 a7 96
0-69 52 53 75
0+79 213 30 27 34 y
0-89 3 2 98 ~
0-99 ) 21
OTAL 307 307 307 156
ions: The correlation coefficients for the
le of 307 students are given in Table V. This
Scores for

table also includes the probabilities that r=0.

the WCTA and TOLI were obtained only for those students who

wrote during the spring semester.

The correlations bet

ween

these two tests and the other tests are given in @able VI.

Table V.

. CORRELATIONS FOR THE SAMPLE OF 307 STUDENTS ,
THE UPPER TFIANGLE CONTAINS THE PROBABILITIES THAT r=0

-

"TEST TOSA CCS ICs STFP ﬁCAT V SCAT-Q SCAT-T

TOSA 1.00 0.00 0.00 O. oohf‘ bﬂom 0. 11 0.00

CCs  0.80 "1.00..0.00 .00 --,0.00 0.00 ° 0.00

1CS  0.77  0.23 1.00 0.05 0.02 * w.e1 0.26

STEP  0.35 0.41 .13 .%.00 , 0.0Q 0.00 0.00

. SCAT-V  0.38 0.46 0.15 0.64 1.00 . 0.00 0.00

SCAT=-Q ~ 0.18 0.31 -¢.03 0.42 0.52 . 1.00 0.00

SCAT-T 0,33 0.44r 6.07 0.52  .0.89  0.85 1.00

S el -_— =
N=307 for the correlatlons in the first three rows.
N=2%g fo; the correlations in the last four rous.



. Table VI.

CORRELATIONS FOR GROUP 1
THE SECOND ROW CONTAINS THE PROBABILITY THAT r=0
THE THIRD ROW CONTAINS THE SAMPLE SIZE

TEST TOSA CCS TCS STEP SCAT-V SCAT-Q SCAT-T WCTA TOLI

TOLI r 0.37 0.37 0.24 0.27 0.35 0.16 0.30 0.36 1.00
p 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 CG.00
\ 156 - 156 156 118 118 118 118 132 156

WCTA r 0.41 0.45 0.26 0.57 0.59 0.49 0.62 1.00 0.36
p 0.00 0.00 0.017 0.00 0.00 0.00 0.00 0.00 0.00
N 132 132 132 107 107 107 107 132 132

The correlation of 0.23 between the tvo subtests of

TOSA (CCS and ICS) tends to indicate that these two subtests

are not measuring the same characteristics. Thi§

" correlation is considerably lower than the odd-even, split-

half correlation for fOSA'(O.MO),

R

The tests constructed for the present study (TOSA, CCS,
ICS, and TOLI) have fairly low correlations with reading
s \
ability and general scholastic ability. - In fact, ICS scores

have a zerao correlation with both the quantitative and total

SCAT scoresy The correlations of these tests with the

Watson-Glaser Critical Thinking .Appraisal are'also quite
J : JEEERN . . .

low. Again, ICS has the lowest correlation coefficient.

High correlations were not expected because the Critical

~ Thinking Appraisal. was designed to measure abilities (see:

-

the description of this test in Chapter III) while the tests

constructed for this study were designed to measure

attitudes: )
. ” N
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The Test Of Likert I'tems was included in the present
study to provide a ceomparison between test items of the
‘Likert format and the multiplé—choice items in TOSA. The
correlation betwecen TOLI awnd TOSA (0.37) 1s surprisingly low
since statements were included in TOLI only if their content
was similar to the content of the questibns in TOSA. A

possible reason why the two tests are not more highly
A\ .

.corrélated may be -that each Statement in TOLI is considered
Seﬁarately from the othérs while each alternative ‘in TOSA is
considered in relation to the situation described in the
ste#”and in relation to the other distractors. It is also
possible that the response biéses_associated with Likert

ijtems (see Chapter IT) may have had some influence on the

'

udent scores on TOLI.

4

igfeggggé;?\\i'bne-way analysis of

covariance in which the factor levels are males and females

- 4 , . .
and .the covariates are scholastic'ability as measuréd by

o SCAT and‘reading ability as measured by STEP was used to

test.Hypotheseg IIa, 1Ib, and IIc. Both reading ability and’
schdla§tic_ability are used as covariates because the males

in this sample have a  higher méén SCAT score but a lqwer.

> - .

mean ‘STEP store. 'ThetnuliriypotheSes are stated below:

Hypathesis IIa: There,is no significant difference between
the mean score on TOSA for male students and the mean
score on TOSA [for female students when scholastic \

«ability and reading ability are the cdvarijates.

. .

Hypothesis IIb: The above hypothesis stated for-CCS
scores. * e

' *
LY i B -
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Hypothesis IIc: The above hypothesis stated for ICS
sCcores. .

The results of these analyses are. given in Tables Viyi, VIII

-

and IX.
Table VII.
ANALYSTS OF COVARIANCE ON TOSA SCORES
MALES VS FEMALES ' i
SOURCE DF MEAN SQUARE F P
Between Groups 1 4,25 0.04 70.83
Frror 24y - 95.9
..—--——'-~——~——-—-————‘._._.__,._’—‘—'-7*—-—«-——————‘_..__-———----:——--—————-——-——-—--—:—————
\S ———___GROUP_MEANS . _____
AMPLE .SIZE UNADJ ADJ SCAT §TEP
MALES 157 51.9 52.0 78.7 62.7
FEMALES 9 52.6 «52.3 76.6 68.1
R ——— i __
- 1 4 ‘ '\
. ’ \
. Table VIII..
ANALYSIS OF COVARIANCE ON CCS SCORES o
% MALES VS FEMALES '
\ SOURCE . DF MEAN SQUARE F- P
(3 Between Groups 1 - 278.8 1.82 0.18
. Error, . 244 15390 ] \

o ‘o ___GRoup MEANS_______ | .
SAMPLE 'sIZE  UNADJ ADJ SCAT STEP
—————T s ——— - - -t - (g i > O e g - Sl D P et fae o - -
MA LiRS 157 S51.4 51.5 78.7 g 62.7
FEMELES 9N 53.9° .53.8 76.6 ’r/\ﬁf”
— - R — B

. ) ‘
) - . .. -
’P,. ‘ ’




Table IX.

ANALYSIS OF COVARIANCE ON ICS SCORES
MALES VS FEMALES

@ e e — o ——— e = - e e 4 - - - e e e
__._._____--.—_._.——_—-._—__._________ﬁ_._._._._._—_._——_._-_-__,.__-_.—_—-_____.

. N
SCUERCE DF MEAN SQUAPE F P
Between Groups 1 131.8 0.83 0.36
Frror 244 159.5 N
o ___GROUP_MEANS ______
SAMPLE SIZE UNADJ ADJ SCAT STEP
MALES 157 '52.3 52.6 78.7 S 62.7
FFMRLES 91 51.4 51.0 76.6 68.1

e —————————————_—_——————— e T

. In the above analyses, the probabilities that th%¢.(
assumption of homOgeneitY of regression’ is satisfied are

0.54, 0.€1, and 0.69 for TOSA, . CCS, and ICS respectiveiy.
‘ s .
Conclusions: Hypotheses 1Ia, IIb, and IIc are not

A ]
rejected. The mean scores for female students on TOSA, CCS, *
. 3 ! . .

and ICS are not significantly different from the mean scores
for fmale students. The adjusted means.and the unadjusted
means do not dlffer very much becausé the effect bf the two

: . . . o ) ¥ .o
covarlates are in oppasite directiois. .

»

IIT. Structural-validity

Two aspects of the structural validity of the test

items constructed for this study'arg examined in this
gection. The properties of the individual items and the
fést-homoggpeity.are discussed in-the light of the results

‘of 1tem analysis. Fac&or ana1y51s is used to examine the

. -~ ‘

underlylng sfructnre oi the test 1tems in TOSA.
. N .

LI . :
B - . : - . < p)
. A . .

, -
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»

Item Analysis: Item analysis was performed on TOSA,

its two subtests, and TOLI.

1. TOSA: The percentage of students out of 307 who -

cho 5@ each response is ¢given in Appendix B. Students were

éflowed sufficient time to complete the test and all of the

students responded to all of the questions. Most students
)

required between twenty-five and thirty minutes to write
TOSA. Most of the alternatives proved to be aCfebtable

istr@otofsf Oout of the 156 alternatives anallyzed for the

thirty-nine questions, seven alternatives received less than

three percent of the responses and none of the'disxractors
were completely ignored. Most of the distractdrs that
received one or two percent of the respo;ses are in
questions with difficulty/level¥ of 0.80 or higher. It is
possible that ‘the nature of the sémplé\whiﬁh was tested qax

bave contrlbuted to raising the dlfflCultY level of some of

‘the easiep gquestions. Chemlstry 20 and Physics 20 are not

-

compulsory courses. Therefore, most of the stuﬁents
: S : .
registered in these courses will be tdking‘the“%ourse
-

\J

tecause of thelr interest in the‘subject.. Also, a certain
ampount of screenlng is done before students are allowed tO‘
. 'g'

S R *

The item dqifficulties and biserial correlation

“l

take these courses. ‘ ! ¢

RS S

coefficients are sumlarizéd in'Table'X; Question‘20—yas~

“x

-cmltted from the analy51s because of ayfyplng error which
4. SR

occurred in the test copy adm1nlstered to the stndents.

' . . - : . ! .
- : e \ - R
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Eiserial correlations for each test item with the total test
score (TCSA) and with the two subtest scores (CCS and ICS)

are giﬁen in Table X.
-

The item difficulties range from 0.11 for question 22
to 0.87. for questaon 26. Twenty-seven items have an ltem
difficulty level between 0.25 and 0.75. Seven have iten
difficulty leveis higher then 0.75 and five have item.

A A

difficulty levels lower than 0.25.

Questions 19 and 22 have a zero biserial correlation
coeff1c1ent with TOSA and questions 1, 8, 1%, 38, 39, and 40
all have Coeff1c1ents less than 0.25. The biserial

correlation for item 22 aith‘iFS is 0.24. This is a

considerable increase over 0.07, but is still quite low

since there-are only )9 items in this 'subtest. .The §ESerial
correlation for item/19 does not show any significant

calculated for CCS. The biserial

incr 'Uhén>it i
correlations for questions 8, 14, 25, 38, and 40 increase

'considerabl} vhen calculated for the subtest to which they

R )

. v
belong. The biserial correlations for questions:1 11, and.

39 increase only sllghtly when calculated for the subtests.
The blserlal correlations of the itens wlth the subte*
_scores ylll be spurdously hlgh because of the Small numbers

:of 1tems ﬁ? these . subtestsu However, mosg_afﬁthen,are above_

40 30 and shOuld be satlsfactory. L . o W

«
e ivmeary



Table X.

.DIFFICULTY LEVELS AND HISERIAL CORRELATION$
'FOR TEST ITEMS fN TOSA

‘80 .

. 'DIFFICULTY . BISERIAL CORRELATIONS "
ITF,I:'\ ’WSA CCs ICS
T T T T T T T T T T I, s sy Y | anfinaiie Badieafiii it e Attt et
-1 0.85 0.22 ~0.2Y
2. 0.61 0.37 -0.36
3 0.59 0.34 0.49 .
34 0.52 0.27 * 0.27
5 0.66 0.40 ~ Q.46
‘ 6 0.55 0.44  -0:16 :
7 0.52 0.47  0.54
. 8 0.32 0.23 " 0.37
‘ 9 0.82 0.41 0.43
1Q 0.80 0.60 0.60
® 1 0.5u 0.22 . .0.25
e R P 0.55 0.33 0.42
3 0.22 0.29 . 0.41
14 0.40 0.21  0.35
- 15 0.26 0.25  0.38
16 0.50 0.30" 40.37-
17, 0.58 0.42  0.57
18 0.42 0.41 0.52
19 . 0.18 0“81 0.08 -
C 21 0.20 029 0.32
22 0.11 0.Qh 0.24 ;
23 0.37 T 0,27 0.33
24 0.64 0.27 0.35
25 0.35 0.21. 0.30Q
;26 0.87 0.65 - -0.63"
;27 0.58 0.32 - 0.38"
28 0.68 0.36 & 0,47
© 29 0.60 0.38 0.46
30 0.49 0.35 & 0438"
31 0..81 0.34 - _g
32 ' 0.86 0.48 0.62
33 0.85 0.51 N O0.uu
e 34 0.39 0.37 0.41
35, 0.50 0,34 ~0.38
-36 0.18 6.25 - 0.29
- © 37 0.39" 0.27, 0.41
. \ 38 0.56 0.19 o 0.33,
3 0,56 0.20 YT 0.27
"‘uo 0.34 0.15 0.34 \.F‘
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Examination of question 19 which is given below
indicates that it may be a trick question, and the reasons

tor choosing the keyed response may have little in common

with the attitudes being measurged.
Which one of the fgllowing is NOT an important reason
why scientists ¢ften repeat experlments reported by
other scientists?

A. A scientist could be so intent om finding a
specific answer that he might subconsciously
observe only what he wants to see 1in his
experiments. T

B. This helps to keep scientists careful and honest
vhen making observations and reporting results.

C. Other scientists might give # diffenent
interpretationr to the same observations.

D. The«first scientist @ight overlook a s;gnlflcant
variable in his expgriment. A

C is the. keyed ‘response because giving different
. " - N C T g . . he / ’ g
interpretations to the same observations, is not a reason g4

for repeatiné the éxperiment;_;The second scientist fould i

- €xamine the results reported by the first scientist§ﬁ 

v ‘ " "v('"

This question 29“1d possibiy be changed to be more K

consistent  with the other questioﬁs byffeplacing alternative‘
A )

£ wlth a dlfferent dlstract, @hdﬂ§51nqﬁhlternat1ve B 'ag the

e

> ﬂi

yn theg Houl be con31stent with
A

the behav1drs which deflne honesti That is, sclentlsts

keyed response. The quest1

——

~*l shou1d~not regulre thls type, of chedklng_tq demonftrate

fl

honesty in repontlng results. i ' v ;

¢ T A - . v 4

Questlon 22 vhlch is glveu below has’ two apparent
x}éaknesses. ""'* . A i

. . N 7

P

Iﬁagine that you have ]ust flnlshed a laboratory
investlgatlon. Your measurements all agree except
- , - o L : . - v ST e
Lo S - R IR
' ,': 14 : . N . ! . 3 ' , "“..;".



two? Which one of the following would you do?

A. Include the two odd measurements in your report but
' opit them from calculations.,

B. Adjust the two odd measurements to make them agree
better with the others.

P

C.- Take more measurements.

D. Use all the measurements as they are when doing
' calculations.

¥

1

 The nost appropr%ate alternative would depend on the.

.

nunrber of originabd Obseriaiionsmtaken and on the deéree of
\\\the dlscrepancy. This item appears to be somevhat'process
orlented. The situation described in thls question is
.relagedlto hcnesty in_reporting data, but %hefwording of the
sten ane the dtstractﬁrs to;be used must be q{anged to be

more consistent with the intent of the item. -

2. TOLI: This test was administered only to the' 156
students who vrote during the spring semester." The
perCentage of students Selectlng each alternative 1is glven

in Appendix C. Out of the tventy-ihve questlons in this

Ed f

v test, two alternatives received’no responses, six

-

alternatives recelved one percent of the responses, and

three’altérnatives received two percent of the responses.
4 .

The percentage of students selectlng those responses that

< were assigned a scale value of 4 range fron~31 to 93. oOn
b <

" the Test Of leert Itens, a greater proportlon of the

alternatlves received few responses thap on the mult1ple~'

ch01ce test.

3
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4
.Table XI gives a list-of the prodyct moment
Voo
- correlgtions between the test items and the total test.
"scored
- N
Table XT.
i _ITEM TO TOTAL.CORRELATIONC FOR TOLI
IPEM CORRELATION ITEN CORRELATIQN ITEM CORRELATION
1 ~ 0.20 ) 10 0.16 18 0.17
» 28md 0.31 11 0.2 © 19 0.38 .
a ¢ 0.38 12 0.30 20 "0.38
4 0.34 13 0.37 - 21 0.19
5 0.36 14 0.27 ’ 22 0.48
6 0.27 15 0.38 - 23 0.4
7 0.3% - 16 . 0.u2 . 24 -0.26
8 0.23 ‘ 17 . 0.44 25 0.30,
9 0.37 ‘ '
NP _— e — -
) < J v

The probability. that the correlation coefficient for ~

, . ] _
item 23 is zero is 0.09. The other correlations are all

51gn1f1cantly dlfferent from zero. Following is a list of

those statemensts u1th -low correlations v1th the total: test

score:

i

P——

1. ¥When a scientist is shown enough evidence that onk

of his ideas is a: poor one, he should. change it.
10. Many ideas thCh s¢cientists tlnd to be useful may
... not be entirely correct.
- 11. It is necessary to questlon perlodlcally the ba51c
- truths of scjence, =
18. A personm should .pot make up his nind untll he has :
.. collected -as many facts as possible.
21. Once .a person-makes up his mlnd he shoubd be
: xeluctant to change it. .
23... vhen-making decision about drinking alcohol ané
~ . .smoking, personal.preferences are more important
) than the results of sclentlflc studles.
@ . -\‘\ v .- | )
T gg_s_g'mvg\enelm KR-20 cpefflclents for TOSA ccs,

<~

9

and ICS,'and the alpha rellablllty coeff1c1ent fot‘QOLI are

[}

~.5u V -



_ &cueflng the abOVe KR- 20 coeff1c1ents. The effect of the

»

\

| v .
contrlbutlng to the measured homogenelty. ,

84

given in the following list:

TOSA - 0.55
CCS 0.45 )
ICS 0.39

TOLT - 0.57 O

s S
.
~ .
4

The KR-20 coefchients for the two subtests are lower

than the KR?ZO coefficient for the total test.. Houever, the-

" above coefficients indicate that the—tyo subtests are

»

SIigHtly more.homogeneous than the total test. If‘2Q'
questions were selected from the total test at.raﬁEEEf(;;;

mlght expect the KR 20 cOeff1c1g£t for these 20 questlvns to

drop below 0.39 s1mply because of the decrease in test
4

Tk

- length. | _. _ : - ;

The above coefficients indicate that the CCS ig the

v £~ A

, : : ®
most homqQgeneous of the three multiple~choice tests and TOLI

is more homdgeneoﬁs than the multiple—choice tests.:

: / _ ,
However, Cronbacﬁi(1950, Pe ?) indicetes that. the alpha
. o . \ . . .
coefficient for Likert-item tests may be spuriously high.

The fact that every question has fhe same set of response'

categorles may contribute to the measured homogenelty of the

A

test. Response blases as vwell as 1tem content may be

‘é , . L ’ .
o o s L

The abbve coefficients are quite low which indicates

eSS

that mOre . exten51ve item reV151on .and selectlon procedures

\ PR
related to\the content of the 1tems may have contrlbuted to

s [
a .
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B

lower thL/KRb2O coeff1c1ent for the, test;

" certain

85

test length; the item difficulty, and the homogeneity of the

sample of subjects on measured test-homogeneity are

di§sgiiij by Gulliksen (1961, pp. T 126). - - .
- . a o

If all other factors are kept constant, €3$.reliability

‘coefficient will increase as the number of items in the test

increases. This trend has been extensively investigated and
the Spearman-Brown formula gives = mathematical.relationShip

between test length and the reliability coefficient

(Gulliksen, 1961, pp. 62-86) .

~

*

In the construction of the test items, no attempt was
. . : L ] L
made to ensure that the item difficulties would be near

—

0.5.- The fact that tvelvg out of thirty-nine items have o

l

‘dlfflculty levels above 0. 75 or below 0.#5 will tend te

: ! .
The measured homogeneity. for a testtends to dedrease ’

>

d

as the homogeneit§ q?;the subjects increases.. The. aﬁple -
used in the presént study (grade eléven cﬁémistry qZ
physics

allowed

&

i

thes¢ courses since chemlstry and physxes are notf

compulsory.' #‘ o ‘E‘_-' o \ o .

. , R e S

/ Factor ggglxgigi ‘Table XI11 antains,tpe factdrﬁpatténn
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13
i

-~

matrix for a factor analysis of the thirty-nine test items

.-

in the Test Qn Scientifit Attitude. The last column in. = o -

5,

Table XII contains *the communalities of the test items.
This represents that portion'of the item variance which each

item has in common vith the other itenms. ThlS is an obllque D

- »-

.

rid

* factor complexity is expécted. A is the factor pattern
. \ LLe . 0o

eolutlon which was obtained by the rot&tlon procedure

0 : .
developed by Harrls and Kaiser (1964). The solution - .

. 1 »
reported is an A'A proportiqnal to L solution, which Harris

<

'\and Kaiser (1964, p. 361)- recommend for situatiobns in which

. »

2
LA

matrix affd L is the%mafrix of intércorrelations of the -

v o,
AN

L . ’ - . .
* &actors. The rotation was performed on a -factor rloading

LY "

s

. mhtrix obtained by the unweightedwleast squi;gs»factbring of

£

the tetrachorlc correlatlon matrlx given in Appendlx F. A ~
. .

more,detalled discussion ofothe above ﬁrocedures is’

’

n..presented in Chapter ITI. The 1ntercorrelaqlons for these

"“qine factors are given in Appendix G.
. :

¢ - N

. o ' ’
B The decision to retain nine factors was made on the

basis of a scree test (Catitell,1966) and by comparing the
n‘\

nine-factor solutlon with solutlons for seven, eight, and

twelve factors. Because of the cqst for obtalnlng solutions

with hlgﬁ%r numbers of factors, tep— and eleven-factor

irsolutlons were not obtained. For the scree test, the eigen
- )“‘ .

roots of the correlation matrix were plotted and the- most

noticeable break in the curve occurred”after the ninth

largest root.

¥
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13
14
15
16
17
18
19
21
22
23
24
25
26
27
28
529
30
3
- 32
33
34
35
36
37
38
39
40
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Table XII.
OBLIQUE FACTGk\PATTERN MATRIX FOR NINE FACTORS
OF THE THIRTY-NINF TEST ITEMS IN TOSA
374 5 6 7 8. 9 | comM.
' {
14 13 13 12 10 S6% -05 | 45
19 -04 29% 06 13 -56 =~09 | 47
15 19 33* -38 02 25« 06 | 40
06 -12 =26 05 - 27% =22 18 | 26
12 07 24%x  27x 13 06 ow | 2u
-00 15 29« 10 01 -02 =-13 } 38
o4 -0u 60* -02 09 -07 01 | 4o
03 214 o4 03 -09 16 -02 | 32
-00 -01 07 06 ou 04 59% { 38
18 14 47x 11 03 -05 36*% | 55
01 -02 -1 11 -18 =01 . 39% | 20
-16 15 25% 01 02 -07 06 | 16
05 03—~—05 10 79« 01 -04 | 65
=05 07 10 -06 14 12 01 1 07
-02 58% -02 -07 -0u4 10 06 | 36
12 +-07 -03 -21 14 09 3g* | 23
-08 32%« 31% -11 15 01 15 {37
-0u 34%- 04 =07 26% -07 17 | 27
05 13 -58 -01\ -02 -1 11 | 38
-05 14 11 -04. 16 0u 01 | 21
-01 -09 -24 -58 03 -03 ~-us8 | 99t
49* Q04 -05 07 01 =06 05 | 25
-20. -0u4 02 08 -02 =03 06 | 24
02 -1u4 09 21 =06 -12 -00 | 09
28 0+ -02 11 27« 04 37« | 99
08 =05 10 -11 31« -0t -07 { 17
-05 05 07 -06 08 -07 -09 | 45
67* -06° 03 .04 16 05 04 | 62
-03 01 14 06 15 =07 21 | 13
09 -21 07 -17 =-22 -03 24 | 49
-07 -16 13 29% -06 36« 03 | 95
-26 33 07 -171 -16 =25 72% | 99
11 06 -09 =00 17 02 25 | 21
11 26x 09 *08 -01 -16 =19 | 23
. 57* -03 24 -29 =17 -01 -08 | 60
18 27* -14 13 -26 =12 =04 | 24
-02 -41 03 -05 “mR5 05 32« | 30
02 01 -05 55% j§6 12 o4 . 35.
13 12 01 16 -£3 -17 -22 ¢ 19

FACTOR 1
M
-04°
-01
-07
10
14
u7x*
07
-1
05
06
02
08
06
- =02
04
-0u
" 16
10
09
-31-
61%
01
uy*
04
Tux
01
-03
-18
-09
07
32%
15
-11_
. . A8
17
16
20
14
-00

14
08
-07
N
-07
06
01

~0u

02
07
-0u
12
-03

--08

-05
-09
-20
-02
-14
28%
29%
-06
-06

K
65%

31%
09

52%

69%
38%
30%
19
-28
11
02
-07
186

~/

# Marks the salient item loadings on each
‘The entries in the above matrix have been
factor of 100.

of the factors.
multiplied by a
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4;m When twelve factors were retained, two of these factors

Tk
o

¢ .

had only one large loading and a third factor contained high
loadings maiﬁiy for variables’which had grouped together on

one of the factors in the nine-factor solution. The seven-
factor solution contained factors with a large number of

-

high loadings and alsq contained av?umber of variables which
had no high loadings.éﬂ any factor. The.most noticeable
difference between the eight-factor solution and the nine-
factor solution is factor three in Table XII. This

© combination of test items is not apparent in the eight-

factor solution although most of the other factors are quite

~ similar.
’

There appears to be some indication that it is prob;bly
not meaningful to retain more thah nine factofs. In
addition to the points discussed above, the sum of the ﬁine
‘eigen roots associated with thgse factors was compared with
the sdm of the cbmﬁunalities of the test items. The
obtained ratio is 0.982 wgich indicates that tlHese nine
factors account for 98.2 percent-of the total common
vapiance of the test items. This may be an indication that
the\;ariables have been slightly overfactqig@. Thaieis,
fewep than nine factors may adequately repfesent the test
itenms. Houever; the nine-factor solution, presented in
Table XII appears to be more satisfactpry than solutions
with seven and eight factors. {4 number of the factors in

the nine-factor solution have a fairly large number of high

loadings which would indicate that extensive factor



\

splitting has not occurred. ‘ R

Following 1s a list of test items which l?ke the

qreatest ‘contribution to each factor: *

Factor 1: 6, 22, 24, 26, 32

Factor I1: 21, 22, 28, 29, 31, 32, 33, 3u
Factor III: 23, 29, 36 -

Factor Iv: 8, 15, 17, 18, 33, 35, 37
Factor ° v: 2, 3, 5, 6, 7, 10, 12, 17
Factdr VI: 5, 25, 32, 39 j &
Factor VII: 4, 13, 18, 26, 27 co

Factor VIII: 1, 3, 32

Factor Ix: 9, 10, 11, 16, 26, 33, 38

The decision to include or excl;ée certain. test items
in the list of salient items for each factor was made on
somewhat subjective grounds in some cases. All igems with
loadings of 0.30 and greater were included. 1In thé
consideration éf loadings between 0.20 and 0.29, the
féllowing points'were examined: the différence between the
valu; qf the loading being c&hsidered and the value.of“the
next highest loéding on ‘the factor, the number Af'items
already included in the factof, the size of the other
loadings for the iten being considered, and the exgent to
which the item being considered appears to be éelated to the
other items in the factor. The application of these‘/

guidelines to the above solution is dicusssed under the
Al

detailed discussion of each factor below.

In the following paragraphs, the above solution is
/ o N
first disucssed in general terms and then each factor is

discussed in detail.
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General Discussion: 7JTtems 14, 919, 30 and 40 do not .
' i . [}

R . - . * A i
have high loadings .on 'any of the factors. / Although itgm 25  + .
' "y Ry . %
is listed under factor VI, its highest loading is 0.21. AI}ii
- ‘ ' & oo S
of these items except 19 have very low comn@hqlities.& That{ .

is, they have very little in common with other items. This'
lack of relationship with the rest of the test is dlso‘/ N

. W
indicated by low biserial correlations for items 14, 19, 2@%@ %

and 40 (see the results of the item analysis rgported

earlier in this Chapter). Thefifore} it is not iikely that

I & o, . SN

vare obtained. ‘ —\*Qi o N

Question 19 is discussed in the first section ofﬂthiér

these items would . show high\loaings if additional factorﬁﬁ_

chapter. It appears to be a trick gquestion and the possible

reasons for selecting the keyed response bear little

-

rélationsh p\@[}h the behavioral specifications of  the
attributes. Question 30 asks the student to exp£e55 an“d

opinion as to whether or not the theory of evolution should
- [ -

be discussed in bio 0gy class.- This question was designed

to measure objecti Y; however, a student®s respect for the

individual rights may influence his response to this

question. Examination OfvgueStidns 14, 25 and 40 does not ’
reveal an}'apparent reason vhf these items are not mere
closely felatéd to other items inm the test1 , ‘

The rationale which served as a guideline for the
‘construction of the'teétli;QISFSuggests tvo possiﬁle.
~criteria on_uhichithe items might be classified. One [

~
~

z . : . . .. . .
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classification uhich'has been -made is the division of the

test items into the cognitive and intent component subtests
(qﬁesﬁions 1 to 19 are cognitive items; questions 21 to 40

.are intent items). A second grouping of thé\items,.

s

according to which attribute they were designed to mgasd{e,
. B M \ \ ’ ' . . !
is given in Chapter III. Because of the fact that the

behavioral specifications used to define the attributes are

often repeated under two or three attributes, most of the

‘questions are listed under more than one attr Bute. Thisx~

)
o h

list is repeated below:

Critical mindedness (questioning attitude) -_
9, 19, 21,\24, 25, 31, 32,.36

supended judgemdnt (restraint) -
1, 2, 4, 6, 7, 11, 18, 25, 26, 27, 28, 34, 35, 37

Respect for evidence (reliance on fact) - »
10, 11, 12, 14, 16, 26, 27, 28, 31, 32, 33, 38

-

Honegky -
3, 8, 18, 22, 33, 39

‘ Object1v1ty (open-m1ndedne§s) -
8, 13, .15, 17, 23, 29, 30, 36, 40

w1111ngness to change opinions.-
1, 3, 4, 5, 6, 10, - 29, 30, 37

All of the questlons in factor II ang factor III are

from the Intent Component Subtest and all of -the guestlons'

w ‘ .
in factor V ‘are from the Cognltlve Cohponent Subtest. Of .

ta

the five questions in factor I, all 'but one are from ICS.
2 ¢ ; = _

Factor VI is.composed of three guestions from ICS and one

A
. question fron CCS. Factox 'VIII is ¢omposed of two guestlons

from Ccs*and one questlon from ICS. Factors IV,-VII and IX

contaln approxinately equal numhers of guestlons fron both

“
%

-

®



92
<//—.,";'

original dfvision of the questions into the two subtests.
est10 Mo Sk

since the test questions are often listed under more

)
then ong attribute, ﬁ&certain amount of agreement between
this list and the list of items in each factor is almost
jnevitable. HOUeVer, the extent of the agreement is
suff1c1ent tb give some support to the orlglnal , .

)

clas51f1cqt10n. Each of the nine factors can be associated
<:::::§ngiﬁ’0f the six attributes. In the following é}-

paragraphs, the list of items ;ﬁ\each of the facto;s is

discussed in relation to the classification of the test

items on the basis of the lefinitions of the attributes.

Kl

or I: Qﬁestions H, 24 O,and 26 ere all listed under

' suSpended judgement-. The keyed response for questlon 32,

resent facts and arguments to support a

-

statement, is related to cr1t1cal m1ndedness and respect for

ask a friend t

’

evidenee. ﬂouever, the other dlstractors are related to .
suspended judgenent. Questlon 22 does not dppear to have a

\
great deal in conmon wlth the other questldns in thls
’ & -

factor. ThlS questlon, which deals v1th 1nterpretat10n of
:data, is_ somevhat process orlentéd. However, aIternatlve C,
take more neasurenents ‘'when confllctlng results are
obtalned, is related to suspended judgement and respect for'

-

evidence. . .



>

/,'(superstitions,ireligion, marijuana, and pollution) .

.refer to fluori atien, superstlthns and astronony.

93

Factqr II: Questions 21’and 22 with loadings of 0.28 = .
and 0.29 were inC{\ded in this factor because there are a
1arge number of loadlngs near O. 30 on thls[fzzgor.

Questlops 28, 31, 32 and 33 are llsted under respécl—for '

evidencéf\\egfstion 31 (questlonlng religious beliefs

Al

becausg s&ientists havé cast doubt on some of them). gppears
to be{more related to objectivity, but a respect for

ev1dence is also implikd in this response. Question 22

4
(discussed under factor I)\ can also be related to respect

for evidence. Questlons 29 (one should be ullllng to admit

< . ’-
that there” may be some truth to certaln superstltlons) ahd

question 34 (the cause of the common cold is'not known for
cerfain) do not appear to be telated to respect for

) ' o
evidence. Question 29 is\relaQed to questions 21, 28, and-

31 in that all these gquestions refer to cont;oversial topics

e ' —~

Factor 111 Ail the test items in this factor (29, 3

and 36) are listed under objectivity. 'These three question
Question 26 vith a loading of 0.28 was not included in this

facto; becad%e the ‘other three loadlngséﬁgé all con51derab1y

'higher (0 49 - O 67) and because questloh 26 has been’

3

| éPcluded in other factors. Question 26 which refers to ;

1nc0351stent lab. results in khe test for starch in 1eaves

does not Jppea; to have very nuch in common wltﬁ guestt?ns
33, 29, and 36, VU

b . . . . o=

. x ‘ ‘_ . .v ... . | | | X | " ' | ‘
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Factor Iv: Questions 35 and 37 with loadings of 0.26

and 0.27 are included in this factor because a number of the

' ——

other ldadings on this factor are near 0.30. The loadings

. = -« .
of 0.26 and 0.27 are the largesg\loadings for questiops 35
- \’V"

and 37, and these questions are not included in any of the

-

other factors.

Questions 15,.18, §5 and 37 are’all listed\undd{/
suspended judgement. In qﬁestion 8 Schleiden's failure to
accou;t for all of his observatioaQ, demonstrates dishonesty
and a Lack of objectivitygi ﬁ;wever, this may also be
interpiéted as forming genefalizations not justﬁfied by '
availablg data which demonstrates a lack of suspended

{

judgemenf. QGestions 17 and 33 do not appear to pe related 1
o /

to suspended judgement. ,

i
§
‘

Factor V: Since a number of the loadings on this .

factor are near 0.30, questions 5 and 12 with loadings of

0.2a'and 0.25 gre includeds Questiqn'12 does not have
salient loadings on any of the other factoré. Question 5 is
also included in fagkor VI, but its loading on factor VI .
(03?7) is no£ much higher. Question 36 with a loading of
'0.24 das not included because this question has d much
~vhigher loading on factor III and it is more related ;b the
‘o.the’r gﬁestions in factor III than it is ‘to the questions in 4’
- factor V. ' ‘ . | - —; |

Questions 3, 5, 6, 10, and 12 which are in¢luded in
Y A oo _ ‘ S .

-
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this factor are all listed under willingness to change

opinions. Questions 3, 5, 6, and 12 511 deal ‘with adjusting

-

theories to account for new data. The philosophers

2

described in question 10 were not willing_to accept

- Galileo's explanations. Question 7 which deals with

A3

generalizing beyond the scope‘of available data is more
related to respeét for evidence and suspended judgement than
to willingness to change opinion. Questioﬂ 17 (evaluating
ideaskg%ifh/disagree with one's hypothesis) is mofe related
to objectivity. Question 2 which describes a scientist |

reacting to a report on a type of water that boils at 450°F
is more related to suspepded jﬁaﬁéiénte\\s

, ‘
Factor. VI: <This is a bipolar factor. There are the

“
same numbegr 6fjhigh negative 1oadingslas there are;high
poeitive loadings. This factor was not reflected beceuse
all of the high negative loadlngs are for 1tens which are
included in other factors. The loadings for the items which
are ipcluded in this factor hgve a fairly wide range (0.21 -
0.55). Question 25 with a loading of 0'2ﬁ is included

because- this loadlng is still reasonably close to the

Ay

loadlngs for questlons 5 and 32 and because questgon 25 does ,

not have hlghvloadlngs on any of the othe;»factors.

‘The questlons in thls factor appear to be most cldsely
related to crlticel Iindednese.. The list for crltlcal
mindedness inclﬁ&hs question§'25.and 32. P:lest;ey-s,,
beha_viof a"sy'de.‘scribed in question 5 (he did "n.c}t accept. ,thve’

£

J
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new theory of combu;tion even though there wds considerable
.éwidence.ﬁo support it),dem@nstratés”unuﬁllingness to change
Qpiﬂioné and:a lack of r?specebfor évidénce7 ’ However, .he
‘alsP failed té demonstratg éritical mindedness in hi;

¢valuation of the phlogiséoﬁ theory. Question 39'(repeating.

1 _
a chemistrYiexperiment after adding a wrong solution) does -

2

not appear to be related to critical mindedness.

Pactor VII: Questions 4, 18, 26, and 27 in this factor
are all liséed undef suspended judgement. The loadihgs for
‘all thes€ questions are near 0.30. Question 13 vh;ch is
also include& in this factor has a loading of 0.79_vhich‘i§
considerably higher than thq.loadings for the other four |
queSt{ons in this factor. The situation described in
qués%iop 13 (reasons uhy\Arrhenius' theory of ionization was
'not widely aécepted) is\mﬁre relevant to objectivity than to
suspénded judgenment. However, Arrhenius demonstrated

. , -

critical mindedness and suspended judgement in his search
‘ [ . ’

- for a new theory.

"‘.¢1 S'H .
o

Factor VIII: ' This is a bipolar factor with three large
.positive loadings and three large negative loadings. Thi;‘

factor vas no% reflected'because question'1 vhich is not
&
’1nc1uded in any of ‘the ‘other g&%tors has a hlgh pOSltlve
1 ‘Q .
loadlng oniyhis factor. ~The second and thlrd hlghest

9051t1Ve loadlpgs ‘are’ sllghtly hlgher than the second and
.thlnd hlghest negatiwe loadings. o ‘
. ; R . { i . [y , k .', . . "
G oy ’ Ce 2N . : S ;
Questiops 1 and 3 are bqth.relevant.to willingness tg

» . R T ; RN . e : !
A i . . . : S . .
L » 4l T Y St i . S i . .
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change opinions. These tvo ‘questions -both refer to changing
o . : . . .. °
theories to explain new evidence. Question. 32 is included '’

A 4

" in tﬁ%ee;qther factdts. The keyed response to- this -question

(ask q,friendhto provide evidence and arquments to support a

-

statement) appearéwﬁdibe‘more related to critical mfn@edngss

and resbe&t for evidence thandit is‘to willihgness to change

dpinions. However, the other alternatlves reflect a

willingness to consnder 1deas presented by others and thxs

s .Aj

"is one of the deflnlng behav1ors of ullllngness“%o ‘change

opinions.

Factor IX: Sihce factor IX has a large number of
positivé loadings near 0.40, test items with loadinés in the
range 0.20 - O. 25 dere not included in this factor.. e

Questlons 31 and 3u v1th loadings of 0.;& and 0.25 .

. 4

respectlvely are 1nc1uded ‘in other factors. Question 30

-

with‘a loqding of 0.21 has not been included in any of the

.\\

other factors. L

The gquestions in this factor reflect respect for
"evidgnce. Questions 11, 16, 26, 33 and 38 have all beeqﬁ
i . \ »
classified nnder-this attribute. Question 9 is classified

under suspended judgement and 10 is classified under
R . g h

villingness to change opinions. Howevér}‘the:philosophérsf

-

.’actions described in these questlons delonstrate a lack of

- 0 @

respgdi~for~ev1dence. That is, they vere not uilllpg to

”evainate-calilegis findings. . : ‘

. . -
,

Of the guestions vhlch have loadings 1nﬁE2§Lran e

e :’_——;——'r’ [ - 3



&

< : L ’ -

™~ g
*0.20 - -0.25 on this factoz, questions 21 and 3¢ areanl ded

in fadctor II which is also a factor which refiects respect

”, ~

for evidence.. Questioh 30 on the teaching of the theory of

. . , A - . \_.'

evolution in a biology-class, is not relevant to’respect for

, - AL e '

evidence. -
‘\

N T | S

. L . »

& . ‘ :
Summary:< The following list matches each factor with

1

)

-~

the affe?tlve attrlbute to whlch it is ‘most closely related:

. * Factor 1~ suspendedﬁjudgement )
., Factor II - respect for evidence. .
‘f’ : Factor IIX - objectivity -
" . Factor IV - suspended judgement
. Factor- ,V - willingness to change opinions v
- Factor VI - critical mindedness . . ' )
Factors™ VII - suspended judgement - - '

N i‘Factor VIII - willingness to chanée opinions
Factor IX.-’respect fdr eV1dence

.Honesty is. not representeq,ln the'above list. " A

+

possible reason for this 1s that thls attribute zss not
defined, very dlstlnctlvely. Tuo of the hehav1ora1

l’ .
objectives deflnlng honesty are very simllar to behav1oral

objectives uhlch deflne objecth1ty and crlt{cal
L.

# mindedness. These are the behav1ors related to the’

o g a

evaluation aya reportlng of data vhlch 1S‘contrad1ctory to
” . '

predicted hyﬁotheses.' The othet behav1oral objectlve

deflnlnﬁ honesty (aEXBﬂvledgegﬁggrk done by others) is not

ea51ly translated to a suitableltest question.; , "
.~; | ' -

uv.n‘ The researcher aoes not prqpose that the test itens be

\

div1ded 1nto“subtests~¢o zepresent each of the affective

attrlbutes. "In fact, the ove lap.of—behavrorai*oﬁjectlves

. e
e

e
used to deflne the attributes nakes it impossible to grve a

w

. .
o . . . . N ®
-8 - . .
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i 1nstances of. ageement between the two'.c

/

" ‘/99
distinct division of the Yest items. In the factor solution-

resented above, eleven of the questlons are included in

‘more than one factor. Con51derab1e overlap was predlcted

from the classification of the test items given in Chapter

<
N

T1I. .

',' The purpose of the factor analysis, rather than to
-

prov1de subtests, is to prov1de an emplrlq@l verification of.
the theoretlcal classification of “the test 1tems. The
agreement between the theoretical classification and the

classification by the factor solutifon is reasonably good. A

»
S e e _
one bundreg percent agreement betwgen the two o
- \ ) ' ] - -
clasSifications was noﬁ expected. In cla551fy1ng the items
)
on a theoretlcal basis, 1t is 1mp0551ble to anticipate all

of the factors which®might influence a respondent's decision

-

to select a pacticular response. FThe items were classified

, , ‘ :
on the basis of the most obvicus relationships gith the
: . B e

behavioral objectdves used to define the attributes. Ih am

attempt to ‘interpret the facfor‘solution, some of the less

&kgfious relationships were revealed..

‘

Each of the nine factors has: been“matched Hlth one of
R §
the %ffectlve attrlbuges (page 98) The list of items

included in each of these factors gs\qiveﬂ on page 89 and
the theoreticaI classification of the test items is~given'oh

page 91. Of -the fifty entriés in.the first list and the °

list, ‘there a;eﬁthirty-one

7

fltty-elght entries in th_jseco

ifications. As
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is indicated above in the detaired_discussion of each
factor, another ten of the entries in “the faptor list can be
,\ explained when the qﬁestions are closely examined to
determine factors which might influence the selection of
61ternatigb§ other than the~leyed response.' When each .
factgr is i%éntified vith ene of the attributes, it.is
possibleAto relate approximately 80%~af the salient factor

logdings to the item;:lassif;cation which was based on the

Lo B

\\ definitions of the attributes.
Iv. Testmsxability

Test-rétest results for the Test On Scientific Attitude
« were obtained for 105 students who were tested during tYe

fall semester. The second testing was done three weeks °

s -

after the first test date.. These-results were used to

examine the test stability‘pf TOSA, CCS, and ICS as measured
by the test-retest correlation coefficients. The following

test-retest correlations were obtained:

TOSA - 0.71 _ ’/)

CCs - 0.68
I1cs - 0964
The test-r?test correlation coefficients are
considerably higher than the KR-20 coeficients reported)
earlier in th?s chapter (0.55, 0.45,.and 0.39 for TOSA, CCS,
and ICS, respectively) .. Although the KR-20 coefficients are
ﬁomeuhat low, the test-retest correlations of stability are

éatisfacfory for all three tests. The test-retest

s
et T

/{cotrelation or estimate of stability is probably a more
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important criterion for the three tests.

The test-retest, phi correlation coefficients for the

test items in TOSA are reported in Table XIII.

Table XIII.

TEST-RETEST CORRELATIONS FOR 39 TEST ITEMS IN TOSA
FOR 105 STUDENTS

@ o o e . A A . - ———— . = . = - = e W - T WS B AR A S S o e o= e e e S

ITEM CORRELATION ITEM CORRELATION ITEM CORRELATION
1 0.41 14 0.34 28 0.66
2 0.51 15 0.03% ZQ\ 0.20
3 0.42 - . 16 0.26 30 0.58
4 0.30 17 0.40 31 0.35
5 . 0.27 18 0.38 32 0.51 ~
6 *0.27 19 0.17% 33 0. 39
7 '0. 30 21 0.53 34 0.58
8 0.42 22 0.34 ) 35 0.16%
9 0.37 23 0.26 36 0.41 B
10 0.29 24 0.41 37 . - 05307 o
1 0,28 ... - - 25 - 0.52 38 0.40
1277 0.30 a 26 0.71 39 <« 0.58
13 0.31 o 27 0.12% 40 0.20

* Not significantly different from 0.0 at the 0.05
probability level - .

The test-retest correlations for the three tests may be
2 .

increased if the questions which have lowv test-rest
correlations were revised, omitted, or replaced by other

questions,

The weaknesses in question 19 are4di§cussed earlier iﬁ
this chapter undef the headings of cdntent'validity and item
analysis.l The;e are no obvious réasons vhy questions 15,
27, 35, and uo‘should have such lowv test-retest : /

correlatiomns.
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«— The means and standard deviations for the test retest

.

data on TOSA, CCS and ICS are summarized in table XIv.

( 3
' Table XIV.

®
2 6

MEANS AND' STANDARD DEVIATIONS FOR TEST-RET ST DATA
° ON,, TOSK, CCS, AND ICS FOR 105 STUDENIS

B i T Sy .-_---_-—~------—-—--_-_-------‘ - e - - - " o — = - -

o ‘\I‘?
$ . &TEST MEANS _ _ ST. DEV.
. TEST RETEST TEST RETEST
TOSA 52.8 52.9 11.2 10.9
CCs 52.0 54.0 15.7 14.8
ICS 53.4 52.0 13.4 12.4
) There are no appérgntwgtands-in~th@“ﬁé&h§'ffqm test to

'r€f§§ffﬂdEiémstandard deviations all decrease slightly from
test to retest. all differences, particplarly on the total
test, are small and it should be safe to assume that the

initial testing did not have any meaningful effect on the

retest results.
. V. External vValidity

The external validity of the test items in Tosﬂ/is
examined inirelation to teacher ratings of student'behavior”/
(see Appendix E for instructions to the teachers). Teqchers
vere asked to rate their students on a four- 901nt sdhle on
the basis of the extent to which the student exhlblted the
behaviors which were used to define the attrlbutes. One
rating on the overall set of behaV1ors was obtained for each
studeqt. Since teacher ratings were obtalned only for those

students who wrote during the spring semester, the test
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results for those students who wrote during the fall"
semester are not included in the analysis reported in this

section.

High and Low Student Grbups: These

— e e s e o e S

two groups are . defined in Chapte% I as the top and bottom

twenty percent of the students in each class based on the
teacler ratings. Since analysis of covariance with

scholastic ability as the covariate is used to test for

differences beffegﬁmthgsemtno~qrcnps,“§fﬁdéﬁf§’fbr wvhom SCAT

B T S

scores were not available ‘were not included in these tvo
groups. Out of the sample of 156 students, 30 students were

assigned to each group.

Out of éﬂe 156 stuﬁents, thirty-bne were given a rating
of 4 (f;equently exh;bits the behaviors listed in Appendix
E), fifty-four were given a ratiﬁg of 3, fift}—three wg;b
given a rating of 2, thirteen were given a rating of 1, and
five. students vere not.giyéﬁaény rating because the teacher
felt that ge did not kﬁow these students well enouéh. The
"high student group comsists of twenty-one students who had
:eceived £~rating~of 4 aqd Aigg ?@udents vho had received a
rating of 3. The 5pu st;dent group consists of nine
stgdents vho had fgceived a rating of 1 and twenty-one.
létndents;vho had fgdeived g\fating of 2. The students in
the high and idw groups with ratings of 3 and 2 wvere

selected randomly, | '/;>

$
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Tests for Differemnces Between Groups: One-way analysis

..... ‘ - .
of covariance with scholastic ability as the covariate was

used to test the following null hypotheses:

Hypothesis Ia: ™here is no significant difference between
the mean score on TOSA/Eor the high student group and
the mean score on TOSA ’for thte low student group when
scholastic ability is the covariate, :

o

Hypothesis Ib: The above hypothesis stated for CCS,scores. ___

.

[
Aypothesis Ic: The above bypotiresis stated for ICS scores.

Hypothesis Id: The above Hypothesis stated for TOLI

scCores.

i

The results of these analyses are summarizedain tables

XV to XVIII.

Table XV.
. ‘ L r
ANALYSIS OF COVARIANCE ON TOSA SCORES "
LOW STUDENT GROUP VS HIGH STUDENT.'GROUP
SOURCE ~DF MEAN SQUARE F —p
Between Group . 1 - 1723 21.5 <.001
Error , 57 . 80.09 | \53
v -

SAMPLE SIZE ONADJ ADJ SCAT '

HIGH 30 59.7  59.2 85.2
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Tables XVI.

ANALYSIS OF COVARIANCE ON CCS SCORES
LOW STUDENT GROUP VS HIGH STUDENT GROUP

SOURCE DF MEAN SQUARE F p
Between Groups 1 Mmu2 14.5. <a901”“"'~’ -
Error 53 997TY9T i
. —— GROUP MEANS
SAMPLE SIZE UNADJ ADJ SCAT
LOW 30 47.6 49.1 71.7
ﬁIGH 30 62,5 61.0 85.2
Table XVIT.
ANALYSIS OF COVARIANCE ON IES SCORES
LOW STUDENT GROUP.VS HIGH STUDENT GROUP
"""""""" bbbttt C
SOURCE DF MEAN SQUARE F P
Between Groups 1 2055 _ 12.9 0.001 ’
Error 57 159.5 .
GROUP_MEANS ___ v
SAMPLE SIZE UNADJ . ADJ SCAT
......................................................... B =
7
LOW 30 43.8 43.4 71.7 »
HIGH 30 57.2 57.6 85.2




@f

Table XVIII.

ANALYSIS QF COVARIANCE ON TOLI SCORES ‘
 LbW STODENY GROUP VS HIGH STUDENT GRQUER. .. .— """
°-'--‘ti:i:ji:j:::j:“;-‘“-::::>“*'—“""°°'°-*-°‘*: """ rez -
" SOURCE < DF MEAN SQUARE F - \P .
———————————————————————————— -c-—-———————oo—-—.———n———————‘»——-t- 3
. Between Groups _ 1 332.5 12.0 0.001 w
Error , 57 27.76 ‘i :
N ! . R _k -
______GRQUP_MEANS v s
SAMPLE SIZE. - UNADJ ADJ  * S§CAT:
E . . t.
————————————————————————————————— --—-—--00-—--—-—‘—qfO-—‘-—-’
LOW 30 79.7 80.1 71.7°% ; '
HIGH 30 86.2 85.8 85.2 m
\ N —_ £ ; -
N - o
i @

In the above analyses, the probabilities that the
assamption of homogeneity of regression is satisfied are
0.92, 0.54, 0.54, and 0.81 for TOSA, cCs, ICS, and TOLI .

respectively.

Conclusions: Hypotheses Ia, Ib, Ic; and Id can be
rejected at the 0.001 level of significance. The mean
»
scores for the high student grohp on TOSA, CCs, ICS, and
TOLI are higher than the mean éc;res for the lov:student
group. The division of the students into the two groups on
the;yasis of the teacher ratings results in two groups of

:”‘"

students who are significantly different with respect to
their mean scores on TOSA, CCS, ICS, and TOLI. Fot?

{1os2a,
A

CCS, and IC5 the differences between the ad justed means for

) ) - . 4 )
the*two groups are quite large. (13, 13& and 14 T

-

respectively).




©in TOSA is scored 1-0 where one alternative is the keyed

related to classroom situations.
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J B

the Test On 5c1ent1f1c Attitude and thé Test Of leert Items

NS S

'"tovdi$cr1-1nate between the high and low student groups.

y P

Because of the different scoring systems_used (each questiqg\

A\

~

response while the four alternativé§ for each  statement in
TOLXI is scored u-§-2-1),'one would expect the mean scores
for the high and lov student gro:ps on TOLI to be higher and
cldser together than the mean scores on TOSA. However, from
a practicél point of view, TOSA would provide a greater
opportunlty to observe a meanlngful score difference between
samples 1f these tests were used to evaluate the relative
effectiveness of certain teaching methods and materialsQ;n

developing the attributes which these tests were designed to

me_asure.

In the overall comparison ofs the two -test formats,
consideration rust bergiven to the reéponse biases which are
associated with the Likert-scale format (see Chapter II).

The researcher %eels that the multiple-choice format more
ade%uately meets the requireﬁents sgecified i% the ratipnaié
deveioéed in this study. This format more readi}y lends

itself to the description of’courses of action relevant to

the behavioral objectives used to define the attributes. It ,

¢ Y

\ N ‘
is possible to give a more detailed description of classroonm

sithations in a multiple-choice qu stibn. A survey of the

5arious attitude scales dlscussed in Chapter IT reveals that

a major portion pfvthe statements in these scales are not
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of the Two Groups on Each Test Item: A

__-.-—

nunber of statistics on each test item in TOSA relative to
the high and low student gr&ups are summarized inATable
XIX. These incluae the item means for each group and the
difference between the item means for the‘two groups. The
last column in the fable contains the tetrachoric
correlations betveen the test items and the dichotomous
grouping of the students in which the studeants 1nj§§p hlgﬁ
group were ass1gned al and the students 1nj§he low group
were assigned a 0. The tetrachoric correla%ions were
calculated by the cosine-pi formula and are therefo;e biased
in the case of test items which have extreme difficulgy”
levels (Ferguson, 1959, p. 2u4u4). ihe difficulty?lévels for

each item are also listediin the table.
L 3

Tests for significant'differences havé not been made;
however, iqge general statenents concernlng ﬁ?e relative
ab111t1es of the test 1tens to dlscrlmlnatgﬁbetveén-the two

'ggbups can be mad e. The high group does ngft; ha%g\i ‘higher

mean than the low group on questiens 4, 15, 16y 19, "22, 23,
'25 imd 40. The differences between the mea}ls fox.* the high ‘
groyp ang the means for the lowv group ‘are qulievig;ge for’y
gﬁéiilons 17, 13,. and 28. The glfferences for 1tens:5, 6,
7, 8, 12, 13, 2#,’26, 29, 30, and 35 are all higher p@é; or

equal to 20 and are probably large'enough'to be considered

meaningful. " .

/
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Table XIX.

-HIGH-LOW GROUP COMPARISONS FOR EACH TEST ITEM IN TOSA

- - > G - — - - — - —— -y ——— -

ITEM DIFFICULTY ITEM_MEAN DIFFERENCE CORRELATIOR

' HIGH LQH . . :
1 85 93 %3 10 39
2 61 67 ) 07 a1l o
3 59 3 60. 13 23 4,;<:
u 52 47 47 00 00
5 66 80 57 37 41

N6 55 77 53, 24 39
7 52 73 47 36 42
8 32 50 20 7 30 50

. 9 82 90 80 10 31

10 80 83 67 16 35

11 . 54 57 43 14 21

12 55 73 50 23 38

13 22 40 13 27 52

14 40 40 37 03 05

15 26 27 33 -06 -12 ’
16 50 47 50 -03 -05

17 58 _ .. 90 47 43 73

18 42 . .67 - 27 40 59 A\
19 - 18 13 30 -17 -38
21 20 27 10 17 44

22 11 10 10 00 00

23 37 27 33 -06 -12

24 64 77 47 30 48

25 35 43 43 00 00

26 87 97. 717 20 70

27 58 57 40 17 26

28 68 90 53 47 — 68

29 60 ¢\ 60 40 20 31

30 49 ) 63 43 20 31

31 « 81 87 70 . 17 38

32 86 87 67 20 43

33 85 97 - - 80 17 66

34 39 43 27 16 28

35 50 63 37 26" 41

36 18 17 10 07 23

37 39 47 40 07 11

38 56 67 53 14, 22

39 56 53 50 03 05

40 34 33 47 -14 - -22
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'

Alt;ough the means for the high group in this sample
are higdir than the means for the low group on guestions 2,
14, 3&%-37, andk39, the differences for these‘questions are
qu1té7/10w and are possibly not significantly different from

zero. ) .
y J ‘
A [ B
f/ From the information prese?ted in Table XIX, it would

~

appear that a uunber_of the individual test items do not

effectively discriminate between the high and lovw student
i ; o )

-

groups. o - . S .

[~

Corre;atlons of Test Scores with Teacher g_t"g_'
-0
Groups of 62, 51, and 38 students were asslgned ratings by

b

‘three teachers (each group was rated by one teacher). The

three groups are not equlvalent with respect ‘to TOSA and
SCAT scores and the mean teacher ratlngs for the three y

g;oups are not equlvalent. Since it is possxble that thé N

,u-‘ B &

tbree teachers may have assoc1ated dlfferent neanings vith
A
the categorles whlch vere used to assign ratlngs (see '

Appendlx E), correlatlons were calculated separately for the
j

three groups.. Correlatlons wlth teacher ratlngs were s

<.

calculated for TOSA, CCS, ICS, TOLI, SCAT, STEP, apd the
1nai-8c1ence marks (FSCH) vhlch vere a581gued by the .

teachers at the end of the school tern. The‘cOrrelatious

are glven 1n Table xx.r Average correlatlons for the three

groubs vere ca}culated by applylng the Plsher-z
{ i \
trans#ornation to the correlations, taking the average of

thé tﬁree transforlations, and convertlng thxs average back

E

..



to a correlation (Ferguson, 1959, p. 412). ¢ L

- .
TABLE XX.

CORRELATIONS OF TEST' BCORES ‘WITH Tﬂhcnza RATINGS

.-----———---—--———----—------—-—--—-—-——-——-----—--—----—-—-

62 51. 38 ' - .

TOSA 0.43* 0420 0.08 - g
CCS 0.26%# 0.10 0.04
ICS 0.39% 0.23 0.09 0.
& . TOLI 0.20 0.37* 0.27 omzaJ
SCAT 0.52% 0.27 0.06 Q
STEP = 0.38% 0.26 0.06 0
FSCM _ - 0.Uu41* 0.67f,0.338 0

* Slgnlflcantly ifderent from 0.0 at th; 0,01'probability-

‘level
# Slgnlflcantly fferent from 0.0 at the 0.05 probability

level o . -

- -

The{nost consistent correleiggn—across thé three gro

is the correlatlon of teacher rating with f1na1 science.
\

nark, and the average coi}eiatlon for flnal sc1ence mar

considerably higher thah the average correlatlons for th

h]

other scores. considerably‘higher than the ather

correlatlons.' It appears that the/Eggghe;s)ueed student

-
achlevenent in sc1ence as a major crlterlon u%en assignlng

/ | ;
‘”ratlngs. o, [ . ‘ ‘ ,}
©oL _ S :
51nce the guestlons in ICS are votded in terns of a
student‘s act111t1es and the questlons in GL8 are vorded in

terns of a scient]st's act1v1t1es, one.nlgdt expect scores

q

'en ICs- to be more hlghly correlated Hlth the teacher ratlngs“'

E}

of student beha!ior. This is supported by tKe correlatbons

in Table xx.




— ' k D\ . ) ’ ry " ’ 1 1 2
There is no consistent trend in the differences between

the correlations for TOLI and TOSA. Although there are‘

)

l,v'

- . v L ﬂ . - B
considerable differences beétween these correlations for each
= N ’

df the three groups, these diffgfences are not consistent
< > )

from one group tc another. Consequently, there lS little

/\> . dlfference 1n the average correlatlons for TOLI and TOSA

BRI

v Hlth teacher-patlngs.

AN

Teacher ratino of student behavior is probably not an
appropriate criterion to use to examine the validity of
TOSA. The cornelations in Table Xx‘indicate that the - v
valldlty of the teacher ratlngs Hay be somewhat :

guestlonable. !n addltlon, it is possible that the

-]

cognitive and intent components of attitudes may not be
«

hlghly correlated with the action component. A'student's
behavior im a glven sltnatlon may vary con51derably ﬁron his

T, expressed intentions with respect’to that or some slmllar
‘situation. - ‘ ” o | v
“ L. . -

The 1nformat10n prov1ded in the present study does not

account for the vlde varlatlon in correlatlons for the three

-

teachers. It is p0551ble that the-te chers may sgie

1nterpretted the 1nstructions (lppendlx E) differently. It

- 9

;" ’ 'xs also pos51b1e that the'three teachers nay not "have been

LI

equaily avare of thevaffect&ye development ‘of - the r

a *

students. Slnce the group sizes !Ee quite snall, some of

" this variatlonﬂvlll be’ due to,saupling erron.'h” ' |

e . o ERRR o . Ly

@ . .’
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‘ Chapter V

. Summary And Recommendations

R/
¥

Ny

I‘.

I. Summary

N\ ' C .
:The procedures followed in the present study were

o

. \- . . .
\ designed "to ansver the major questioh posed in Chapter I.

~That is, is the rationale outl¥ned in Chapter III a

L

I

‘sClence educatlon. These piOcedures included the definition

of a’'set of aerctlve objectly s, the construction of test

questidns related to these gbjectlves, and the field-testing
o ) ) K . /

of these quesglons. . Vs

4 . a

L]

The Nay-Crocker inventory of affective attributes o{

sc1ent15ts as defined in terms of student behaviors was used

as a framework for affectlve objectives in sc1ence l

education. A selected set of attributes (critical

. mindedness, suspende&,judgement,gfespect for evidence,

o .. 3 .
honesty, objectivity, and will Mess to change opinions)

vas defined in terms of student beliaviors and test questions .

.

vere constructed to reflect the defining behaviors.

, ) : ‘ A x
C AR ’,’, 1;.4" >c - .
R . TR A R N
~Cognitive, 1nten;k”and actlon components of the . .

\
H

affective attrlbutes were deflned. Questiohs were

constructed to measure the cognltlye‘and intent components
hd 1

“(Test on Sc1ent1flc Attltude - TQSA), and teacher ratlngs of

“’.p*.

studént ‘behaviors were bbta¢nad to prov1de 1nform§t10n




relevant to the action componént. The questions in the
Cognitive Component.Subfést (CCS) were designed to measure
the student's understanding of how the behaviors %hich

define the attributes-are manifest in the activitﬁes in

!

which scientists participate. The questions in the Intent

Component Subtest (ICS) were designed to meaéure the

\\\«//—-student's behavioral intent with respect to the attributes.
These questions require the student to indicate a preference
far a given course of action in a given situation. The

format of the questions is consistent with the behavioral

4
specification of the attributes and with the definition of

‘attitude as a predisposition to some preferred response.

5

Each test question in TOSA was designed to reflect

-

selected behavioral definitions so that it was possible to
relate each question to one or more of the six attributes.
In this c;assi%ication of the questioms (page 91), questions
were frequently listed unAgr more than one attribute because
some of the defining beh;t:§Ts were listed under more than

<

one attribute and somé quéstions were related to more thapg
C

. .. 1 .l .
one defining behavior.

provide a comparison between this test format apd the
multiple-choice format descfibed above. The correlhtions of

TOLI with TOSA is 0.37- ‘Since only those opinion statements

. (]
which were considered to contain content which was similar

to the content of TOSA were included im TOLI, this

@
s

@
“



)
“w!y .
correlatx’k J qus ﬂ‘ : . Although the content of the

¢ ,5»

state» , {fgkﬁ ié‘qulte §1m%1ar to the content of the
questlosug}‘iﬁ g}:ﬁ; @e context is not. In TOLI, each
statement 1@ ébn51dered separately from the others while ’
each alternative in the guestions in TOSA must be considered
in relation to tgree-other distractors and in relation to
the situation described iﬁ the stem. The format of the test
questions in TOSA is more consistent with the rationale
outlined in Chapter EII than is the format of thejstatenen£s
in TOLI. Since the stem of a multiple-ghoice question can
be more extensive than a statement in a\Likert scale, it is

possible to give a more detailed description of the

situation in a multiple-choice question..

Item analysis was used to examine the properties of the
individual test qhestions. The range of the item-difficulty
levels is 0.11 to. 0.87. oOut of the 156 alternatives for the
thipty-nine questioné, seven received less than three /-
percent of the responses. The biserial correlation
coefficients for questiois 19 and 22 are essentially zero.
The biserial correlation coefficients for nine questions are
in the range 0.15 to 0.24. The remaining coefficients are’
all ﬁigher than 0.24. The KR-20 coefficients for TOSA,.CCS,
and ICS are 0.55, 0.45, and 0.39, respectively. The §1pha
reliability coefficient for TOLI is 0.57. The test-retest
correlations for TOSA, CCS, and ICS are 0.71, 0.68, and
0.64, respectiveiy. Test-retest data wvere hot obtained for
TOLI. Although the KR-20 coefficieqts are quite low, the'

4 ) : .

-
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test-retest correlations for TOSA, CCS,”and ICS are

N
e

satisfactory.

The interco;relations among thé tesé'questions Were
examined by factor analysis and the solution for nine
factors was reported. This factor solution was discussed in
relation to the classification of the test questions which
vas based on the definitions of khe six attributes. | When
each of the factors was identified with one of the
attributes, it was possible to relate approximately 80% of
the salient factof loadings to the item classification which
vas based on the definitions of the attributes. Suspended
judgement was identified with three of.the nine factors, |
willingness to change opinjon and respect fof evidence were
each identified with two factors, and objectivity and g
critical mindedness were each identified with one factor.

The factor solution gave some suppért to the division
of the questions into the cognitkve and intent subtests.
Tvwo of the factofs contain only questions from ICS, and_one
factor contains only questions from CCS. One factor
contains four questions from CCS and one question fraom ICS,
one factor contains three questions é}on ICS and dne
question from'ccs, and bng factor contains tvo questions
~ from CCS and one question from ICS. ' The remaining three
factors contain apprqxinat 1y equal numbets of questions

from both subtests.

The relationships between TOSA dﬂhﬁa number of other
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tests were examined on the basis of the intercorrelations
amoné the following tests£ TOSA, ccs, 1cs, TOLi, HCTA
(critical thinking ability), SCAT (general scholastic
atility), and STEP reading. The correlation coefficient
between ICS and CCS is 0.23 for 307 grade eleven science
students. This low correlation lends further support to the
division of the questions into the two subtests. The
correlation coefficients for TOSA, CCS, ICS, and TOLI with
SCAT are 0.33, 0.44, 6.09, ;;d 0.30, respectively. The
correlation coefficients for these four tests with STEP
reading are 0.35, 0.41, 0.13, and 0.27, respectively. The
correlation coefficients for these four tests with WCTA are
0.41, 0.45, 0.25, and 0.36, respectively. On the basis of
the content of the duestions in the two subtests (many of
the éuestions in ICS require the expression of personal Y
preference or opinion), it is reasonable to expect CCS to be
more highly correlated with the general abilities measured
by SCAT, STEP, and WCTA. The correlations of TOSA, QCS, and
ICS with TOLI are 0.37, 0.37, and 0.24, respectively. The
fact that TOLI has a lower correlation with ICS than with
CCcS indicates that TOLI may have a fairly strong cognitive

_ ~—
component.

. e

Information relevant to the action component of the

- affective attributes vas obtained from teacher ratings of
student behavior. These ratings were used to exanine the
external validity of the tests which uere constructed for.

this study, and to examine the relatfonshxps betwveen the
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action componenf,and the two ‘subtests of TOSA.

The students were diQided into high and low student
groups on the basis of these ratings and one-way analysis of
covariance was used to test for significant differences
between the two groups. Scholastic ability ag méasured by
SCAT was emploféd as the covariate, and TOSA, CCS, ICS, and
TOLI were the separate criterion measures. The two groups
were shown to be significantly different (p < 0.001) for all

four criterion measures. ﬁg

Ratings of behavior were provided for three groups of
students by three different teachers (only one teacher rated
the students in each group). Correlations between teacher
ratings and a number of test scores were calculated for each
group (page 111). Except for correlations with final
‘ééience marks, these correlations were inconsistent across
the three groués. The average correlations of teacher
ratings with TOSA, CCS, ICS, SCAT, STEP, and final science
wmark are 0.25, 0.16, 0.25, 0.28, 0.30, 0.24, and 0.49,
reSpectiJNIy. IéJappears that the teachers used student
‘achlevement in science ciggs aiﬁamnajor criterion when they
asslgned ratings. :
\ .

The rationale dutlined in Chapter 111 provided‘valuable
guidance for the construction of the test questions in
TOSA. ;he p01nts made. in the above su;alry 1nd1cate that

useful tests can pe constructed through the appllcatlon of

thlS'rationale. Although there are dlscrepanc1es between
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the empirical structure which was identified by the factor
analysis and tte logical structure which was based on the
rationale, it is not practical to propose anrempirically
based ratioﬁat!’zglthe basis of this study alone. These
disrepancies may be due to inconsistencies in the rationale,
but they may also be due to the fact that some of the |
questiénsgin TOSA require considerable revision. Sampling
error may also account for some these discrepancies. "
Thereforg, any attempt td establish an empirically based%

rationale should be based on a large number of studies so

that consistent trends can be identified.
II. Implications for Classroom Evaluation

The behavioral specification of affectivg
characteristics which are provided- in this study may hélp
teachers to become more aware of the afféétive development
of thier students. The tests can be used to obtaln Reasures
of achlevenent of affective objectives. If these matérials
prove to be helpful, teachers .may be able to extend the
procedures outlined in‘this study to a wider range of

affective objectives. - . |

[N

The present study indicates thatithe cognitive and
intent subtests are not neasurlng the same chatacterlstlcs.
Student understandlng of how scientlsts delonstrate the ;v
~affective attributes in thelr vork probably is not .
suff1c1ent ‘to' ensure that stndents will denonstrate these }

- characteristics in their own science uork or in everyday
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situations. Teachers must consider this difference vhen
‘planning classroonm activities and evaluating student
hevelopment. Teachers must also make some attempt to
determine the extent to which student behavior is related to

responses on the type of test questions in TOSA.

III. Recommendations

v . A

1. Sjince the statisticé reported in Chapter IV
~

indicate that some of the questlons in TOSA are
unsatisfactory, these questions should be rev1sed DL

replaced by othdr gquestions.

The tesearcher has identified precautions which should

be taken in the appllcatlon of the ratiomnale to test
congt:uctlon. Attempts at test-1tem construction should ‘not
be§madg until appropriate behavioral objectives are written
to define each attribute. The behaviors which proved to be
the most hsefulcguidelines'for fest construction were those
pehéviors which one.could reasonably expect to obéerve in

[ ! ~

practical‘s;iutions, o
%

‘It is peconnended thét_the rationale be used to provide
guidance for the const#udtidn of test items, and that the
 data analysis deséﬁfbedwin this study be used to provide
1nfornat10n for 1ten revi51on and selection. This Qpp£oach
is con51stent uith Loev1nger's discu551on of the substantive

Jconponent of construct Valldlt] (1967, p. 97) . She suggests

that»yest items shou;d be constructedAand included in the

Ve

V)
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initial draft of a test on the basis of logical relevance
wvhile the final selection of test items should be made on

the basis of empirical findings.
»

2. Alternate procedures for obtaining information
relevant to the action‘cemponent may be prefereble to the
one used in this study. One alternative would be .
observation of student activity by the feseancner. ﬁovever,

observation of normal classroom activities may not be.

~7

préctic&l,because of the large anount of this type
observation feqdireﬂ. Itlnay be possible to consfruct
situations nesigned to provfde an oppoftunity for students
to demonstrate the beheviors which define the attributes

being measured. : ' K ’ .

If tedrcher ratin obtained, it may be profitable

to obtain a sepafate rating for each attribute being
measured The categorles vhlch are to be used by the
teachers should probiply be more spec1f1cally deflned than

the descriptions used in the present studym

It may be possible to use teacher ratinge in research
deéigned ta examine factors which can,ﬁelp account for
variations’ in cornelatieqﬁ between teacher ratinge and
written test scores. This type of reseanch should provide

}

1nfornat10n to help the classroon teacher become more aware

teacher to make some 1ntu1t;ve evaluathn of thls." ,

developnegt.



h ' /
3. The present study has been confined to a small

subset of the affective objectives of condg;n in science
education. All of thé attributes on which ihe study has
concentrated are listed under attitudes in the Nay-Crocker
inventory. Further research is required £o determine
whether or not the approach.described 'g;this study can Bé
applied to the measurement of interests; operational

. . 1
adjustments, appreciations, values, and”other attitudes.

~

/

4. Other scorfng systems for the questions fn ICS may
prove to be moreféppropriafe thén the 1-0 syste£ used in the
present stu@y. Since these questions require‘the stuhent to
eipress a personal preference, it -may be appropriate to

' score each alternative on a scale which decreases in value
from the response which‘is’nost consistent with the
attribute being méasured to the respbgse vhich is least
consistent with this attribute. 1If this approach is to be

‘ employed,_a common scale could not be used.fo£ all
questions. ExamipatiOn'of the questions in this subtest
readily,indiéat;s that the diétance separating the most
-consistent résponse and the.least consistent response is not

: -

A%
the same for all.questionsf ' | L - ,

VIt.naf be possible to use Thurstone's scaling.
brocedures (Chapter II) for the set of alternatives fof.each
queétioh. Further research is'reqdired to establish whether
‘or ﬁot the 7aii§ity and reliability of the test can be

improved by the use of a‘differeht‘scoring system. If the

e
4

*
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validity and reliability of these tests are improved, a
decision would have to be made as to whether or not these

gains justify the amount of work required to establish the

required scales. -

5. The model in Fiqure I on page 37 should be h
empirically examined tp determine whether or not the
behavioral specification of the affective objectives can
provide ing}ghts into instructional materials and methods
which might.bevemployed to foster the developament. of bd
interest, adjustments, attitude§, appreéiations, and
values. This will involve research to determine what types
of instructional materials and methods can be employed to
achieve the objectives. Efféctive research.in this area has
" been difficult to accomplish becausé of a lack of

appropriate evaluation instruments.

L]

From the above discussion it should be evident that the
present study has been mere1y‘a first step toward the
research“required in the afea of instructional néthods and
evaluation in ;he affective domain. The primary purpose of

this study has been to demonstrate a practical approach to

evaluation in this area.
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APPENDIX A

Affective Attributes of Scientists
(Nay and Crocker, 1970, pp. 61-62)

Interests .

(The motivation for a person to become a scientist and
continue to be one.)

1.1 Understanding natural phenomena

1.11 Curiosity
1.12 Pascination

1.2  Contributing to knowledge and human wvelfare

1. 21 Excitement

1.22 Enthusiasnm

1.23 Ambition )
1.24 Pride )

1.25 Satisfaction

Operational Adjustments

(Primary behaviours which underlie competence and
succegs in science, and performance at recognized
standards.)

2.1 Dedication or commitment

2.11 Perseverance (persistence)
2.12 Patience

2.13 Self-discipline

2.14 Selflessness

2.15 Responsibility

2.16 Dependability

2.2 Experimental requiremenis.

2.21 Systematism (methodicalness)
2.22 Thoroughness

\2.23 Precision

2.24 Sensitivity ‘
2.25 Alertness for the unexpected -

2.3 1Initiative and resourcefulness -

2.31 Pragmatise (common-sensical)

2.32 Courage (daring, venturesomeness)

2.33 Self-direction (independence

2.34 Self-reliance ‘

2.35 Confidence

2.36 Flexibility Y
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Aggressiveness

2.4 Relations with peers

2.41
2.42
2.43
2.44
2.45

»

Cooperation
Altruism
Compronmise
Modesty (humility)
Tolerance

Attitudes or Intellectual Adjustments

(Intellectual behaviors which are foundational to the
scientist's contributioh to or acceptance of new
scientific knowledge.)

3.1 Scientific Integrify

3.1
3.12
3.13
3. 14
3.15
3.16
"3.17

Objectivity
open-mindedness
Honesty
Suspended judgment (restraint) ]
Respect -for evidence (reliance on fact)
Willingness to change opinions
Idea sharing

I
\

3.2 Critical requirements

3.21 Critical mindedness -

3.22 Skepticisnm a2 -

3.23 Questioning attithde

3.24 Disciplined thlnklng

3.25 Anti-authoritarianism

3.26 Self-criticism
Appreciations

(Relative to the foundations dnd dynamics of science.)

£

4.1 The history of science

4.11,

4.12
4.13
4. 14
4.15

4.16

4.21

The social basis or the development of modern
science

The "two cultures"

Contributions made by individual scientists

.The contritubion made by science to social

progress and meljoration

The relationshlp between science and
technology ,

The exponential growth of science

- 4.2 The nature of science

The process of sciemtific inquiry
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The tentative and reévisionary character of
scientific knowledge '
The strengths and limitations of sciepce
The value of one's own contribution and the
debt owing other scientists

The communality of sc1ent1f1c ideas.

The esthetics and parsimony in scientific
theory

The power of 1nd1v1dual and cooperative
effort

The power of loglcal reasoning (ratlonallty)
The causal, relativistic, and probabilistic
nature of phenomena

Values and/or Beliefs

(In

5.1

5.3

the realm of philosophy, ethics, politics, etc.)

Philosophy

5.11 The uniyverse is "real"

§.12 The universe is comprehensible (knovable)
through observation and rational thought

5.13 The(hnlverse is not capricious

Ethical

5.21 Science is amoral but scientists have the-
responsibility to interpret the consequences

- of their work

5.22 Humanism is the highest ideal

Social

5.31 Science must serve the needs of soc1ety

5.32 Science flourishes best in a free and

democratic society
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APPENDIX B

TEST ON SCIENTIFIC ATTITUDE

M. J. Kozlow - M. A. Nay
University of Alberta : ‘ University of Alberta
Directions:

1. Each question or incomplete statement is followed by
four possible answers. Read each question and
decide which is the ONE best answer. Mark your
ansvers on the separate answer sheet. Make certein
that the number on the answer sheet corresponds to
the number of the question that you are ansverlng.

2.. Since each questlon has only four alternatives, ignore
column E on the answer sheet.

3. Do not vrite in this test booklet.

4. Read each question carefully but do not spend too much
t1me on any one question. Answer all questions.

5. Mark only ONE answer for each question.

Example: - : S AnswerjSheet
200. A person who dedicates ~  200. Al B2 C3 D4 ES

his Iife to the study of
chemistry is a
A. Biologist T ' C
B. Physicist '

C. Chenist . o

D. 2Zoologist

N

- The test questions are presented in this Appendix under
-the headings of Cognitive Component Subtest and Intent
Component Subtest. When the test was administered to
students, all 40 items were given as one test and the
cognltlve items were nlxed vith the intent iteams.

!
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COGNITIVE COMPONENT SUBTEST .

Scientists recognize that a scientific theory

should fat _he changed when it is based on a large
amount of dava.

may have to be changed to keep up with a rapidly

changing vworld. : )

may have to be changed when new observations are

made. :
should not be changed when it explains what happens.

to nature. )

A science magazine reports that a scientist produced a
type of water that boils at 450°F under one atmosphere
of pressure. Another scientist’reading this report
would probably :

believe the report if it was written by a highly
respected scientist.

disbelieve the report because he would know that
water boils at 212°F under one atmosphere of
pressure. ‘

do experiments tg try to prove that it is wrongl
neither believe nor disbelieve the report until
other scientists study this problem.

When observations are made that do ngt fit an accepted
scientific theory, scientists usuall .

A.

B.

@]
.

try to adjust the obseryations so that they fit
into the theory. b -

" keep the theory as it is since the nevw observations

cannot be used to improve it. ‘

try to change the theory so that these observations
can be explained.

discard this theory and develop a new one to
explain these observations. _

1The number to the left of each alternative is the
percentage of students out of 307 who chose this :
alternative. The keyqd response for each question is
underlined. i
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A
[

4. When Einstein published his theory of relativity,
another famous scientist was reported to have said,
wpr. Einstein's nev theory has shattered many of ay
scientific beliefs to smithereens." This statement
indicates that the scientist '

52 A. recognized that scientific knowledge is)subject to
. change.
19 B. held some wrong scientific beliefs without knowing
it. _ ~
3 c. did not believe in the old theory very s@fongly.
25 p. did not have sufficient evidence to supp@rt-his

original beliefs.

Questions S and 6 refer to the following paragraph.

Priestley and lavoisier are often referred to as the
nfathers of modern chemistry". Both of thenm accepted the
phlogiston theory of combustion (all materials give off a
substance called phlogiston whe¢n.they burn). Hovever,
Lavoisier did many experiments ‘on burning and developed our

podern theory of combustion in which he said that oxygen is
always involved. priestley never accepted this theory.

S. Which one of the following is generally true abou
scientists, but was NOT demonstrated by Priestley [in
the above situation? ~

8 A. Some scientists believe more strongly in their
theories.

15 B. Some scientists go overboard in demanding o
experimental evidence before changing their ideas.

11 C. Scientists do not have to believe in new theories.

66 D. Scientists accept new theories when they are
consistent with experimental data. ’

6. Which one of the following is NOT true about Lavoisier
in the above situation? ‘ '

55 A. He believed that his theory of combustion would not
' be changed. ’ B -
10 B. He recognized that theories are likely to change. i
9 C.. He was prepared to consider ideas presented by ‘
: others. o '
. 27 D. Be developed a nevw theory to explain nev evidence.

Questidhs 7 and 8 refer to the following paragraph.

The German scientist, Schleiden, ghblished a report on
“the origin of plant cells (1838). He gade!several" _ p

’
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observations on the productive cells of some plants and made
the following statements:: )

21

'-Questiqgs 9 and 10 refer tovthe,folloiing paragraphzg‘ )
: & ‘ l - ’ N ‘ .

L

It is an absolute law that every cell takes its
origin as a very small vesicle ( small bladder] and
grows only slowly to its defined size. The process
of cell formation which I have just described

. . . is that process which I was able to follow
in most of the plants which I have studied. Yet
many modificatigns of this development can be
observed . . . . Nevertheless, the general law
remains incontestable [ cannot be questioned)

. - - L

which one of the following is generally true about

scientists but was NOP¥demonstrated by Schleiden in the

above situation?

based on limited data. :

A. Scientists try to avoid making generél stateméhts,'

B. Scientists are usually careful to refrt éxactly |

what they observe.

C. Scientists collect large;amounts of data‘ih;drder'(

c,,,1;t,),,de\relop lavs of - nature.

¥

p.#MYcientists often ignore observations ifvthej do nmot "

‘quite fit into their theories.

-

some aspects of Sclleiden's theory were 1atér.Shqin to
be inaccurate. The most probable reason wvhy his theory

was NOT completely accurate is that he

A. was not able to obtain modern instruments to use in’

his investigation. o L
B. did not make his theory explain all of his
observations. : , :

C. tried to develop a theory to,explain the origin"qf, ‘

- "all cells. e o
D. felt that his theory could not be questioned.

\

)

Galileo gathered much evidence on stars, motion of objects,
etc. which-gave 'rise to ideas .contrary to those held by the
philosophers of his time. The philosophers forced Galileo to .

recant some of these ideas (say he was wrong
him from practicing science.

9.

9

0

Which one of thé following best appIiesvio this
situation: CL : o ' R

N\ .

v
.

) ‘and stopped -

Ao Galiléo should hdvexcollected nqre evidence peforé
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eing with the philogophers.

's ideas became wrong when he recanted.
'should have avoided those investigations

vd to dlsagreement with the philosophers.
‘was justified in questioning the beliefs of
‘losophers.

treatment of Galileo, the philosophers

oved that they did not have a proper respect for
idence~

emed to think that they knew all that there vas
o knov.

fwere not willing to change their ideas in the face
"of new evidence.

showed all of the above characteristics.

-

to
1o

ek NI

. Brown, Jones, and Smith are medical researchers.

one independently investigated the cancer-

pcing effect of compounds in tar on rats. Dr. Brown
ted that there was no effect. Some time later,

'Drs. Jones and Smith reported that these compounds
highly cancer-producing. Which one of the -

1ing was probably the HOSE important reason for
wn's results? S

11.

A

not consider all .the evidence:

‘d not do a sufficient number of controlled
perlments.

&F He vas in.a hurry to report his results first.
. He: d1d not analyze his data properly’.

54 B4

25
14

oo |

12, If a scientist had to choose between two theorles, he
- would probably support the theery which
2 A. most other modern scientists feel is more likely to
be correct.
3 B. has more practical value.
40 c. 1is based on a larger number of observations.
85 D. explains the available observations more
satisfactorily. .

13. When Arrhenius flri% proposed his theory of ionization
(salts break up in¥o ions when they dissolve in water),
very fev scientists vere willing to support it. Which
.one of the following is the HQST- probable reasqgg for
this d;sagreenent. S

22 L.h Arrhenlus gave a different 1nterpretat10n to the |
. .observations related to this probles.
S B.- The scientists who ‘would not support this theory
_ - were not as imaginatiwe as Arrhemius.
. 47 c. Arrhenius 4id not have enongh evidence to support
' his theoxy. o
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D.. The scientists who would not support this theory
vere less willing to risk criticisa.

A Scientist was studying an ore from the moon in an
at pt to obtain a new metal from it. He made several
tegiaebut he did not find evidence of a new metal.
Hove®gr, he did identify a peculiar, gas which he

\Wobtained. during one of the tests. He probably would

have

A. reported that the ore did not contain a new metal’

B. reported that portion of his investigation related
to the gas.

C. ., not made any report because he did not solve his
problen.

D. not made any report until he was able to get
another scientist to confirm his 1dent1f1cat10n of
the gas.

Quite often it is possible to give several different
explanations for a particular set of observations.
Which one of the following would NOT be generally true
about such explanatlons?

A. 0Only one of these éxplanations could be the true
scientific etylanatfbn.

B. 2All other things being equal, the explanation.which
'is the most widely known is likely to be the
accepted one. . .

C. The explandtion whlch suggests the greatest
possibility for further S&udy is likely to be the
one which most scidntists use.

D. All these explanations would be atceptable if they
explain the observat;ons. \

Al
L

Quite often two groups of 1entlsts wlll support
"opposing theories about so aspect of" science. Which

one of the follofing vould the NOST important point

. to consider in settling such' @ controversy.

39

wn

2

17.
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58
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A. Both theories give satisfaatory ekplanatlons for
the observations related to\the p{oblem, but one
theory has more practical applications.

B. One group of sc1ent1sts believe more strongly in

' their theory. -

C. .One group contaiis sgveral sc1entlsts vho have wdn

. the Nobel Prize' for ‘science.

D. 'Different conclusions are reached+when the two

theories are applied to’ certain pr?blens.

2 sc1entist shows that he is open--inded vhen he
, discusses his 1deas w1th other sc1entists.,7
B. evaluates ideas uhlch do not agtee with hls‘

<
A

\ . .'“' o K . v‘.:. \ )
. .. :\
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theories.
9 C. agrees with the ideas presented by other
scientists. .
18 D. asks other sc1entr!§§'to provide experimental
’ ev1dence to support ;heir argunents.
18. Theorles in science are generally accepted when it can -
be shown that they explain all of the related
observationZ' However, it is possible that exceptions
to the theory may exist'but are still undiscovered.
Which one of the follov1ng is the BEST approach to this
-problem? ° -

42 A. The limits unéer vhlch the theory has been shown to
apply should be carefully stated and the theory
) should be used within these limits.
.16 B. Sq}ehtlsts should provide several theories to
//// ' explain a given set of observations so that if
' exceptions to one theory, are fdund, they will have
others to rely on.
22 C. Scientists should not accept a theory unt;l they
. are certain that exceptions to it do not exist.
20 D. - When exceptions are.discovered, scientists’ should
“abandon the theory and look'for a new one.
19. Which one of the following is NOT an 1mportant reason
why . scientists often repeat the experlments reported by
+ . other sc1entlsts? L
e : - B ) o
21 A. A scientist could be so intent on finding a N
- Eecific ansver that he might subconsc1ously
serve only what he wants to see in his
experiments. -
47 B.. This helps to keep scientists careful and honest
) when making ob3ervations and reporting results. '
18 C. Other scCiefitists might. give a different
interpretation to the samasrbbservations.
14 D. The first scientist. uight ovelilook a sigplficant
:variable in hlsoexperlment.

20. 1 sc1ent1st has a theory for vh1ch hﬁ*@eeds sore
' evidence. He does experiments and fig#E that some of,
‘- ¢ the'results dq not support his theory. Hﬁ he reports
. his theory, he omitsg those results whlch NOT fit. In

thls case, the §Eténtlst .

A. ‘had a theory vhich did not havé any practlégi value.
B. ‘considered several posslblehexplanatlons.
C. made his theory explaln-part of .the experlmental
resilts. - -

D. made the experlnenfal results: agree with his theory. '
NOTE: Question 20 was omitted from the data analysis because
' of a typlng error in the test copy. '

v#n'
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- INTENT COMPONENT SUBTEST
. ' ’ ’

K}

™

Scientists have gquestioned many rellglous beliefs.
Which one of the following best expresses the way you
feel concerning this matter?

i

A. VWhen scientific theories question religious
beliefs, it is better to keep the religious
beliefs. :

B. 1 now question all of my rellgld“B beliefs since
science has cast doubt on some of them.

Cc. I have two separate thought compartments (one for
my religious beliefs and one for scientific
knowledge) .

D. I will ké¢ep my rellglous beliefs until sc1entlsts
prove them to be wrong.

Imagine that you- have' just finished a. laboratory
investigation. Your measurements all agree except two.
Which of the following would you do?

A. Include the two odd measurements in your report but
- omit them from calculations. ' _
B. :Adjust the two odd measurements to make them agree
better with the others.

C. .Take more measurements.

D. Use all the measurements as they are vhen doing
calculat1ons.

Consider the following data concerning f luoridation of
the public water supply:

Fluorides help prevent cavities in children's
teeth but do not help adult teeth.
Small amounts of fluorides appear to have no
long-term' harsful effects.
The easiest and cheapest way to administer
fluorides is through the public water suEply.
The fluoride content of lakes and .oceans is
increasing as a result of fluorides-inm the
public water supply.

~ uorides can be put in mllk for children.

»8

»
Ve

thch/one of the follovlng best describes your point of
v1ev after considering the above 1nformatlon7

[}
A. You would be against fluoridation.
B, You wotld be uncertaim as to which side to support.
C. #You would be in favor of fluoridation.
B.. You would. 1ose interest in the problel because the

evidence is too indefinite.

N S
r w2
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"Light travels as a stream of particles."

"Light travels as a wave."

If you came across these two statements in two
different science books, which of the following would
you do?

A. Ask your teacher to tell you which statement to
accept.

B. Check other science books for statements on this
topic.

C. Assume -that scientists are not certain as to how
light travels.

D. Accept the statement in the newer book.

Imagine you are living in a small town on the banks of
a river not far from a large industrial city. Your town
has just experienced a severe flood for the first time
in its history. Some people are saying that it was
caused by increased rainfall due to the smog from the
nearby lndustry. which one of the following best
expressées your evaluatlon of this claim?

A. This is a popular opinion for which there is no
evidence.

B. \ People are making this claim because of their
prejudice against smogqg.

C. This is a valid conclusion based on sufficient
evidence.

D. This is-a popular opinion backed by some evidence.

Suppose that you and a friend both did the same
experimept to determine whether or not sunlight is
required for plants to produce starch. Both of you
tested a leaf from a plant that had been left in the
dark for two days. Then you both tested a leaf from a
plant that had been left in the sunlight. Your friend
found starch in both leaves. You found starch only 1n
the leaf from the plant’ that had been left in the
sunlight. Which one of the following would be the most

gaasonable thing for you to do?

A. Accept your own result because text books say that
plants in the dark should’ not produce starch.

B. Have both of you repeat the experiment.

C. 'Accept the result obtained by the bnexof you who
knows the most about science,

D. Ask your teacher to dec1de vhich result should be‘
accepted. » .

Suppose you vanted to determine which types  of -
mosquitoés cause malaria. You obtained three kinds
(Types A, B, and C) and examined the digestive tracts
of each for malaria parasites. You found soke only in

v
a
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Type B mosquitoes. You concluded from this that malarjia
is spread by Type B but not by Types A and C
mosquitoes. Which of the following describes your
conclusion?

A. Your conclusion does not agree with the evidence.

B. Your conclusion is valid in light of the evidence.

C. Your conclusion is justified, but more evidence
should be obtained.

D. You did not obtain enough evidence to make a
conclusion.

., Some medical researchers say that marijuana does

permanent damage to the brain, while others say that it
is no more harmful than alcoho}. In the light of this
information, which of the following would you be
inclined to do?

A. Not smoke it because it is probably harmful.

B. 1Ignore the evidence that it might be harmful and
smoke it if you wanted to.

C. Smoke it because it is probably no more harmful
than alcohol.

D. 3Put off any decision about smoking it until more
definite knowledge is obtained about_its effects.

"Many people have cycles of mental depression which
correspond to the phases of the moon." Which one of the
following best represents your reaction to this
statement?

A. One should be willing to consider the possibility
that there may be some truth to superstitions of
this nature.

B. Scientists could never prove or disprove this idea.

C. It is an incorrect idea, but it is useful to nany
people.

D. There seems to be some truth in this statement.

: o

Below are a number of points of view regarding the

teaching of the theory of evolution in biology class.

In your opinion, this theory should be

A. omitted from the biology course.

B. presented to the class, but its controversial
aspects should not be discussed.

C. discussed thoroughly in class with all, students
present.

d. discussed openly in class, but those students who
do not want to listen should be permitted to leave.

’
]

Suppose you live near a large industrial plant. You .
find that the rose bushes in your yard die in a short
while, but your lawn remains in perfect condition. You
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suspect that the fumes from the industrial plant are
the cause. #hich one of the following would be the most
reasonable course of action for you to take?

A.  Study the effect of the fumes on healthy rose
bushes.
B. Stop growing rose bushes.

'C. Start legal action against the plant for pollution

control.
D. Move away from the plant. -

During a class discussion, a friend of yours said, "The
questions which are really important to man can never
be solved by science." Which one of the following would
probably be your reaction to this statement?

A. Support him because friends should stick together.

B. Not pay any attention to this statement because it
is not worth thinking about.

C. Ask him to present facts and arguments to support
this statement. i

D. Support him becguse you believe that the statement
is true. ‘

Suppose you did a chemistry experiment, but the rdsults
were not what you expected. Which one of the following
would you do?

A. Report the results which were predicted in the
chemistry text.

B. Copy the results from a friend.

C. Report the results that you obtained.

D. Report no results and tell the teacher that the
experiment failed.:

A boy goes skating on a pond and breaks through the
ice. He is rescued and given a drink of hot chocolate
by someone who is sneezing and coughing. A few days
later the boy also has a cold. Which one of the
following best describes the reason for the boy's cold?

A. His cold is due to falllng in the cold water and
getting wet. "

B. He got the cold from the person who rescued hinm.

C. He probably had a cold coming before he went ’
skating..

D. The reason vhy people get colds is not yet known.
for certain. ) -

In an experiment, students blew through limevater and
noted that it turned milky. From this result, most of
them concludéd that their bodies glve off carbon
dioxide. ﬂouever, one girl wrote in her notebook that
since there'is carhon dioxide in the air ve breathe,

%

, - ‘. . o
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the experiment proved nothing. Which one of the
folloving best describes your evaluation of this
situation?

A. The students were justlfled in making their
* conclusion.
B. The girl was justified in doubting the proof.
C. Neither side had sufficient grounds for thelr
statements.
D. Both sides were partly justified in their
statements.

"People born when certain stars are becoming more
prominent show the influence of these stars in their
personalities." People who believe this statement

A. probably have a special ability to understand such
influences.
B. are not critical enough.

.C. are more open-minded than most people.

D. have a disreqgard for scientific evidence.

When evaluating the accuracy of ideas in science texts,
which one ot the following is the most important?

A. How recently the book was published.

E. Whether or not the author is a scientist.

C. The extent to which the ideas have been simplified.
D. How recently the ideas were first presented.

If you came across a scientific idea which goes against
your common sense, which one of the following would you

\

be inclined to 4o0? \
|

to rely on common gense.

B. Disregard common $énse because it is not as
reliable as scientific study.

C. Do an experiment to see whether or not the common

sense is superior to the scientific idea.

D. Try to produce a compromise between the scientific
idea and common sense.

Suppose you had worked several days on a chemistry
experiment. You then accidentally added some sodium
nitrate solution when you should have added silver
nitrate. Which one of the following courses of action
vonld you take? -

A. Start over again as soon as you reallze your -
mistake.

B. Continue with the experiment but if 1t doesn't turn

~out the way it should, start over.

'C. Continue the experiment to See if the nlstake makes

A8

AN ©
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any difference. O
D. As soon as you realize your mistake, add some
silver nitrate solution and continue with the

experiment.

A missionary reported that the root of a plant much
like the Raywolfia plant had been used by an African
witch doctor to cure him of a serious illness. Recent
medical reports show that reserpine, a drug effective
in lowering blood pressure, is extracted fronm
Rauwolfia. Which one of the following is the most
reasonable conclusion that can be drawn from the above
discussion?

A. Since the witch doctor probably did not know
anything about modern drugs, he did not have a
scientific reason for using the roots.

B. The plant was probably not helpful because the
“missionary had no vay of knowing what caused him to
get better.

C. The plant may have been helpful since the
missionary recovered after the witch doctor's
treatment.

D. The plant probably was helpful because the

" Rauwolfia plant contains reserpine.
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APPENDIX C
TEST OF LIKERT ITEMS

This part of the test cohsisis(of 25 statements. You
are asked to indicate whether you agree with each of these
statements. Mark the ansver sheet according to the following
key:

Mark A if you STRONGLY AGREE with the statement.
Mmark B if you PARTLY AGREE with the statement.
Mark C if you PARTLY DISAGREE with the statement.
Mark D if you STRONGLY DISAGREE with the statement

IGNORE column E on the answer sheet.

" Example:, " Answver Sheet

200. People depend on plants 200. Al B2
and animals for food. "

@]
W
IZ
15

s

Since A is marked, this would indicate that you '
strongly agree with this statement.

4
/4

Sote of the Likert items in this list were taken from
the science attitude scales discussed in Chapter II. The
references for these items are included in this appendix.
The remaindgr of the statements were written for use in the
present study. The numbers to the left of each statement are
the percentages of students out of 156 who chose the
indicated response. The response which was assigned a 4 in
the scoring of the test is underliqed for each statement.
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PA PD SD

34 8 4 1.

93 5 2 0 2.
4 1113 72 3.
74 227 3 1 4.
42 45 9 4 5.

?_ . .

8317 0 1 6.
1 621122 1.
6 3 118 8.
4 38 36 22 9.

3258 7 3%¥10.

5136 10 4 11,
.

7 31 27 35 12.
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When a scientist is shown enough e:;3€hce
that one of his ideas is a poor one, he
should change it. (Moore and Sutman, 1970)

It is very important for a scientist to
report exactly what he observes.

Investigation of the possibility of
‘creating life in the laboratory is an
invasion of science into areas where it
does not belong.

Scientists sometimes repeat experiments
done by other people to check their
results.

Scientists should criticize each others
work. (Moore and Sutman, 1970)

It is more important to get along with,
people than to make them angry by trylng
to convince them that they are wrong.

Once a good theory is developed,
scientists should not question it.

When reporting his results, a scientist
should omit those which do not support his
theory.

If a few scientists have evidence which
appears to contradict a current scientific
theory, then the theory is probably wrong.

Many ideas which scientists fipd to be:
useful may not be entirely correct.

It is necessary to questlon perlodlcally
the bas;c truths of sc1ence.

The skeptism of the scientist should be

- Y

-~
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limited to his work. (Schwirian, 1968)

It if useless to listen to a new idea

unless everybody agrees with it. (Moore
and Sutman, 19

When something is explained well, there is
no reason to look for another explanation.
(Moore and Sutman, 1970)

Scientific findingé should not be made
public if they will create controversy.
(Schwirian, 1968)

When the findings or theories of science
conflict with religious belief, it is
better to accept the religious belief.
(Schwirian, 1968)

F

When saome new facts are discovered which -
are not explained by an existing theory,
the unexplained facts may be revised or.
ignored. (Kimball, 1968)

‘ (

A person should not make up his mind untll
he has collected as many facts as
possible.

Before accepting a new theory, a scientist
would want to know how well it explains:
the facts. , e
\./’ .
Scientists should be free to explore all
aspects of man's life and the universe
about him. (Schwirian, 1968) .

Once a person makes up his mind he should
be reluctant to change it.

Religious leaders should take into account -.

the ideas which scientists explore and the
theorles they produce.

-
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When making decisions about drinking
alcohol and smoking, personal preferences
are more important than the results of
scientific studies. |

N

It's important to try and fiqure out why
an experiment which you have done did not
turn out the way the lab manual said it
should.

‘Tt is alright for a student to say he

verified a scientific law, even if his
experimental results were not too good.
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APPENDIX D | ‘

Instructions to Panel For Rating Behaviors

.’ . i H ~»
Panel member: . » ] A

The affective domain in science has been defined'in\
terms of affective attributes which scientists exhibit in
their work and in their relationships with their peers yzay
and Crocker, 1970). I feel that many of these attributes can
also be observdd in students as they do science work at \
school. The identification of the presence or absence of
these attributes in students can serve as a ,basis for

evaluation of affective objectives, in sc1enée educatlon.

/

i

I an constructlng test items to identify the following
attributes; critical mindedness,. questioning attitude,
suspended jusdement, respect for evidence, honesty,
objectivity, willingness to change opinions, open-
mindedness, and disciplined thinking. As a first step, these

\ attributes-will be defined in behavioral terms. I would
’ greatly appreciate your assistance ig this task.

I have listed a number of behaviors for each/attribute.
Please indicate your opinion ‘regarding the extent to which
each behavior defines.the attribute under which it is
listed, that is, to what extent, would the pre ence of this
behavior indicate tha€ the individual possessés that

" attribute? Check the appropriate square according to the
follovlng key: .
I. “If you feel that the behavior is trivial or that
the behavior is not related to the given attribute.

IT. If you feel that the behavior is an jmportant

e o o . o

defining characteristic of the attribute

I1I. If you feel that the behav1or is a yvery 1mportant
deflnlng characteristic of the attribute. )

These .three categories will be uelghted on the
following ‘scale: .

\;\ﬁ - 1-0, TI-1, IIT-2 | T |
. R . " ) B . . . 1 8
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‘demonstrates critical mindedness when he:

SN

I IT III TOTAL? -
1 8 2 12 -re-evaluates previous solutions to problems ‘
4 4 3 10 -subjects his own ideas to evaluatjons by
. othérs
4 S 2 9 -makes his own observations
0 1 10 21* -looks for inconsistencies in statements and
. conclusions '
1 6 4 14x -consults a number of authorities when seeklng
information
5 4 2 8 -searches for new methods ‘of lnvestlgatlng a
_ problem
0o 3 8 19% -looks .for empirical evidence to support or
) ~ cohtradict explanations
3 5 3 11 -repeats a procedure several times to compare
; results .
2 1 2° 11 -examines many sidges of a problem and

considers severall possible solutions
1 6 4. 14x -asks many questions starting’ uhat where,
why, when and how

2 6 3 12 -insists on hearing more than one oplnlon ‘on a
topic :

1 2 8 18* -challenges the valldlty of unsupported
statements .

——— i e e e i e . e . G o

A szgﬁent démonstrates suspended judgment when he:
. ,

1T II TOTAL .
2 7 2 11 -repeats procedures several times and compares
) , : results 1§ ;o
3 6 2 10 -examines many sides gé‘a problem and
' considers several po¥Sible solutions
1 4 6 16* -generalizes only to the degree justlfled by
-~ available evidence
T 3 8 19% -collects as much data as possible before
: , drawlng conclusions
1 3. 7 17¢ -recogniges conclusioms as being tentative
0 9 2 13* -consults several authorities (texts,
periodicals, people) before drawing
, . . conclusionsg
3 5 3 N -recognlzes ‘that kn vledge is 1nconplete
' ~

-
v

1 The first three columns contain the number of panel

‘members out of 11.that responded I, II and III. The total/is .

/

the following sum Ix0 + IIx1 + 'IIIx2. The totals' are
followed by an * for those behav1ors uhlch vere_ selected for
the fingl deflnitions. R '



A student demonstrates respect for evidence when he:

I II IITI TOTAL.
0 2 9 20% -looks for empirical evidence to support or
| contradict explanations

1 8 2 12 -makes his own observations

17 4 15% -collects as much data as possible before
drawing conclusions

5 4 2 8 -collects data to determine the degree of
reliability of common superstitions

6 5 16* -demands that explanations fit the facts

0 2 9 20* -demands supportive evidence for

_ unsubstantiated statements

0 S 6" 17* -supplies empirical evidepce to support his
statements ‘

!

I II IIT TOTAL
0 2 .9 20%x -reports observations: even when they
contradict his hypotheses - .
0 6 5 16% éacknovledges work done by others
1 4 6 16* -considers all available information when
‘ formlng generalizations and drawlng
conclusions
5 3 3 9 -states the basic assumptlons inherent in
solving a problenm
10 -reports many sides of an argument
3 -offers constructive cr1t1c1Sm of other
peoples' work

[¥%)
w o
oN

A student demonstrates objeetivity when he:

i1 111 TOTAL . | o
7 2 11 -bases his‘conllusions upon evidence from a
variety of ‘sources

0 0 11 22% -considers a available data (not only t!‘b
)

N =

o ©

portion which sup his prior hypothe
3 3 'S5 13 -listens to severa o;§q$P:: on a topic
W 1 100 -reads several sources e sé;pg various
v aspects of a given topic [
5 4 2 8 -makes statements only when they can be
substanth;ed <
3 8 19 —reports observations even vhen they
o ‘contradict his hypotheses :
7 4 15* -considers and evaluates ideas presented by
, : others’
1 5 5 15% -examines many sides of a problenm and
: ~ conpsiders’ several possible solutions
7 -4 - 15% -considers’ both pros and cons ‘'when evaluating

a 51tuat10n



A student demonstrates willingness to change gpifiions when
he: ’ ’

I II III TOTAL . o
1 3 8 19% -recognizes conclusions as being tentative
0O 8 3 14% -recognizes that knovledge is incomplets
o 7 4 15« -considers and evaluates ideas presented by
: others - . :
4 4 3 10. -evaluates reports of new theories
2 7 2 11 -seeks and confiders new evidence
0 8° 3 14%x -evaluates evidence which con%radict his
hypotheses o ‘ - : .
20% -alters his hypotheses when necessary to

(o]
N
O

accommodate empiricdl data

»

- A student demonstrates ogen-niﬁdgdness wvhen he:

I II III TOTAL e -
o 1 4 15% -considers and evaluates ideas presented by

others . .
0 7 .'86 15% -eyaluates evidence which contradicts his
hypotheses

3 4 4 12 -alters his hypotheses wvhen necessary to
‘ accommodate empirical data.

4 6 1 ° 8 -reads several sources expressing various
- aspects of a given topic ‘.
3 5 3 11 -is willing to listen-.to several opinions .en a

- dgiven topic ,

3 8 ©0 8 -evaluates repqrts of nev theories
1.5 5 15% -considers several possible options when
. - investigating a problem _
0 5. 6 .17* -considers both pros and cons vhen evaluating

a situvation

/ -b. v

v

$

a
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7
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7
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1
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20
16
9

20

2 1
S 13
2 5
7 18%
13+
3* N
6 17%
2 10
4 13
7  16%
1 N
8 18

-organizes data for the pu
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‘APPENDIX
M

Instructions To The Teachers For Student Ratings
'

'

I have developed test items to identify the following
characteristics: critical mindedness (Questioning attitude),
suspended judgement (restraint), respect for evidence
(reliance on fzft), honesty, objectivity (open-mindedness),
and willingnes$ to change opinions. Spohe of the test items
require the students to recognize how these characteristics
influence scientists in their work. ThdPother test items ask
the students to indicate the extent to which they would
exhibit these characteristics in various situations. The
test items are based on the follovwing defiritions:

Looks for inconsistendies in statements and .
conclusions.

Looks for evidence to support or contradict

explanations.

Challenges the validity of unsupported statements.

Consults a number of authorities when seeking

information. :

Asks many questions beginning why, -who, what, where,

and how.

-

The student demonstrates §g§ggg§gg Jjudgement when he:
Generalizes only to the degree justified by available
evidence. - ,

Collects as much data as possible before drawing

conclusions. 4

Recognizes conclusions as being tentative. ,
‘“ Consults several authorities (texts, periodicals, _

people) before drawinyg conclusions.

N

i

-

The student demonstrates respect for evidence wheh he: _—

Looks for evidence to support or contradict

explanations. ‘ i ‘

Demands supportive evidence for umsiubstantiated
statements. v . ‘

_Supplies evidence to support his-statements. ' .

- Demands that explanations fit the facts.

Collects as much data as possible before dréiing
conc;usipns. , 1 | ,
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Reports observations even when they'contradict his
hypotheses.

Acknowledges work done by others.

Considers all available information when forming
generalizations and drawing conclusions.

\

Ky -/

H

Considers all available data (not only that portion’
which supports his prior hypotheses).

Considers both pros and cons when evaluating a
situation. )

Examines many sides of a problem and considers several
possible solutions.

Considers and evaluates ideas presented by others.

]

The student demonstrates !'1;;gggg§§ to ghange opinions wheﬁ
he:

Recognizes conclusions as being tentative.
Recognizes that knowledge is incomplete.

Alters his hypotheses when necessary to accommodate
data.

Evaluates evidence which contradict hlS hypotheses.
Considers and evaluates ideas presented by others.
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Please reread these definitions and try to form an
overall picture of what I am trying to measure with my test.
The purpose of the student rating which I will be asking you
to do is to identify those students which tend to exhibit
these characteristics to a high degree and those students
wvhich do not exhibit these characteristics. YQu will be
asked to make one rating for each student, that is, to rate
the students on the total set of behaviors listed above, not
on each separate characteristic. You will be asked to rate
each student on a four point scale. In your opinion, student

A o

. 2 3. 4.
does not exhibit increasing tendency frequently
these behaviors to exhibit these exhibits these
to any noticeable behaviors behaviors
degree

The following points shopld be considered when giving your
rating:

Your observations of the student's behavior in science
class. o )

The student's participationm in science clubs or related
extra~curricular activities. O '

The student's use of the library facilities.

Do not use the student's marks on science achievement tests
as a criterion for giving your rating.
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t APPENDIX F
}
TETRACHORIC CORRELATIONS FOR 39 TEST ITEMS FROM TOSA
FOR 307 STUDENTS

ITEM 1,2 3 4 5 6 7 8 9 10 11 12 13
1 100

2 -18 100

3 27 04 100° C

4 -15 11 -05 100 s / .

5 10 10 07 01 100 ) 3

6 -01 14 13 -06 34 100 £

7 16 26 27 02 27 27 100

8 18 02 29 -18 05 04 -03 100

9 12 04 -07V -08 02 03 18 08 100

10 14 26 20 -01 06 15 34 12 36 100

11 -14 -14 03 12 05 -08 -12 08 13 11 100

12 12 11 07 04 -03 25 21 13 03 22 -02 100

13 13 20 01 13 13 05 15 02 07 22 -08 14 100
14 07 -14 14 10 09 01 06 04 01 28 -08 03 09
15 15 -19 10 -12 10 13 06 28 -05 20 -10 15 -0u
16 -03 -07 20 -10 05 -03 01 -01 29 14 01 -09 13
17 17 08 25 -06 12 25 20 11 19 27 06 10 27
18  03--01 14 412 26 06 15 03 11 20 -03 06 20
19 -17 -14 -21 28 -17 -10 -30 -09 14 -30 05 -10 -19
21 02 01:17 -01 01 -01 06 07 ~08 -08 -16 05 07
22 -10 05 05 18 -36 23 -11 -13 -36 -36 -29 -04 03
23 13 15 04 03 10 10 -03 -04 -01 11 01 -02 07
24 -05 -04 -11 04 -01 18 10 -13 08 -01 14 13 02
25 =01 12 -02 09 06 07 19 -21° 11 06 04 03 -07
26 15 17 01 28 31 43 11 -07 42 43 13 10 35
27 02 09 14 04 12 01 17 -02 -03 09 -10 -01 30
28 18 17 -10 11 04 12 08 -02 10« 17 -04 " 01 02
29 23 15 09 09 17 07 17 -04 15 21 -03 -01

30 08 07 04 14 01 .03 03 16 25 -01 15 10
31 03 04 01 20 -04 %,10 -18 03 10 16 10 -18
32 29 -17 -08 -03 21 29§ 02 23 30 06 16 01
33 -21 10 04 12 06 14 14 55 43 30 39 -15
34 07 12 11 15 -01 -01 07 10 14, 16 03 15
35 -17 09 -01 -02 12 22 16 05 -06. 23.-07 01 -03
36 -06 14 20 -09 13 02 20 -04 ~-12°' 22 -0 -05,-07
37 01 10 -02 -02 -08 08 -04 21 -04 -05 10 -05 -11
38 .-11 -01 -10 " 13 -01 -04 03 -22 16 11 05 .-02 -09
-39 21 -02 -17 06 -18, 12 -04 07 -07 10 08 -07 07
40 10 -09 -11 -05 -04 -06 11 -11 =20

rOZ

13 =07 05

t
=

The item numbers in the gorrelation matrix correspond to the
item numbers in Appendix B. Item 20 has beenjomitted. The

correlation coeficients have been multiplied by a factor of

100.
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ITEM 14 15 16 17 18 19 21 22 23 24.°25 26 27
14 . 100 A
15 02 100
16 03 -06 100
17 10 26 14 100 -
18 15 27 06 19 100
19 05 14 11 -13 02 100
21 13 05 06 05 -03°-15 100 .
2201 -13 -08 -10 -10 14 -29 100
.23 =08 01 02 07 -01 07 -13 -16.100
24 -0€ 02 -03 07. 05 ,-03 -13 19 -13 100
25 -08 -03 -06 -05 -07 12 -05 -06 -03 -03 100.
26 -07 02 12 15 25 -11 -04 31 25 30 -02 100
27 -04 -11 13 04 16 -03 18 11 -01 12 02 11 t00
28 -10 10°-06 07 12 -17 15 32 -08 -01 -01 04 10.
29 01 -09 06 -16 -01 -16 09 -10 31 -17 -01 21 20
30 14 -08 15 19 19 -11 28 -24 16 05 15+ 17 08
31 -02 -68 13 -08 -09 =17 01 24 10 04 01 22.-03
32 03 -18 -08 -14 -01 -17 -19 20 -08. 15 17 46 18
33 -09 25 16 28 39 -02 20 -04 -15 18 =10 45 =02
36 -10. 18: 13 -07 O4 01 22 -07 02 -01 07 22 06
35 04 14 -11 19 14 02 08 14 10 -01 -02 21 05
36 0% 07 13 14 04 -06 03 22 23 -01 -01 13 10
37 =13 05 -09 01 03 12 04 13 04 21 13 07 -07
38. -08 -11 10 -04 -10 02 -16 O4 -02 09 01 31 03
39 05 -02 01 -01 -11 02 -06 -36 -10 17 13 16 -17
40 .-07 -C8 -06 -09 -05 03 -07 07 08--05 04 -03 09
-—— = . —————
ITEM 28 29 30 31 32 33 34 35 36 37 38- 39 +40
28 100 ,
29 17 A00
30 09 4 100
31 38 23 14 100 ‘ |
32 41 15 08 41 100 - *
33 23 =05 10 52 26 100
34 22 23 04 13 19 - 26 100
35 18 15 -08 05 26 06 -02 100" .
36 =18 32 -09.-03 -19 -28 -09 Q4 100
37 -04 10 07 O4 11 23 -02 03 14 100 "
38 10 -01 08 16 27 16 10 -18 07 -14.100
39 -10 -02 -07 02 17 -07 ‘06 -01 -10 18 06 100
40 19 -01 08 01 .06 =07

-15,

16 04 22 -11 11 100

ol

v
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INTERCORRELATIONS FOR THE NINE FACTORS
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- ——————— ——— v —— o — i —— - = —— P w_ e " - ————— -

FACTOR 1 2 3 4

100
18 100
-05 -01 100

01 -02 02 100

OO dD N & WK =

-06 -10" 14 -16 100
01 -01 01 01 05
05 02 -11 02 -15
05 -01 -01 -02 04
-08 -11 =01 -08 11

100
01
07
07

The correlation coefficients have been multiplied by a

factor of 100.

7 8 9
100
-02 100
-07 -03 100




