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A’nsrnw:-r L

The- purpose of the invest%gation was to appra)ae the

roles of cogn;tlve style ahd physics achlevement in relation -

., s , Fae

4'.
to certaln propertles of tests used to assep; physics

e, achievement. et ;5;' o _ ,;,“

- L .a-

The alsensgent context of a teat 1tem unc definnd as

a property 1nd1cat1nq how closely the item conformeddko ‘the

features of real-life," Qut—of—schoolv91tuatlons as opposed

to-the feqtures'of»standard‘classroom test situations. ) ~\'

v

Physics items low in assessment context possess the
feifures resembllng the real-life sltuatlon,'namely. {)3‘
. mlnlmal redundancy of the essent1al physxcs infermation,

. e 2) 1rrelevant ‘physics 1nformatloh, and 3) two or more phys-

. ¢
«

ics concepts among the~response alternatlues. The - items w;___.-x

~

" high in assessment context possess: 1) redundancy of the

°

essential physics informatioq, 2) no irrelevant physics_

.

information, and'ﬁ)‘only,oneiphysics concept among the

response altequtives. A 20 item, multlple choice test with

°

© 1temsuh1gh in assessment context was’ constructed and two

[

20 item tests haV1ng 1tems low in assessment context.> One

of the latteratests was a qultlple/ah01ceutest, the other .

‘consisted ofvdiagremmatic items with a free.response formet..
The literature was reviewed on evaluating physics

achievement and the cocnitive_styles of field independence , =

“ , : . e .

o . . -
and breadth.of categorizatioﬂ.» From the literature review,

N . ) . LB . .
/ » and an anaib51s qi the* propertles of the assessment context
. . o 4 » . . . .
¢ : i L e ° . : BN i e

iv - . .
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tutya nun;bér M hypdthones wdrd oqmtrueth. u‘An dmpiriul

nway uan cqndacm with ux paasmi of’ high -cnoo1 physics .’_ L

i , ,’ .oniouh:‘in Ordet to test t‘he ligpothbu{\ 'lrhg relation:him - '

: »,‘ yng tﬂe variableq vmre indentigat”d hy vam,mu statinticall‘ ;
*&

hniqu;es inélbding hareon correlation, canom:caL correla-—"'?

tion’Snd muftiple limsar regreuion ax‘aalysi‘q. o '_ ' ’ )
e . !t revalts DE - ingawtigation’ thdidated that M Tk
’ t- o of catPgorization wds significantly positively asaocmted <"‘
T wn:h verbal ahd quamtitative abjility’ but not w:.th physicL
,-4. achlevewnnﬁ or assessment context Field 1ndependence

»

- although um'ablated to verbal and quantltatzve' ability was
G‘t'\ s:u;n;flcant}i ppsztively relaté’d w1th all measures 1nVolv1rb
- physics ach’! Venfent however, when added to physi,cs achleve-
ment .as a predlctor of “succesd on the assessment context
~tes°{-:sw,"1e1d 1ndependence 1mproved 51qn1f1cantly the predlc—
».tion of only thevtest conslstlng of items high in assesement
context - ’ o B _ e *
".The study also produced evidence on the effects of
certaln rion- standard features of test 1tems>ang'on the
relatlonshlp of fleld Lndependence w1th Verbal and quantlta—‘
t1ve ablllty '
Ar{51ng from the findings of the study wefe a number of
sﬁggestionsifor further fesearcn_end'inplications for the

< - ° -'?
teaching of physics. . - o o T
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® - CHAPTER 1

. - THE PROBLEM . ) N

Introduction

That students be able to apply  their sciencé knowledge

'Peyond the classroom has been a continuing concern of

science teacher? (Smith and Tqler, 1942; Lewis, 1965). How-

ever, the out-o —school° or real-lffe situations in which

‘science knogiedge c be applied are difficult’to'analyze

from the educatlonal point of. v1ew since they are complex as

COmpared thh problem 51tuatmans descrlbed in textbooks. 1f

a way were found to capture the essence of real—llfe

problems so as to permit their'presedtation in classtroems,
. ’ o .
then teaching—learninb procedures could be devised to enable

students to solve such problems and methods of assessment
1mplemented to determlne if the procedures were successful
To say that- real-life s;tuatlons must be, analyzed teachlng—

1earn1ng procedures devxsed and assessment methods implemen-

ted is not td say that schools are fdiling at the present

'tlme to prepare students. qp;ts~are applying muoh‘of

what théy”have léarned, and fu ther ahalysis and efforts may

‘not result in further improvement. Yet, the continued &~

. Stress on the application-to-life objective implies that all

is not as it could bé. Hurd (1973) has encouraged'science

teachers to 1mprove “their efforts toward educatlng students
4

who are able tp attack the sciepce—social problems facing

“n



»

. N" " ! . . .
them.today. The present investigation is an attempt to

o

elucidate some of the faCtors involved'in preparing science'

L4

students Who are able to apply their knowf%dge in ogp of—

school. sltuathns. The partLCular focus is on asse581ng

students' knowledge .of phy51cs concepts by methods having .

some features of the real-life 51tuatlon. R

)
o

o

Burpose of the Study

" In raising-the 1#sue of the capability of students for

. . o /e X o . .
applying tbeiruknowl dge 1n real life situations several

: ¢ .
students he.taught in ways which are

questioné emerge:
highly‘eﬁfective to secure the objectizg? Are theyupresent?
iyvbeiﬁé taught in ways which are effective? How can
assessments of the ebjective be made in the school situa-

tion? The present study is not ‘concerned with the teaching

methods nor the content of the- science courses as such but

is conCerned with assessment of the real 11fe objectlve in

the school situation.

In comperihg and contrasting the real-life application
of knowledge,and’the-clessreom assessment of applicatien of
knowledge several differences become apparent. For ample,
more\ irrelevant 1nformatlon is present in the" real Esg -
situation than in the c}assroom assessment situation. The
approach followed in the present investigation-is to modify
certain-aspects of the. classroom assessment situetien SO
that some'gualities of the ;ealflife situation are incdrpog—

IS

ated. The basis ‘'of the modifications is outlined in a later

>~



frelatlonshlp of student achlevement in physlcs in the mod1f— j/

_aohlevement on the modified and unmodified tests? Further

. -

/section Qf the chapter at hand, and the Spec1ally con- O

structed phy51cs tests are "described in detail in Chapter 3.

One of the main questlons of the study is: What is thep

o
>

1ed and unmodlfled assessment 81tuatlons? ‘
- The nature of the Jmodified achlevement tests suggests
~
that perceptual or cognltlve abiiltles in addltlon to

sc1ence knowledge may be relevant.xn student performancewaé

the tests The second main questlon of the study is: Are

¢ .
S . . N

other abllltles bes1des science knowledge related'to,
explanations givlng more detail onAthe-pfocedurés followed ' "
are presenteéd in the paragraphs_which'follow;

The carrying out of a logical analysis of real-life

o

situations 1n relatlon to .applying sc1ence knowledge was the

"~ first step of the present 1nvestlgatlon. The purpose of the

analysis was to ascertaln‘the factors Wlth which a person
must contend in applying what has been learned in‘science'to

a real-life situation in which a problem exists. The

.
Iz

factggs which emerged trom the’analysis were used to guide
the preparation‘of'test items having'characteristics similip//
to the real-life situation.: The extent to whlch the charac—
terlstlcs were found in test items was defined as related to
the assessment context of the 1tems; The nature of.the

resulting test itéms suggested that certain characten&stic

ways of perceiving, or cdgnitive styles of students, might

~—
I
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have “an 1mportant‘bearing on thelr capabllities for. answer~';t

dilng thd items. Hence an investlgatlon of the~relatlonsh1p f;i

-
¢ W

f.of assessment context and cognltive style was undertaken.

It also seemed.lmportant to. examlne the.relatlonshlps of

L e :
assessment context and cognltlve style with. respect to other

)

varlables with whlch science teachers are concerned, namely

verbal and guantltatlve ability and sc1ence achlevement.y

\ L4 \-, .

Because scnence achlevement and cognltlve style are such
broad concepts the study "had tolbe narrowed‘for manageabll-
1ty, hence the phy51cs achievement of high school seniors
and the two cognltlve style dlmen51ons of extent of fleld

_1ndependence and breadth of categorizatlon were choSen.- The

reasons for the partlcular ch01ces are descrlbed,ln approp—
N . . \v\r

rlate subsectlons below. R oy R ’ .
. . N .\‘{ ) ‘; ;
The'present chapter-continues with explanations of - tre™ -

[

meanlng of . assessment context and of the cognltlve style
varlables. After clarlfylng the purpose and need for the'
study the - major hypotheses and. desxgn are presented ‘ The
chapter concludes w1th statements of definitions, dellmlta;
tlons and assumptlons followed by an overv1ew'of the entlre
study. :v_ .- h . : ' o K

Assessment Context

Assessment context, as applied in the present study, iso

a varlable property of test items.- lAssessment context is

.

described more fully below and 1ts characterlstlcs are

‘'shown to be derived from the attributes of thoﬁ ac_tualv

-
N



physioel ;ituation: which oxint in our- enwironment and te
whlch a knowledge of scfbnce may be appl;ed Furthormore
the charlcterlstics of the assessment context may be related
to concepts in psychology and science fducation~ |
Asaeeament Lbntex! is & ‘roperty of test itema xndicat-
ing how closely the test ‘items conform to certaln features~

\
of a real 11fe, out-of—school problem situation."The char—

o

acterlstics ‘of the real 11fe situationa to which the assese- .
meqt property.pertalns lnclude the degree to whlch the L
1ntent of the problem is defined, the extent of Enoiee" or
1rre1evant data present, and the number of alternatlve

- . .
solutlons avallable. To 1llustrate more spec1f1cally tho

characterlstlcs of the re&l 11fe srtuatlon as opposed to the

]

classroom test 51tuat10n examples of each ‘are presented

below and salient features;'ln relatlon_to assegsment ‘con-
text, are discuSsed. e o ; .'I°.C)
Suppose that a student has been studylng in physics -

about témperature‘dlfferences and -the method% of heat trans-

fer. ‘He is* presented with the follow1ng test ltem. |

| You are requlred to brlng to a boil a pot of water‘

‘ln ‘as short a tlne as p0531b1e, gzven an electric
stove, pot end lldy some water. State how you '_;,P
would‘heat'quickly the water.” Be sure to mention ‘A}
the roies pieyea by conduction, convection and - |
radiation. = . - -

Now consider—the samie student at home in a situation where



.(‘

formahce in the 4eal situation with the -ssumption that he .

.knows the physics he has studied.

*

In both s;tuations what i8 required as heen made clear

\ . .
to him, one. way or another, so the problems are the same in

4 that respect but they differ in others. wuth the test ifem

the principles of physics which he must apply are suggested
to him, namely those.related to conduction, convection and

radxution. In the actual situution,.however thp words ‘are
notkwritten for him tovread.so he does not have the particu-’

lar;direction-of his attention and the reminders or cues -

&

hiqh'he had in the'test-item Furthermore}”ihe qctualv

~

SLtuacion contains much 1rrelevant information not din the

test item. Fdr example, he may have available ‘a large pot
‘ 4
or a small pot., the stove may have a large element or a

" small element, warm, or cold water may bé available to put in
thelpot, and one"pot.gev,have a tight fitting‘lid anad
another a loose.one:fifhc actual situation- is seen to
contain moré information than éhe test item and some of the
‘inforsmation in the actual situation is irrelevant insofar as
the verbal test item is_concerned. | N

ﬁedges_(1966; P- 10) has notedfthaf'e cood science test’
~item should have a central'theme. In a reel;life'situation;“
_hoggier, there are other factors to,consider as'well as the

main question. In the example above, the type of pot to
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choose, or thc heatxng element on/ the stove to use are ques-
tions whicb arise and which may distpact from the' main ‘theme.
Ebel (19»72,_ p. 199) has stated thst good test items should
not contain unnecessary Or irreiev&nt material, Yet/teal-
lite.aitpations do. In the above exémpl% ‘the weiners of the
real-life situatios may Qr,mdy not habe.plastic casisqs. .
This datum is irrelsvant'yet‘lt_may be potentially‘histract-
ing'tO'some students. The question’theﬁ arises: 1Is it

\.

possible to construct classroomitest 1tems,which contaxn
representatlons of real- lffé\sxtuations not normally 1nclud-
ed in good testvltems as defined by Ebel 41972) and Hedges
(1966) 7 The aﬁswer seems to.be yes, and the aimension along
- which test items vary in their'fesémblaﬁce to°the‘tealtl’ e
'situation as ppposed to the "good“ test item of the ciaszfx
robm is definéd, in the Qresent stu&y,,as the assessment v
: context of items. Items closely resembllng the test items
of, the classroom .are sa1d to be high in asSessment context
or hlgh context items; those resembllng the real life situa-
.tlon are said to be low ;n assessment context. Thé%ssSess-
ment context dimension . seems to be -a d;rectlvenéss—néndir—
ectiveness dlmen519n with claésroomagtems decidédly.more

directive than the real-life situati®ns. 1Itgms low in

asséssment context are therefore considerably more non-

directive than high context. items. The propertics.of test
items on which the assessment context depends arce: 1) “the
extent of the directiveness of the information leading Lo

thg corrcét rcspdnse, and 2) -the amo&nt,of information which
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v- ,“

-is irrelevant to making the correct response to:the item.

Thegextent of the directivehess’ of the ‘information in a
L » . : . .

test iteg'leading to the correct response is closely related
to-the redundandy of the essential information. Hﬁnt (1962)

[ L3
has defined information as being redundant if.it is consist-

-

ent with all hypotheses currently held. ‘A phys1cs test 1tem

may exhlb t in several ways redundancy of the 1nformatlon

needed for a correct response. The item may name the .

o

required science principle and in addition'specify'the-con-
dltlons of its operation. For the stﬁdent who knows the

pr1nc1ple well the conditions of operation are recalled E ’

the réﬁd$ng of the name of the pr1n01p1e and hence the fur—

thef’statement of the conddtlons in thecltem represents
:edundant information for the atudent 51nce the stdted

conditions are con31stent w1th hls recall of the condltlons

,His hypothesis -on the meaning of the physics principle

continues to° be held‘and~is confirmed. For_ the student who
"is uneertain in his understanding ef physies the redundant
infornation contains two methods’ for him to arrive at the
correct basis of eolution. If he does not. recall the . .
meaning of the'physics principle from its name, he may be
able to recollect the.meening fspm the conditions of eperaj
tion ™f the'prineiple which are also statea. - -
Besides' naming principles as.well as stating the condi-
tions of operatign of the princ1ples, test items can exhibit

°

redundancy of essentlal information in other ways. The



‘corrqct response. Hence such redundancy tz.ds to mike the

naming of physical quantities as well as specifying their
] ) e Lt .

units of measurement il"ﬁnoéher example of redundancy, as is
the naming of physical'éuantities in addition to providing ,

their standard abbreviations. , Redundancy in the information

item high in assessment context. Items 1 y'n assessment

context do not»exhibit rédundancy of physig@information,

hence they are less directive towa

The directiveness,-,nondirec

'infbrmation in

.

also related to the presence of irrelevan

the item. That real-life situations tend to contain irrel-

evant inﬁermation has been noted above, and this property

tends to mdKe them nondirective to  the intended.response and

hence low in assessment cOntext. .

v .

Methods of incorporating 1’elevant yet plau51ble in-

formation into a test item are to state unnecessary addi- -

tional facts about the thsical properties of ¢objects or to

list other conditioné which are 'not essential. In multiple

choice items~irrelevant information g¢an be readily added by

vnot having different physios'conceptsfambng the variocus re-

sponse alternatives. .Items.contaiming no irrelevant infog-

s

mation are higher in assessment context _than items which |

contain such information. The characteristics which .

distinqguish between items high and low in asscessment context

°
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are deacribed and illustrated in. greator dotail im Chrpter 3.

where the*contruction of tespt itomo is explainod.~

The two general;zation--di-cus-ed'above on. the i
ences between conventional olassroom tcit itemt which
to be high in asseasment context and real life rituatfapl
which are low in aeses-ment context lead to threo criteria

to be used in dlstinguishing between them: - ' Y
' ' \
l. Low context items-d¢ not "have the. redundancy of .
egsential. informatlon exhlbxted by hxgh context
1tems . .
2. Low context items cantain ittelevant yot plaua- .' - e
ible ocientdfic infornation ‘ S . -,\
3. Low cohtext items cbnta;n several different :
physxc goncepts among the response alternatibes,_
wh1 e hxgh context items ‘have only one. ‘

*

, Presented below are examples of a h1gh context ltem_

"followed by a>low context item both intended to measure the

F) .

capablllty of" calculatlng kinetic energy of~an object. \

.

Item high in assessment tontext° *

A motlonless box is free to. move without friction. - : {/?

-

The box has a mass (M) of, 10 kg A constaqt force

(F) of 20 newtons acts on the box through a i - s,

distance (d} of 9.0 metres. After the force has

acted the veiocity'(i).of the box is 6.0 m/eec. »';
The klnetlc enerqy {KE) of the box -ig: ' .o : R A
- R A.' 200 ]oules R '
" B. 180 joules - _ _ '
C. 225 joules | | |

‘D. 90 joules . ' ' ;

\ ALY
\ . s

[y



“

-(1/2 mv ).to find the klnetxo energy R ) .

R .' .o IR
Item low in aoso--mcnt nontoxtx . B ; | . :’
A motionlciu box huvipq a donlity ql‘co untto“u g
‘1w locatod in a qr.vitational fiela: o! ru unitq
”Tho box is actod on by a net !orcc ot 20 uhit- Ry

durinq which time -thve hox movo- 9 dintancc unit-.

‘The nootgioient of f:ictiﬁh'in cttect as tho Box-x
es Ls 0. 30. A!t-r tho applﬁcut}on ot tho LT
‘forcea. EE |

Al the‘momentum of em box ‘1s 100 unxq- Bt

C. the kinct}; enb;gy %5 .the box is ;a‘ units
D. the :peed of the box dl 186 unitl.

The higg,éShtext item hac redundant information in that '

the abbrevxations ‘and unit names for the varipus quantxtiol

as well as the usual. names are presented Furthermote,

result either by taklng the product of .force and dmsthnce,
or by flndxng the square of the velocity fxom the product of

thce the force by the dxstance divided by the mass and then

using the result of the calculatxon in' the expression

The low context item has no redundancies ‘of the klnd

-just described. In contrast, the h;gh coutcwt 1tem hﬁa no

information_whlch is not useful,»or potentza 1y useful for

reaching the‘cofrect Solqtidn whereas the data 'ift the low

"B. --the force of lx‘iction u 3 unit.l i.{

P
H

) there -are two altérnative method. of arriving at the correct

o

e

context item on the density, the gravitational fieldlond-the.

*

el
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C and opood.,
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-

-

.‘goﬁgekt itemsres defined in‘the present s

! e ¢ N 1 . ¥
L /! .
- v - v 0

°°'ff1°1°"t ot Satettah Cro trrolov.nt So*tho -olucion gc IR
" ehe- prohloa.. r&p r‘ovbhlo .1e¢ga.g¢v., qr~gh. hﬁv S ff

item have only ©ohe Goncept amony tham, th.t of tha jouio o!
onorqy I contza-:. the nltatnntivot 1o’ :ho iow cdﬁtokt ' :3“T;

witom contnln tho coneepta of-monontun, !orce.nk&notic Qndt'r

The toeturel .
them from high eontoxt 1tena allo dlntinquilh th&n,tn sqne‘ﬂf:;;5
respects from items. written by enp'u-uﬁl 8 nderdo of good - | -
tolt items. Ebel (1972) An d.-qriban h roquxzuupizp oz S
well writton t--erittﬁi, natcn thae xtcn- nhou!d u&t eont:i |

. e iE

"wxudow dres-inq and that khe 1t¢n stem should upeeity what
ia rhquirod of’ the re:pond-nt,‘n-ually by having ;ho vorb of
the sentonce containinq the respon-e altotnatin loonted in

“ et

the ltem stem and not in tha rosponse alternatiye._ The

irrwlevant data 1p the item stems of -the 1ow s olsmontﬂ'f

y can be.-
o ) ) , _ | & ' .
conh&;ued.aabwindow_dtesoing( and . the varied concepts of the
'response alternatjives in these itéms usually tequire thee -

the verb be placed not in the stem but in, each zcsponse .
alternative. Thus certain features of the low context itcnl
mark tﬁem.as bexng non—standard in Ebel's qhtml.f Rcloarch
related to n?n-standerd item*writing practieea suqupstc thlt
low context items are not nacessarily less effective even - '-: ’(@@
though they deo not exhibit all of the features reconnnnded :

by Ebel ' (1372}. The non-standard nature of‘low coptext
* : - - -
’ ) : ) . ' ° x.
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'o.‘. duqrmaeic 1&- Mum nlw.nl vothli conmt '
“tupomo !ornft. such ’ital, vere d.oe douqnod !u' qlg, !.n

. the’ prount ug:dy. The dinnﬁoue Am prﬂcn; a utnpa- )

-tion: to uhich the conc»u and laws of physils may H .
appuod. ‘The’ ruponddnt is asked to utqnino the u!mtion
“for any fufurn \mlch ucne contndtct vﬁae M vo&u '

L Y-

of.tho : quirement to 1ook for caatndicuon- the en:
compdésed of diaqrmtic Jtems is ro!ortod to as’ tho v

Discrepancy Detection Test. The respondent is informed ‘thai

the diAqraml may or mAy not contain potential éontzld1Qd
tlonl. He ,ta asked to mdicatq whether or not he péeoive-
A contradiction and, if he finds such a dilcrop,ncy_ to
‘explain th; nature of it. The nature of the diaqrcn: is
suéh é%nt,hhete is minimal redundancy of the Qlihntial_

Winforﬁation, there is irrelevant data, and there exists the

P _
pesBibility of alternative‘phyties concepts for oxplanation

of apparent dlscrepancies. Whlle discrepancy dot.ction

 items and their relationshxp to low context items are

discussed at length in Chxpter 3, one diccrepqncy-dctcction'

T

item is pte.onted below in F;gure 1.

Figure { does present a discrepancy. The law of

%r mmw* uan&u

‘e



-
Figure 1

g .
A Diagrammatic Item from the

Field_df'Mechanics
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physics violated-is the law of conservation of momentum.

The small cart should have a Jelocity less than.v 'aftermthe

1l
collision and the largercart should still have a velocity to
the right aftﬁbugh the séged should be less than that of the

small cart. - e

Examination 6f high contextf low context -and discrep-

- '

ancy detection items described{abGQe suggests that the
ﬁrocesses'used.in'responding*%orthem'may not be the same. “ :
With Q}gh context item§ the reduniant'information ahd the |
single'concept response alternatives both tend to @irect the
student's attention towand’gigpecific concept or principle
of physics. Once this knowledge has beer rec.,led. the
student applies it amd then sé;rchesufof the dppropriate
response among ‘the alterhatives presented. With low context
verbal items and discrepanc& detectioq items the student may
follow a more éomplex proceSs:> picking out various pieces

‘ - .
of self consistent data, assessing whether or not a poten-
tially correct ;equnée isuavailable, examining the data in
another way to see if it is conformagle with an hypothesis
he may have arrived at from a given response alternative or
from his analysis of a given diégram; or«reéfbcusing on a
different aspect of the data or diagram. The procedures
follerd by the student in arriving at the correct response

in low context verbal and discrepancy detection items appear

to be more complex than for the high context yerbal items;

that is, the informati&n—processing requifements may be

‘4
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different for items wﬁich differ in assessment context.
Me981ck (1970, pp. 188- 190) states that* cognitlve
styles relate to the way a person Customarlly percelves,

remembers, thlnks, or solves problems and that’ cognltlve

styles are essentlally 1nformatlon—pr6be551ng hablts. Hence

differing styllstlc tendenc1es among 1ndxv1duals may be

related to differential capabilities .in respondlng to test

[

ltems hlgh in assessment context as compared with' those low

in assessme?t context. The relevance of cognltlve styles

/,’

w1th respect to performance on hlgh context verbal, low-

context verbal and dlscrepan%y detectlon 1tems is con51dered

further in the next section. B : s

Cognitive Styles S _ -

Of half a dozen or more styllstlcdlmen51ons Wthh have
been studled (Kleln, 1967), two which may be partlcularly
relevant in respondlng to phy51cs test items are extent of
‘field 1ndependence (Witkin, Dyk, Faterson, Goodenough and
Karp, 1962) and breadth of categorlzatlon (Pettigrew, 1958).
W1tk1n et al. (1962) have deSCrlbed extent of field 1nde—'
pendence as related to the ability to perCelve items as

separate frem their backgrounds, or in general to be able

to overcome the 1nfluence of an embeddlng context. Further-

more, Witkin et al. (1962) have noted p051t1ve relatlonshlps

between pef}eptual and intellectual tasks hav1ng in common
" the requirement of overcoming cmbeddcdnoss. Individuals who
arclhjghly ficld independent are capable of overcoming

o A

16
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embedding. contexts. The low context test items and the

-~

discrepancy detectlon 1tems of the present study may favor

»
the more’ fleld 1ndependent student The selecting of spec-

ific data from item stems or diagrams, . the formulatlng and

refommulatlnq of hypotheses based upon various response

n

*ternatlves or perceptlons of dlagrams, are processes

ich seem p051t1vely related to a high degree of field
1ndependence Slnce hlgh context items tend to be more‘
dlrectlve and to requlre lessﬂcomplex response processes, ‘a
hlgh degreeaof fléld 1ndependence is not antlclpated to be
SO 1mportant in resgondlhg to them as compared to items
which are 1ow in asse§§ment context. Thus one of the major
questlons of the preseﬁt study concerns the relatlonshlp of
assessment context and field: 1ndependence. “

The second cognltlve style dlmen51on to be investigated

in relation to performance on tests varylng in assessment

v =

context is breadth of categorlzatlon (Pettigrew, 1958)

.

Breadth’ of categorlzatlon refers to the range of stlmu11 or

qualltles that are a531gned by an 1nd1v1dua1 to a common

category in- a task requiring the 1nd1v1dual to. group

together stlmull or qualltles which seem .to’be the same
(Bruner and Tajfel, 1961, p; 231). The preceding defini-
tion of breadth of categoréggtlon has’ been adopted for the
present investiqgation. The broad categbrizer accepts as the

same or closely related a range of‘differing stimuli whether

& they be'objects to be sorted according to various proper-

-

17



ties, or dlffe}ing approximations as to ‘the size of some

quantity. The capability for answerlng low context and

22
dlscrepancy detectlon 1tems seems related to.. greupinq to—_

_gether, or d;stlngulshing among varlous verbal'or visual
stimulii~ Hence breadth of categorlaatlon may’ be associated
dlfferentlally with capabllltles for answerlng correctly

. test items which are high and low in assessment .context. " In
Chapter.4"detai1ed;arguhents are.presented Suggesting an
hypethesis fog the'relationship of assessmeut.context aan;
breadth &% categorizationt . ‘ ‘J .

Statement Of the Problem .

' The purpose of the study is to examine the relation-

ships which exist between performance on physics test items

varying in assessmeént context and an measures.to‘assess two
cognitive styles. The main.questions"are: .
. . % - . e .
1) What'is thée rélatlonshlp of assessment ;Qntext
and extent of fleid 1ndependence° . -

2) -What is the relatlonshlp of assessment context -
and breadth of categorlzation° :

3) How are §hy51cs achievement and.verbal and
" numerical ability assotiated with assessment
- . ‘context -and the two cognitive styles? .

The Need for the Study

. Hurd (1973) has’ recently urged teachers to. 1mprove
their efforts at preparlng students to apply science know-'
ledge to ‘the env1ronmental problems they meet after leaving
school That Hurd should feel the need to encourage

teachers toward thls objectlve is somewhat surprlslng

ST
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‘commonly occurring phenomena within the experience of.

- . .

. ) . ‘ * . . . 1

ity. The tcience teachers of the Eight-Year Study gave it

highest prlority (Smith and Tyler, 1942, PP. 77-111), and

Lewis (1965) traced the continulng high concern ‘of British ‘

-

‘ teachers for the obJective over .a 25-year period.b Hurd 8. E

(1973) concern, however, xs understandable sgince the applic—

.atlon-to 1ife objective is difficult to achieve. Bloom "

(1965) has noted the dlfflcultles~1nvolved in preparingnoh?
jectives and test items which Are'adequate, and Nedelsky
(1965) has~stated that it is nearlyyimpossiblebto deduce

from any real-Tife problem the precise patter\\of attltudes,

}knowledge and approaches requlred ‘to solve-.it. “~There 1s..v

then, a need to flnd ways of preparlng students who are.

" better able to apply what they have learned 1n science.

_Several different attacks have been made on  the problem.

The teachers of the Eight Year Study (Smith and Tyler.

"1942) tried to analyze the appllcation objective more clear-~

ly and found»that more illustrative examples based upon

‘students were required in the teaching of science. Rowe

(1965) claims that most objects or concepts in sc1ence vary

 in their meaning accordlng to the context in wthh they are

contained. The concept "pencil" is entirely dlfferent when :

. the object is used as a wrltlng instrument and'when it lS

3

used to prop up a w1ndow. ROwe(l965) advocates varylng the

:learning context so as to maximize'the generalizability, and

P

'

*
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. because teachers have always given the objecti‘. high prior-



‘o hq‘ge the applicability of what was learned. The recommend-

L

v ati?n of Hurd (1973) that students should be taught multiple
meéﬁﬁds and multistep approaches seems similerito the
'approach of Rowe (1965) Whatever approaches may be taken;
.in teaching for the applicability of knowledi’ there is a
. need to assess. their effectiveness. The low context test
items, based as th&y are on analysie of cqgnitive aspects of
-y real-life sztuations, may be valuable in assessinq the'
k;); pplication objective.. : .
| ’ The relationship of the assessment context variable and
phys1cs achievement needs to pe established. In the present
study phy51cs achievement has been subdivided as' physics
achievement ‘at the knowledgevlevel or at the a}gonithmic
thinking. level of Avita'l and Shettleworth (1‘968) E The sub-
d1v131on permlts a more detailed analy51s of the assoc1a—
ftlons of high context, low context, and dlscrepancy detec-

" tion items w1th knowledge and algorithmic thinklng than
could be done if phys1cs achievement ‘were classified as a
unitary concept "If the results of the present study. are: to
be of value to the curriculum developer or to the teacher,)

assessment context must be understood in relatien to the

levels. of phy51cs achievement and‘also in relation to

intellectual ability. 81nce verbal and gquantitative ability

are the two dimen31ons of 1ntellectua1 ability which are

most relevant in the school 51tuat10n, they will Pe used as

covariates in assessing the relationships between ‘assessment

context and physics achievement.

20



21

.Messick (1970) haa pointed'out that cognitive.style
variables play unknown roles in classrooms, fhe-present
_study includes an examination of'theigssociatiOn of field
lndependence and breadth'of-catego;igation with achieéement
'on‘itens,wn}ch vary'}n assessment .context; hence}'the study
may clarify the role of two- cognltive style dimensions withf
respect to one al?ect of classroom pertor!!pce. The delign
employed for appraising the relat%ﬁ::hlps of the cognitive

“style dlmenslons and the othér variables of the study is

>
a

.presented 1n the following sectlon.

~Design- of the Study )
Tne present study ié}a correlational one ;xaming the
existing states of variables with the admlnlstratlon of
tests taklng place w1th1n a 2 l/f—week period.
‘The assessment context varlable, the crlterlon variable -
- of the study, was chosen because of its 1mportance for
"f“‘therlng our understandlng of the fea91billty of the
appllcatlon objective in teachlng.. Phy51cs was selected as
the content field for preparlng the assessment context ‘tests
because of the physxcs academlc background and teachlng
‘experlence of the. 1nvestlgator.y\The nature of the low con-
text test and dlscrepancy detection items suggested that
COgnltlve styles could play a role in maklng responses ~0

the items. A review of studies on cognitive styles - -

ted that extent of field independence and breadth o:

categorizatiOn.were two style dimensions likely ¢t

pertinent to an individual's.performance on the ,itej
. a . -



lthe 5elatlonsh1p between the assessment context and the

22

'Finally, any study of relationships in effect for school

students needs'to be placed in’the context of intellectual

v

ability and sehool achievement.. In the present 1nvestiga-

tion physics achlevement has been. treated as a covariate af

‘

.
.

cognitive style variables.

. The sample for the stndy comprised1143 grade 12 Physics.

30 students frém three Edmonton high schools.. Tests for the

criterion and independent variables were'administered by the
investigatdr and one physics.teacher near the end of the
1971-72 school year. The ability tests were administered as

part of the testing program of the Alberta Depar tment of

"Education.

The relatlonshlps among the varlables were assessed
with the aid of varlqus correlatlonal technlques 1nclud1ng
multiple linear regression and canonical correlatloh. The
hypotheses which were tested are presented in the section

which follows.

Hypotheses of the Study

,The development of the hypotheses ig explained in
detail in Chapter 4 of the repor;. There are hypotheses on
the overall relatlonshlps among the variables,.followed by
hypotheses on 1nterrelat10nsh1ps among the assessment con—

text tests, and hypotheses of assoc1atlons between each of

the assessment context tests and physics achievement and the:

cognitive style variables.
. 4

s
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1. Hypotheses concerned with the overall relationships

among the variables:

1.1 ihe first cenonical correlation between the set -
of assessment context variables and the set of
variables incbuding cognitive g%;:e, intellectual
ability and physics achievement is zero. )

1.2 The second canonical ceérrelation- betweqn the seJLJ/’

v of assessment context-variables and the set of
variables inclﬁding cognitive style, intellectual
ability and physdics achievement is zero". ”

2. The following hypotheses test the_relationshipe

among the assedsment context tests:

«

2.1 ‘The partial correlation between the High Céntext

Test (HCT) and the Low Context Test (LCT) is zero .

\
when the 1nf1uence of phy51cs achievement is

eliminated. . " 3 .

2.2 ‘The partial correlation hetween the HCT and the

Discrepancy Detection Test (DDT) is- zero ‘when. the'
.effects of phy51cs achievement are removed .
3. The folIow1ng-hypotheses assess the 1mpact of
physics achlevement on performances on the assessment'
context tests- | | )
3.1 There is no elgnlflcant increase in the multiple
-correlation coeff1c1ent (R ) betWeen the HCT and
the ability variables when phy51cs achlevement

at the knowledge level is added to the set of

predictor variahles.

23
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3.2 There is ho slgﬂifibant increase in‘tho 2
between the LCT ‘and the ability variablos when+ -
‘physics achievement at the knowlodqe level is
..added’ tq the set of predictor variablqp. L.
3.3 There is no significant increase in the Ri. - ;_ .
'h.tween the DDT and the ability variablel when .
T physicalnchievoment at the knowlodqq level is” -".
added to the set of predictor Variables. '
3.4 There is no slgniflcant increase in the- R2
. between thc HCTxand the abllity variables plus‘
physics achzewoment at the algorlthmlc thlnking
level is added to ‘the set of predlctor Varlablgs.
.375' There is no slqn)fiCant increase in the R2
betﬁben the - LCT and tha ablllty varlables plus
physics achlevement at the knowledgé level when'
physics aﬂhaevement at the algorlthmlc thlnking

level is added to the set of predictor variables:
. 21:

4

3.6 There is no signifidght increase in the R
between the DDT and the abllity varxables plus
phy81cs achlevement at the knowledge level when
physics achlevement at the algorlthmlc thinking
level is added to the set of predlctor varlables._

4. The following hypotheses are de51gned to assess thev
contngbutldn of breadth of cateqorlzatlon toward performanc-

es on the assessment-context tests:



4.1

.

3

"42

4.3

5.

i o
-

‘Thiro is no liqniflcant incrcnlo'in'tho 'Ll
between the HCT and tho ability measures plus
phylig- achicvomont whcn breadth of catogot-
.ization is addod to the. set of prcdictor

variables. o e

Thero is no liqnifiCdnt increa.o in the '2
botwoon the LCT and the ability measuzes plun.
physics achievcment when broadth of’ catoqori!-
ation is addod to the Set of prodictor varxablel.'
There is no_signifipant increase’ in the Rz -
be#weenythe DDT and the ability variables plus
physics achievement whé; bread;h 6f_catégorii-
ation is added to-:hevsA;.of.?rédiétor variables.

The following hypotheses are\désignéd to assess the

- contribution of the field independence Ghriable toward

° ~

performances on the asbessment context tests:

‘5.1

- There is no significant increase in the R

There is no significant increase in the R? ’

~

between the HCT and the ability plus physics‘\\\

achievement variableé when the field independence -

variable is added to the set of predictor
variables.b
2
|
between the LCT and the ability plus.physics

achievement variables when the field indepeﬁdeﬁbe

variable is added to the sef of predictor

variables. “

1

RN



' s
- o e
el is’ no sighificant inorease. in the iz : ’ |
' ‘between thc DD'I' qnd tho abiuty plus phyuc-
achicvcncnt\varilbl wvhen the ticld indopondunco ’
i yaziable is ad'dod }:ﬁc set of prodlctor -~ o ﬁf‘ ’
. . varisbles. L e T 3
cfini;&ons o | o Ny | : .
‘+. The toxmt do!inod below havc bccn cat‘qoria.d into |
groupingg roIated to a.lhslmont contcxt, coqnitivc]stylc,
physics achievement and intollcctu&l ability. ' |
The deginltion of tcrms”related to allcssmont'contcxt.
are preseénted first: .
‘Assessment context is a property of test items inuicat-
.ing how closely the test ité%s conform to certain fcaturel
-cf a real -life, out-of school ~problem situation» Opcration;
- -

ally, the assessment context of physics tost items is
related %to: 1) The redundqncy of essential information for

solving the item, 2) The,preuence of ifrelevant information,

- \

3) The number of phys;cs concepts among the responlo alter-

-

natlveé. An-item is high in assesament context, that ih,

high context 1tem, 1f it has redundancy of the esseht1a1 )

-

1nformatlon, does not., have 1rre1evant data, and hds only one
- physics concept among the responsc/ﬁﬁtarnatives. A 1ow

context- item has minimal redundancy of the eseential infor-

s .

. mation, at least one example of 1rre1evant lnformation,'and‘

_more than orre physics concept among response alternatives..

A,dlagrammatlc test item is one having a drawing of a
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'eituation in which the concepts .and prineiplu of phyucl

may. be Appl.ied. s O fev words ere eoneune used ipn d,ugta- R

v matic, itens to label or to describe aspects of the dtl*
 Diagrammatic items are free resporise in format. Students
.-answering the items are inet:ucted to loqgt !or dturemciee

between ‘what they see in the diaqren and what they would .'

expect the aitua!ion"to 1ook like beeeﬂ upan their knov1¢‘|;
e!‘ph,-uce.. Diaqreunetiq 1teue ere low context itene.
The Di-crepeney Detection Teet (DDT) is a 20-1ten telt

composed of diagrammati® items. |
The High Context Test (HCT) is a 20~item subtest com-

-

posed of high context, multiple choice items.

The Low Context Test (LCT) is a 20~item subtest compos-
ed of low context, multiple choice items.

©

A physics concept is defined as an inferred mentel

process learned by dzstxngulehing poeitive and negptive .
instances of stimulus oh;s#ts in a certain cleee (Gegne,
1970). 1In this case the domain is the domain of physics.
éy this definition "weight", "electric cherge "kinetic
energy" are concepts.~ Purthermore "8 newtons weight" and
"10 newtons welgbt“ are two examples of the weight concept.
'However, Coulomb's Law and Archimedes' Prlnciple are not
concepts since each contain several*conceptl within and are
not learned by distﬁﬁguishing positiqg and negative instan-
ces of - stlmulus objectg B ~&

‘A physics princ l! g defined as a reletionel concept

Oor rule (Gagne, 1970). Relational concepts esteblieh a

27
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meanimgful asseciation of two or more simpler concepts. For

example, "momentum is the produét‘qf'mass and velocity" 1is a

relational concept. Rules are inferred capabilities ena-

bfing a’ predictable class of responses to be made to A given
/' 7 N o - .

class of stimulus situations. Thus, for Archimedes'

’ O

Principle the class of stimuli is "Objects placed in fluids"

and the class of predictable responses is "Expérience’ buoy-

ant forces equalling weight of displaced fluids"{fArchi— '

medes' Principle conforms to the definition of a rule and ‘}'

hence is an examélé'of a physics principle.v For the présegt
study'physicsvérinc@plé%vafé included within phySics con-
cepts. '

The redundancz‘iﬁ a physics test item is defined as %)
the presence éf information eﬁabling the correct tespénse'tq
be reached by more than, one line of reasoning, or 2) the
brovision of J%ifs.of measurement or sténdard abb:eQiations
for conceptg as well as naming the concepts, or 3) the

T

néming of principles of physics in addition to specifying

) . P L )
comai:ent concepts or quantities,. or any combination of 1),
2), ot 3). Redundancy is explained in detail in Chapter 4.

Thé definitions related to'cognitiveAsty1é follow:

Breadth of categorization is defined as the range of
dyffering stimﬁii wﬁich are accepted by an individual in the
same class or category (Bruner and Tajfel, k961) .. Opera-
tio%ally, %readth of categorization is measured by the

Category Width Scale (CWS) (Pettigrew, 1958).

28
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‘Field independence is:the extent to which an jindividual

is able to overcome an embeédding context or separage an item

¢

from its context in a perceptual-conceptual task (Witkin et \

W

.al., 1962). ‘Operationally, extent of field independence is

assessed by the Hidden Figures Test (HFT) (Jackson et al.,

<

The operational definitions for phygics achievement aad\\

1964).

intellectual aﬂility are presented below:
- Physics achie\}ement is ‘assessed by means of the PF" ics
80 Test (P30), June 1972, as set by the Alberta Departhent _

of Educatipn: for students studying the Physicé 30 course

from the textbook by Stollberg and Hill (1968).-

Physics achievement-knowledge level is measured by the .

subset of items of the P30 which are rated at the knowledge

level accbrding to Avital and Shettleworth (1968) 'and which

comprise the Avital-Shettleworth Knowledge (ASK) subtest.

Physics achievement-algorithmic thinking 'level is.

measured by the subset of items of the P30 which are rated

at the algorithmic thinking level according to Avital and

. . : a .
Shettleworth (1968) and which comprise the Avital-Shettle-

L J Y

s

P

worth Algorithmic Thinking (ASAT) subtest. ’

- o

, »
Quantitative ab- ~y 1s measured by the Cooperative

t

School and College Ability” Test (SCAT)—Quantitative, Level
B T

» .

3A.

Verbal ability is measured by the SCAT-Verbal, Level

»
3A.




Assumptions

' Assumptions maae in the course of the study are‘liéted

below.

1.

The assumption.has been made that‘the‘students

responded to the tests as best they were able. -

This assumption appeared to be‘warranied since
the ihvestigaﬁér had fgli coqééfation of the
participating‘teachers and ;he sfﬁdents gave no
overt indications”of non-cooperation according

to the perceptions of the.investigator.

It is assumed that the high context items.and the

low context items are sufficiently different along

the assessment context dimension so that the HCT
is meaningfully different in assessment context -

ffom the LCT and the DDT.

Delimitations . . ] \ A

The following delimitations have.been accepted for tHhe

study:

1.

In brder to make the study manageable only two

cognitive'style variables have been investigated.

Only cognitive aséects of real-life problem situa- -

tions have been used in deducing the qualities of
assessment context. AithOugh attitudes and values
play a pa}t in égzt realflife‘sitqationé they are
difficult to handle consisténtly in a'deductiﬁe

process; they are not part of the present

investigation.

30
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.3. Assessment context has been investigatéd only
for physics iééms, the reasons being that the
investigator's training;and'experience'in this
field made possible ﬁhe_design,of.physics items;

Limitations *

The limitatigns listed below may have affeétéd the
' ‘generalizability.of the results. - .
. 1.  The various tests were not administered to the
various groupsvof the sample in a countgrba;anced
\ \ .plah. The reasons were that the adminiétragion’.

of the ability measures and the physics achievement

test was ndttunde: the control of the investigator.

‘Furthermore, thé participating teachers requested
that the multiple choice tests, the HCT and”LCT,

.

be administered first to give them more time to

review the results with their gtudents. .
2. The sample was not a rdandom and is therefore -
. P . . :

subject to unknow%¢bias.; The schools participat-

ing included an inner city. school, é near -suburban
;Lhool and a separate schoel which may have -
removed to a degree certain oﬁvious éocio—economic
- biases.
3. The administration of the SCAT-V andeCAT—Q took
élace approximately three years érior to the adm%n;
istration of the other tests. - The time'lag has

undoubtedly reduced the effectiveness of the

ability measures as covariates qQf the study:

31



. 4. 'Only grade 12 phy51cs students part1c1pated -in
the study. This llmltatlon was meosed in. part
because of the . cho;ce of the schools and also
because no provxnc1a1 achlevement tests 1n phy81cs

were administered to grade 10 or 11 students..

Summary - N B ' | : o . i f.
The concept of assessment context\of test items .in
phy51cs has been deduced from the con51derat10n of real llfe

problem s1tuatlons. Performance in dlfferent assessment

\
contexts is hypothe51zed as. hav1ng a relatlonsth to the'

cognltlve style dimensions of breadth of categorlzatlon and

extent of field 1ndependence In order to be -made meanlng-

‘ful for educationai"purposes; the assoc;atlon of assessment
context performance and cognitive style has to -be descrlbed'
in relatlon to overalf’lntellectual ablllty and to achleve-

. ment in the subject fleld To aécompllsh thls task is the

RN

Lt{zurpose of the present study The main aspects of the

e51gn for ach1ev1ng the purpose of the study have been out-
llned Then, the assumptlons; dellmxtatlons, deflnltlons
and llmltatlons of. the 1nvestlgatlon have, beendpresénted,
’The chapter concludes with an overview of the report.

Overview
ZyYE_view

The introductory chapter is followed by a review of the

. literature on field independence, breadth of categorization,

relevant aspects‘of evaluation in physics and- of 1ntellectu—

al ability. Chapter 3 presents ‘the rationale behind ‘the

52_
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.‘aseessment context varieble and the details of the barieusx
-testing inStrﬁments; The design‘of the.etudy is also )
'ldescrlbed in Chapter 3. -In Chapter 4 the ratlonale is _
presented .for  the hypotheses of the study; and further, the
:'mathematicai technlques which will be used in testing the
hypotheses are presented The results and- dlscu351on are
. cohtalhed in Chapter 5. Chapter 6, the flnal chapter, ‘ -
eoheists of the summary of the studyg concluslons, and |
recoﬁmendatione. | |

-

.Q
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CHAPTER 2 -

REVIEW OF THE LITERATURE

In the,survey of the llterature which follows research
"related to the. COgnitxve styles of field 1ndependence and
v‘category width will be considered flrst.. For .each style
dlmen51on, background studles will be revxewed after which '
investigations’ relatlng the style to thedprocess of |
ecpooling will be analyzed. The section will conclude w1th
an assessment of methods.ueed for measuring the‘subjects
p051t10n on ‘the style dlmen31on. The-present chapter also
1ncludes ‘a reV1ew of studies related to the evaluatlon of .

physics achievement. %

' F1eld Independence

-

Wer theimer - (1945) in an analy51s of problem solving, _
has stated that the: flndlng of a4 correct solutlon requ1res
lthe separatlon of problem components from the context of the
situation and their recomblnatlon to form new relationships. ..
’The separatlon and recomblnatlon of - components in relation
‘to perceptual functlonlng has been exten51ve1y lnvéstlgated
by Witkin, Hertzman, Machover, Meissner and Wapner (1954)

and by Witkin, Dyk, Faterson, Goodenough and Karp (1962).

.Witkin et'al. (1962) plctured‘field~independehce as the

perceptual component of a broader aSpect of 1ntellectual

functlonlng which they referred to as analytlcal-global.'.

The’ analytlcal person has hlghly developed ablllty to

overcome'embeddlng contexts and to experlencepltems

34
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separately from the field in which they are coéntained. &he

global person exe#plifles a style of functloning Wthh _

submlts to the overall organlzation of the field and whlch -
‘experiences items *as part of the background (Wltkln et al

'1962). Since the pioneering work of Witkin and his

associates many-lnvestlgators have endeavoured to- establish
‘andvcle}ify.the'place of field independence in cognitjon

End the present Study examines the role of field independ-

-

ence with respect to performance»oh physics test items. -

Foundations C .
t .

-

In the early work of W1tk1n et al, (19545 three t&pee
of tests were employed. the tlltlng-room-and-chair teets,
‘the Rod and Frame Test.(RFT)‘and the Embedded~figures Test °
XEFT&Z Two types of tilting-room-and-chdir tests were'\

employed although for both of them the subject is seated in
a tlltable chair fac1ng lnto ‘a room which also could be ﬂ
tllted. The orlentatlon of the chalr and the room could be
adjusted elther by the SUbJECt or the experlmenter d'pend—_

ing upon the test. For the ‘Body Adjustment'Test (BAT) the

‘room is permanently tilted and the éhair‘initially also

tilted. The subject is_ lnstructed to rotate the chair untll

it is orlented vertically. 1In the Room Adjustment Test (RAT)
the chair in which the subject sits is flxed at an angle and
‘the sub]ect 1s_1nstructed to ad;ust the orlentatlon ot the
rooﬁ, ihitiallyetilted, until it seems to he vertical.

For the RFT the subject is seated in a "darkened room.
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An. illumlnated square frame 1s ‘placed in front of the
sub)'rt. Contalned in the frame is an 1llum1nated rod

With the frame and rod 1n1tially tilted at various angles
the subject is requlred to rotate the rod to the vertlcal
In the RFT as. well as the BAT and RAT scoring is based upon
" the number of degress away from the vertical of the rod or )
chalr or room which the subject has attempted to place .
vertlcal%y. Thus low scores are associated Wlth good
ability to carryvopt the al;gnlng process. ‘

.The EFT is a modification by Witkin (1950) of‘an earli-
er teSt‘developed by Gottschaldt. For each of tweety or’ |
more‘complex figures the subject is required to locate. a
51mple flgure which- is embedded w1th1n the complex pattern.
The score on the EFT is based upon the time required to
locate the sample figures. Thus low scores are assocxated
- with- good ablllty to locate the requ1red flgures.

Witkin et al (1962, chap. 4) rev1ewed‘the striking
;lnd1v1dual consistencies .of perfOrmances on BAT RAT, and-
*RFT. They also déscribed the rejectlon of hypotheses that
the’ con51stenc1es were due to an innate sense of perceptlon
of the uprlght or to body sensitivity, and the eventual
retention of the hypothesis that the consistencies were
related to thejability to overcome an'embedding context.

Further studies reported ih Witkin et al. {1962) sgyg-
gest that the relationships among the BAT, RFT and EFT are

v

stable across an age range from 8 years to- adulthood and for
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many difﬁerent'groups of adults. The RAT ceased to be
utl‘!zed for assessing fleld independence when 1t was showh -
‘not to yield results which were_con81stent across age &nd

subject groups (Witkin, 1967).
. :

Verbal abilities. Attempte to establish the relation-
ship between extent - of field-independence and other areas .of p
inteltectual .Mnctioning are presented in witkin et al. '
(1962) . P051t1ve relatlonshlps betWeen field 1ndependence
and results of the Wechsler Intellagence Scale for Chlldren r
(WISC) have been found,ylth\fleld 1ndependence more closely
related to the performance écaie of the WISC than to the
verbal scale. Highly fleld 1ndependent chlldren are likely
to.perform well in the Block De31gn of the WISC in which the
subject ;earranges blocks to reproduce a reference desxgn,
or in ‘the Object Assembly in which parts must be assembled
to make a meaningful picture. ' In a tactorganalytic study of
the inter—correlatiens among WISC subtests and perceptual
tests for 16—year old.children .and lZ—Yearfold children
Witkin et al. (1962) xdentifxed a verbal comprehensxon
factor, an attentlon c0ncentrat10n factor,'and an analytical
.fleld approach factor . The verbal subtests figured
-prominently in the first factor whlle the perceptual tests
were of slight rmportance. . The perceptual tests contributed
hd#avily to the third factor alonq with Picture Completion,

Bloek Design and Object Assembly. However, comprehension

did load to an.appreciable degree on the third factor, and
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the obliqne si structure yhich was used to intexpret

the hnaiysls pﬁce‘drcorrelqtions of 0.30 end 0.34. betwe'env
the first and third factors for the 10 year old dnd 12 year
old groups, respectively. The factor. analytic. study and
other studies .of Witkin et al. (1962) exempl;fy attompts tdi-'

.

clarify the relatlonship of field independence and other
verbal~mathemat1cal activxtzes. .
Employlng college undergraduate male and female sub-
jects Bierl, Bradburn angd Gallnsky (1958) reporned that
Aperformance on the EFT was p031t1vely assoc1ated w1th
intellectual varlables. Bieri et al. -interpreted the f;nd-
ing as belng consistent with Thurstone s (1944) suggestlon
that performances on the Gottschaldt Test, an earlier form
'of the EFT, were 1ndlcat}ve of cognitive functioning beyond 
1mmed1ate perceptual content. Both male and:female'grdups
in the study of Blerl et al (1958) ev1denced a 51gn1f1cant R
relationship, r=-.40, between the EFT and the™ Mathematlcs
score. on the Scholastic Aptltude Test (SAT) Wlth better SAT
performance by the—more fleld Lndependent persons.' No
relatlonshlps of statlstlcal significance were observed
between EFT and Verbal SAT scores. Thevconfiicting pattern
; of results in-the years since l95§ has shown that the °
relagionship between extent of fleld 1ndependence and other C (<ﬁ

1nte1Iectua1 abilities is not a simple one. ’ ) . \‘,A
' ' ' * Je

That verbal abilities are not related to extent of

field lndcptndence is suggested in StudlCS of male undcr-
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~graduetee idleemberg, 19657 Katn, l963§&=i§htel, 1971) End"
in a studytof army malcl (Fleishman and Dusach, 1971) A
positive relationship between verbal ability and extent of
field independence is indlcated in studies of male under- .
graduates (Highley, 1970) and & a study of ‘male and femalg
grade 7 and 8 pupils (Stuart, 1967) fIn thevabove studies
the EFT; the Hidden Figures Tth (HFT) which is a modifica-
tie; of the EFT for group ‘administration, or the RFT were
used in asse531ng fxeld 1ndependence. Verbal abllitles were
1nd1cated by scores on the Verbal SAT, Verbal College |
Aptitude Test (CAT),.or a readlng grade level score. How~-

»

ever, the Varlabﬁes of type of measuring 1nstrument, sex and
academlc or age level were not utlllzedgsystemetically 80 .as
to provide a basis for'an.explanatien'of the conflicting
results. The relatlonshlp of fleld 1ndependence and verbal
ablllty remains in doubt. o |
In rev1ew1ng.the conflieting'evidenée, wu.ntel (1972)
has noted the test-construct dlstinctlon and has suggested
that the shared varlance of several related tests may pro—"
‘vide a'better estimate of the construct of field: lndepend—
ence than can any singdgle test, gurthetmere, since testg of
‘field independence may be’related to meaeuresvof'abillty,
future studies should control for possible ablllty effects.'-
. Vernon (1972) has also summarized the llterature on fleld
independence and whlle agreelng w1th Wachtel (1972) on the'
de51rab111ty of asse551ng fleld 1ndependence from a" small

battery pf\tests, has suggested@ that the-reason for sqme of

ok

~



the conflicting evidence may lie in the make-up of gubject
~samples. Vernon (1972)"notes tnat -ome‘gronp- may be moror
' homogeneoul than othctn and that oorrclationl of lpatial .
tests and verbal abilit;es tond to be lower in the more
uniform groups. N o . -‘ |
* In the present investigation practical considorationn'
'have Alde necessary the utxllzation of a. single test to .
estimate field~1ndependence. The advice of Wachtel (1972)
has -been followed in controlling for effects of verbal and
tmathematlcal abilities. ’ :

Mathemdtlcal abilities. Physics test items are admin-

lstered in the present 1nvestlgatzon. Because some physics
ltems requlre that subjects perform mathematlcal calcula-
tions, the llterature concerning fleld 1ndependence and
. mathematlca} ablllty has been revxewed. The, picture which
nemerges is ilI;defined contalnlng contradictory lines.
Statlstlcally 51gn1f1can€. posxtlve relatlonshlps
between extent of field 1ndependence and quantitative .
ab111ty have been reported for college males by Bieri et al.
(1958) and ‘Spotts and Mackler (1967) and. for college‘females
by B1er1 et al. (1958) and nghley (1970).n No relationship
between field independence and guantitative ability was
" indicated in studies of male undergraduates (Karp; IQQQ;V
.Bloomberc,‘1965) and male army personnel (Fleishman and
Dusek, 1'971) Bocau’e the evxd‘c is confllctlng, the

p0551b111ty exists of an assbciation between field 1ndepend—

ence and- quantitative abll;ty. Hence th_e effects of



' dlfferences for t

qmntitative .bniey will be controlled in,the pxh,nt

study. - I ’ /

‘Sex difgorencelu Pysh (1976). and Dtoyer,-ﬁebeliopk
and Dreyer (§964) have concutred with Witkin et ;l iléﬁ)) '
in noting no‘;ex diffdrenc.s in tield indopondenqc !oz -
'ohildren below 7 yeurn. That mglec are more llold indepond-
ent than females in the age rangeufrom 8 years through

adulthood has been suggested byJWitkin st al. (1962; 1967)

land by Schwartz and Karp (1967I College males are o fﬂ

reported to be more fxeld 1ndependent than femalel (DeRu-ly
and Futch, 1971) although Jackson, Messick,end Meyers

(1964), and Feather (1967) have found .o lignlflcant sex

_also found no si

ence among under e eduqational psychology atudenhl.'

- ”,

Jackson et al. (1964) a%trxbute the finding on non—

ame pOpulatxon. gavis (1972, 1973) has

ant sex differences in fleld independ-'

I

is1gn1f1cant sex dlfference as not being generalizablc. They o

argue that thelr result could be explained- by a poaib;ve
association between fﬁeld 1ndepenﬁence and overalloabillty,
and by selection procedures at the part;cular college where
their subjects were enrolled. The selection procedpres
could have resulted inuthe enrollment of  females of. abilr, B
—1t1es hlgher than enrolled males, this leaalng to a
comparison of field ;ﬂhependence 1n'average ablllty malesl'

and above average ability females.

In a report of an on-going longitudinalustudy of .

L]
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'coqniiiyé styie'infreletiOn to.academic choice and perfo;h-
,ahoe;'witkin k1972) ha's 1nd1cated that even in the high
schoal yea%s a pattern beglns to emerge Wlth the more field
1ndependent persons predoml?@tlwg in science and mathemat—
ics. The trend ‘is more pronoun‘ed g?r -females than for .
males. At the college level Witkin (1972) has found that
female mathematics majors were more unxformly high in field
1ndependence than male mathematlcs majors. Thls finding

e

suggests that whethér. or not, differences are found in the
‘ ‘ . .
field independence of;oollege:males_and“females may depend
upon the subject fgsfﬁifrom which ﬁhe students are selected.
If females afeAmore(field indepeﬁdent than.males in a
specialt? suchvas mathematicsy whiéh is typically chosen by
analytical persons, possibly males are less field independ-
ent than_ females in a spec1alty such as educatlon, which is
typlcally chasen (Witkin, 1972) by less. analytical persons.
The subjects of the present s;udy,are physics students
"in their senior high'sohool yvear. Usually many more males
than females are enrolled in‘physics and Witkin's (1972)

<

findings 'suggest that the females -enrolled in physics are

&
decidedly among the more field independent of their: sex.
Therefore, sex‘differences in field independence are not

. L Y

anticipated 1n the present study.
s . L §
Recent studics by Davis (1972; 1973) with male and
female students from i1ntroductory classes 1in educational

psywvhology havé- shown consistently the superiogity of the

highly f1eld 1ndependent persons in concnﬁ identit ication

0o .
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tasks. However, the particular point at which field inde-

pendence-functions, whether in general intelleétual ability,
in memory,. in attendinag to details, -or in utilization*of'
feedback“remaius to be clarified.

Studies by Me551ck and Frntzky (1963), Messick and
Damarln (1964) and Wachtel (1968) suggest tpat the superior'
performance@ﬁf highly field independent persons ondconcept
identification tasks may'not be relaged to hemory factors. ’
Messick apd Fritzky (1963) and Wachtel (1968)lfound that!
field independence was n?t reiated to ability to learn and
remember names of designs. Messick and Damarin (1964)
reported tﬁat extent of field independence was significantly e

negatively correlated with memory for faces.

School-Related Research

The main purpose of the present study is the eraminah
tion of ‘relationships among the assessment context of |
physics test iteﬁs, cognitive style and physics acﬁievement,
Students taking grade 12 physics constitute the sample. The '
research reviewed in this seetion.is pertinent because of
{“ the age }evel of subjects, the nature of variables jnvesti-

gated or iecause of a combination of these two features.
Grleve and Davis (1971) conducted a study in wh&ch
.ﬂﬁff- ' drade nine geography achieyement was related to coghitive"
| style and to diseouery and expository ﬁethods of instrub—.-
tion.  After studylnq a unit on the geography of Japan dur-
lng a three week perlod under either a dlscovery or exp051t—.

x i )

ory method the students were-assessed by two differeat testsp‘

‘- ' ' Ny e R
) - AT - L



one measuring outcomes® at the knowledge level (Bloom, 1956),

the other at higher levels. *For the entire sample of males .

and females there was a signifiéant positive relationship
between field 1ndependence and performance on the higher
levels test but no cther effects nor lnteractlons were
Qbserved. After ellmlnatlon of the one-third of the sample
scoring in the middle range on the HFT, the analysis showed
a method by field 1ndependence 1nteract10n for males on both
‘the knowledge @nd higher levels tests with the more field
independent SubjeCtS seorlng higher under the exp031tory
treatment:

The finding of Grieve and Davis (1971) that the more

field 1ndependent males showed greater superlorlty to less *

field 1ndependent males under expository than discovery

method concurs w1th‘Witkin's (l9729_observations. Witkin

has reported that the more field *independent teachers prefer °

&)
"a lecture method to a discovery method and that superlor

.achlevement of pupils accurs when there is a match between’

i

pupll and teacher styles. ) &

The procedure of Grleve and 5;vis (1971) in assessing
L4 . . -
achievement at “€he knowledge level separately from the high-
er levels,will he-féllowed in the present study. Such a:

practlce makes necessary fewer dlstlnctlons between the

varlouquloom (19563 cdMegories. Poole - (1971) has noted'the.>
)

un%e a%lllty of such distinctions.‘ The present lnvestlga—

2 Gn
tion focuses on "the context of the assessment rather than on

4 : ' . .

<
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the nature of'the instructional method--neverthelesg’ the

Grieve and Davis flndlng that hlghly fleld 1ndependent
subjects exhibited greater superlorlty on the hlgher learn—

ing test than on the knowledge level  test suggests that a

a

51m11ar result - should be 1nvest1gated w1th respect to
. ~ o
phy51cs achlevement '

The study of Grieve and DaV1s (19713 dld not assess the

role of verbal and mathematlcal ablllty in the perfdrmance
Y - .‘3?

of puplls A .gédélted ard studies (e. g. Bieri,. 1958
~ Y8

Spotts and Ma %i&r 1967 Stuart,. 1967) suggesting that

field 1ndependence and other 1ntellectual abilities are
p051t1vely llnked. Possibly the superlor performanoe of the
more hlghly field 1ndependent subjects on the hlgher level .
'test is due to superlorlty in underlylng 1ntellectual @
ablllty, not field 1ndeper1dence. _Thls p0531b111ty sugge‘*
that’ the effects of verbal and numerlcal ability should be
controlledlln the’ present study. |
Davis and Klausmeier }1976) héve reported an investiga—
tion in which twelfth grade nales who had been assessed on
extent of fleld 1ndependence performed a concept learnlng
task. sStimuli having seven varlables, each with two values,
were presented visually -to subjects The=var1ables were
letter (H or L), color (reed or blue), 51ze (large or smallf,
‘number (one letter or two), orientation (uprlght or tilted),

horizontal p051t10n (left side or right 51de), and vertical

position (at top or bottom). Subjects were instructed that

-\
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the concept was to be 1d€‘51fled by a partlcular comblnatlon
of two dlmen51ons, for example ‘Yed H s, or tllted L‘s, ‘or
'1arge left- 51de letters The complex1ty of the task.was
’ varied by dltering the number of the varlables used 1n _ .
fprov1d1ng instances and non- 1nstances of the concept In ‘
the s;mplest test ohly .one non relevant varlable was 1nclud?'
ed among the stlmull in-addition to the two necessa;y{varif‘

. . . ¢
ables; thenﬁ\three non—relevant Qariables Qere inclnded, and
finally all fi;e\hon—relevant bariables. In respondlng,
sub]ects chose an hypothe51s and were given: feedback as to
whether or not their hypothésis was correct_for that~' L
© stimulus. Errors to criterion performance were recorded.
Two different concept tasks were carrled out each at three
levels of compLex1ty, Davis and Klausmeier (1970) found
that the more fleld independent hlgh school males did

\

srgnlflcantly bemter than the less fleld 1ndependent .sub- .

-

.Jects on one of the ‘tasks but not on ‘the other. When the\
'concept 1dent1f1catlon problem walihlfflcult the more fleld
1ndependent subjects had- a decided advantage, but not when

the problem was easler. 'Alterlng'the complex1ty of the d \\
task,vhowever,fdid not result’inhdifferentiai‘effects for _' \
more and iess.field independent subject.‘ The superior per -~ { \'
:formance»of the more field independent subjects of Daeis and.'
KlauEmeier (1970) and Grieve and Davis (1971%Y is probably

not due to superlor memory capablllty since Me551ck and

Fritzky (1964)'and Wachtel_(l96a)vboth empLoyed undergrad—\

& -
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uate'male_subjects and reported no significant rélationshlp
between extent.of'field independence and ability to recall
-designs seven to ten m}hﬁtes later.’ Messickland’Damarin;:
(1964) found a..significant negative correlation between - -
-memory for faces and extent of fleld 1ndependence, the mem—
ory. test given two hours after learnlng had occurred.
The way in thCh concepts. of physics are learned by

' senior h%gh school stuqents and the»manner in ﬁhichﬂacnievef
.ment measures are madefbear a tenﬁous relatidnship.to the' -

-

‘process of concept ldentlflcatlo’;}n the laboratory sxtua-
tlon.- Seldom is the learnlng of a physics concept one of
.learnlng to dlstlngu;sh-lnstances from non—lnstances;AJ

" instead the learning process involVes,relating a*new'concept
to others previously learned and combining the new concepts
Awith'existing concepts to establish more complicated ruies.
The intel;ectuai.proceSSes used -in responding to-test items
to measnre achievement in physics appear to resemble more'
closely those involved in'laboratory concept identification
than those of concept learning in school.. In a concept
identification task such as tnat.investigated by.Dayis and
klausmeier (197Q) the subject must examine the‘stimulus,4
analyze its.details, recall the feedback from earlier
stimuli and generate a response hypotnesis.. In respondlng
to a. phy51cs test 1tem the student must’ examine _the item,

verbal or dlagrammatlc, call forth concepts and rules from

memory, generate hypotheses which may be checked agalnst

©
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‘data availability or responses'proyided in order to decide
'upon.the choice of'response. ~W1thAlow context test items

‘the processes of item. inspectlon, recdlling concepts, and
*
maklng the tests of hypotheses are likely to be more exten—

LY

sive than for hlgh contexu items. The non—relevant rnforma—
tlon and the mu1t1ple concept responses’ of - the low context
items require a more complex respondlnq process. ‘Eorri‘

dlfflcult items, such as those at the three most complex

. levels of the Bloom (1956) Taxonomy, the responding proced-

ure is llkely ‘to be more complex. In the present study the - .-
highly figld. 1ndependent persons can be expectéd to. show ‘
superlorlty to the less fleld 1ndependent persons in res-
ponding to phy51cs test ltems at the hlgher levels of the
Bloom (1956) Taxonomy

The low context assessment items prepared for the
_Present study- may, place greater demands on short —term memory
.than do high context 1tems in- that subjects have to: remember ’
subsets of data presente% in an 1tem while asséessing the
relevance of other data or the various response alterna-'
" tives. The ev1dence of Me551ck and Frltzky (1964), Me331ck
" and Damarln (1964) and’ Wachtel (1968) suggests that those_
.subjects .high in extent of fleld 1ndependénce are not lakely
'to have an advantage duecto memory capabllltles. _

Not all hlgh school courses are equally chosen by those
who are hlgh in f1e1d 1ndcpendence. In a longltudlnal study )

of college students Witk{a (1972) reports that the-more

fleld 1ndcpcndent collcge’.pudents had Lahen more optional



science and mathematics cgurses M s:;;?i Mhad the -
.}ess~f1eld independent stude . DeRussy and Futch (197;)'-
found thatdooldege.students:ﬁajoring in mathematics, physies
and-chemistry uere more field-independent‘than those'major—
ing in the 11beral arts. Barrett and Thornton (1967) re-
lported “that a sample of male englneers and techn1c1ans
proved to be 51gn1f1cantly more field 1ndependent than a
sample of male undergraduates who were not majoring Ln,p
.phy51ca1-sc1ence. The- subjects of the present study are
grade 12 students enrolled in phy51cs which 'is an optlonal
course. Based upon the findlngs cited above, these sub—
-jects can be expected'to be more field 1ndependent than the’
average grade 12 student, but the more fleld 1ndependent
physics students may not be ‘higher on physics achlevement ’
than the less fleld 1ndependent physicsfstudents.

‘Brilhart and(Brllhart (1971) found a non-51gn1f1cant
~although p051t1v%;relatlonsh1p between extent of field
1ndependence‘agd»c£ass ranking w1thln_a;group of male
engineering students.' They'speculated however; that.the
average score of their sample on the fleld 1ndependence
measure was hlgher than it would have been for all- |
unlver51ty'students The b351s for speculation was that the
HFT scores dlstrLbutlon had pronounced negatlve skewness. A
mon- 51gn1f1cant relatlonshlp of fleld lndependence and

phy51cs achievement may occur for the subjects of the pres-

ent study, but$whether or not this relationship proves

»



significant should not affect differential performance
"between high and low assessment context 1tems of common
phy51cs content

Measurement

o

Studies'Of field independence and school-related’
‘rmplications cited above reveal"several examples of incong
‘sistencies among the‘research reports. The rale of the
.measurement instruments wili now be explored insofar as the
methods of assessment may,a:count for some of the discrep-
ancies in the findings of field independence with respect
to sex differénces and to other intellectual abilities.

Instruments

cs

'In the initiai'work on ‘field independencerby Witkin et

al. (13545 assessments were'madebwith the‘RFT, RAT, BAT and

. éFT. The ‘use of the RAT was eventually discontinued since
its assessment of field 1ndependence did not converge with | "
those of other instruments, but the evidence for the other |
tests was shown to be quite’ conv1nc1ng in showing that

| beyond the age of elght years males exhlb;ted a greater
extent of ﬁleld 1ndependence than females, and the con81st—
ency of measuremenm was greater for males than for females
(Witkin et al., 1962). . Since Wltkln s (1962) publicatdion
few other investigators have reported On“the use of the BAT,
probably because of-the‘elaborate equipment requirements.
ihe use of the‘BET has contihoed in séite/pf problems withr

- certain models (Lester, 1968; Vaught, 1959; Stuart and

Bronzaft, 1970), and the use of the EFT has increased,
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"éarticularly sin¢e Jackson et al. (1964) réportéd favorabiy
on a“group administFred;form, the HFT (freﬁch et al., 1963).°
Coinéident_&ith this changinq'pattérn of in§t£ument usage
the findings on sex differences of adolescents and adults on .
test pérformance have been less consisfent than.ﬁrior to
1962, |

There ié.a tendency for sex.differ?nces'to’occur
cohsisteﬁtly from measuremenﬁs using*tﬁe RFT." Bésides the
studies -cited in‘ﬁitkin et ‘al. (196231two other reports have
been LBcéted which.have made measurements .and reported the
<.mean§ for.bbth sexes_on.ﬁhe RFf. in'both s;udies (Vaughp,

1965; Sherman, 1967) females were less field independent

v

than males. From measurements using the EFT‘two sﬁudies
have been found which repo;ted on meén sex differences.
‘Déﬁussy and.FutCh_(lé?lf found staEistically sighifiéant.
‘differences between males énd females which.Stua:tk(l967)
did noE. Sex diffe£ences are no;'usually fbund fdr“the“ﬁFT;
Of«seven studies (Jackson et al., 1964;‘Feather,'1967; "
Willoughby, 1967; Boersma, 1968; Osipow, 1969; -Davis, 1972
and“1973) six report no éign;ficant difference between ﬁeéns
for males aﬁd'females, Osipow (1969) employed a.différeht
.yersign,of the HFT,-anq the reéu}ti?i-means for 358 éemqies
énd 37 males were 87 and 93, fespectivéiy, with'sténda;d S
_AQeviations in the rénge of lS‘to.2Q. While statistical

tests on such widely differentASamble Sizes are .not apérop—

fiatef‘the‘differences-of the means in relation to standard-



deviations is rot larqé. All of the 'studiesa recounted in

this paragragh 1nvolved subjects older than 11 vyears, in

" most cases gollege undergraduates.
The evidence indicates that recent méasurements on
adolescent and adylt subjects by means of the HFT do not

yield sex differences on mean scores. Eithér the HFT meas-
/S

 ures a dlfferent capabillty than the RFT or cultural/

changes~have reduced'sex dlfferences in field 1ndependence.
Bothvpossibiiities ife diseussed'belew. |

Elllot (1961) has stated that performance on the RFT
tends ‘to be 1ndependent of -verbal and quantltatlve abllity d‘
measures-whereas field lndependence, as assessed by the EFT,
tends to have signif;cant relatlonshlps with these ablllt-
ies,‘especially quantitative abilitiesﬂ. A study of male‘
undeféraduates (Elliot, 1961) bore out the predicted rela-
tionship Since<the-HFT is adapted from the EFT iJackson_et
al., 1‘964) the relationship predicted by Elliot (1961) could

-

be expected to apply to, the HFT. Elliot's (1961) study
clearly implies that whatever is measured by tﬁé RFT is net
‘the same as that measured by the HFT. Although subsequent
resea:Eh hasfnot,consiStently réplieated Elliet'snki96L).
éindings the concluslon that the R?T and‘HFf‘assess somewhat
.d}ffetent constfucts appears warranted.

Thornton and Barrqft (L967) have pointed out that

correlatlons bttween scores of "the RFT and the EFT have not

as a rule been as eonsistently.hlgh fo; females as for males



NS
+ "‘

. ‘ ' o ’

and the claims ‘that, for femaloi, the two td‘tl equally well
' assess field rndependence may be unwarranted. quever,
Denmqu et ‘al.) (1971) have noted that Witkin'l (1954)
correlation of 0.76 for college males is much hiqher than

1o
the correlation of 0. 43 whlch they found for av'imilax
SR

»

sample. Elliot (1961) has reported an’ ‘EFT- RFT correlation

"of 0.42 for college males. Making the picturemore,(vnf il

ing,‘Dubbis'and Cohen (1971) have found a éorreLation.bet
ween the EFT‘and the RFT of 0.55 for a sample cf.célloég
ffgmaleé.,.Ali of the édr:elation‘éited Above aie'statistié—
ally signifi€nt, p< .0l. The’ finding of Dubpis .and Cohen
(1971) taken'togéthervw1th those of Elllot (1961) .and
Denmark et al. (1967) suggest that females may ngt'be'less_
. ccnsrétent than'males-in-pérformdnCe\pn the‘two tests.“
While the correlational'studies &ited i1n the present para-
gréph cast ddhbt on the stability of sex differences in\
RFT per‘formance they‘do ndt contradict the hypothesis tha
the EFT%_gnd presgmabiy the HFT derived from it, measures
Qomething different from the RFT. )

Dubois and Cohen (1970) have caldulated,thé correla-

tions of the EFT, RFT, and various abll;ty measures for a

sample of female undergraduates and have found that ‘the EFT

correlates Just as highly with various ab111ty measures as '
‘w1th thg RFT. In addition the RFT- abxlxty correlatlons are
'also sign;ficant, E.< .01, although not as hlgh as the EFT—
ability relationships. Highley (1970) has also.found /'

¢ . “ -
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nignificant cotrolatiohl between RFT, mathematical and
verbal abilities'for a sample of colliqo females. 'Duboil 
and Cohen.(1971) have suggestad that various field independ- .
. . , U , . : w
ence measures may not be assessing the same contruct. Their %%

suggestion reinforces that of Elliot (196]r who noted that.
the ;?T is like an aptitude test in that it is timed, and
also that its items reuemble those of aptitude tests. The
RFT, accordinq to Elliot (ipsl). ﬁtovidos a minimumiof cues
which might arouse concern bocaulo ‘of evaluation, apd th.»
. RFT is . not timed. Thus the RFT is less likely to be multi-
factorial than is the EFT. .The HF'T, because of its qroup
admlnxstratxon procedure, may be even more like the group
admlnlstered aptltude tests commonly written by high school
.<students,than is the EFT. Hence, correlations of HFT scores .
and verbol_and oumerical ability meosuresrcould Se expected

larger than - correlatlons of the EFT and abllity measures.

The fore901ng analysls suggests that chang;ng patterns'

1ndependence may be due to 1nconsistenCies in %hﬁﬁ t“/"
E ”h-y 3 ‘; *

various instruments measure. --Another poBs{Q£1§tx 13 3
cultural changes have occurred tendliw
8

extent of field independence in fema .mgThts*

increasing use of the group-administered JrT, eﬁuld produo;
. . : o . Fe L,
‘the pattern which was referred to above. €T s pattern« ~§?%

reveéls’sex diffefences in field independb as*asseslgd o?

£y
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According to Wachtel (1972) adaptivo ability needs eo b-

distinguished from,&daptive capacity. Thu-, a par.nn nay

have a certain capacity‘6£~£ie1d inhepeﬂdonco but that cap-

acity may or may ‘not hav‘ dovoldﬁed as the potuon matired.
»

Hence, an ane-,ument of fiela 1ndepundance ot persons at: tho

hiqh school or colleqc kpval pay for one person moapnre the

- result of a high dpvalopment of a‘rathar lim1:0d‘cabacity,

for anothar the ra-ult of a poor deve109ment 0614 llrgcr .f..

capaciey, /for another, mﬁim\ development of an avcriqc

e 2 * ‘ <
capacity, etc. )

(.

Cultural int).aancea which tend to devalop ti@ld inda- ,

pendeﬁce mofe for one’ sex than the oéher might consribute to‘

observed ﬂex‘Qifferqnce-. Witkin et al. (1962) have bhown

that the mdther-child relationship can iﬁfluencd the devel-

2

opmeht of field independence-ih children and have arguod'

that both genetic and cultural factors are xnvolved. Vaught

(;965) and Sherman (1967) have claimed that the culturdl’

factor dominates, and. in a direction which reault- in

greater field 1ndependence fgr males#than for femalaa. i 34
Sherman (1967) and Vaught (1965) are correct, and if a -
- o . . .

cultural change has occurred reaulqing'in smaller sex

differences for coilege students assessed dnffield«independ-

ente since 1964 as compared.with before, the cultural chanqe>

explanatibn for the obsetrved pattern of sex differences in
field 1ndepend‘nce measures. could be accepteg To the

1nvestlgator, thc cultury? chaqge explanation is. less



2

<

<

-

persuasivé than that involving the possibilityvof instru-

mental inconsistencies.

"The trend"toward no observable sex differences in fieldw

-independence of collége students with the HFT mSy'be more

apparent than real becauseée of sampling factors. In a longi-
tudlnal study of sﬁudents throughout the high school and
college years Wltkln (1972) has found that college students
assessed as high in fleld xndependence had taken more high
SChool‘courses in methematics and science than those low in-

-

field;independence. "Witkin (1972),has elso-nqted that

-females who are coliege majors in mathematics are more

conslstently h%gh in field 1ndependence ‘than are males in

such programs,. Furthermore, Witkin has documented that

@

students in education are decidedly among the less field

independent and that education i=s preferred by more women

-than men. Concelvably a selectlon process has been at work

in whlch a larqe fractlon of the more fleld lndependent

males and .a small fractlon of the more field 1ndependent

- females are enrolled in specxaltles such as mathematlcs and.

sc1ence, whlle in a subject area preferred by less fleld
-

lndepend nt persons‘ such as education, fewer males than

’females are enrolled with the males constituting a less

diverse group than the females. This analysis'coula_account

"for the less populous but less diverse group of;highly field

independent females th.. males in majors such as mathematics

Witkin, 1972} and for the unimportant sex differences in
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‘HFT scores of the introductory educational psychology -

subjects of Boersma (1968) and Davis (1972; 1973).

The following comments are presented in summary of the

: . i, -
were the instruments

Few investigators other

section thus far. The RFT, BA
most commonly used prior t

than Witkin et al. (1954; 1962) have used the BAT because,

of elaborate equipment requireménts. Although apparatus
problems have been encountered with the RFT (Lester,'1968)
this instrument continues to be used in individual teséing

while a group—administefed form of the EFT, the HFT (French

et al. 1963) has been increasingly used since 1964 (Jaqksbn

et al., 1964). Sex differences in college subjects are

usually'fouqd in RFT scorés but not in HFT scores. ‘Further—
more, thebHFT variable.usually correlates more.highly with
verbal and numerical ability measures than does the RFT.
Suggestions that the RFT and HFT assess different constructs
and that the HFT may be multifactorial in nature appear to
be warrqnied. The results on mean sex differences or lack
thereof for the RFT and HFT ére.interpretéble‘ip terms of
the multifactofial nature of the HFT and sampling cdﬁside;—
ations. 'Oné other aspect of instfumeqtation remains to be
discussed in'this~sectioh, that of practice effeéts on HFi
performance.

Jackson et al. ﬂiQGA) have discusséd the.phenomenon of
practice effects for EFT:items and have noted that practice
has an important effect,-so_much so that without order of

» . "
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\T/presentation information, item difficulty indices are mean-

.
ingless. Boersma (1968) lnvgﬁxlgated practice effects on

the HFT, a form of the EFT which 1s nearly identical with.
»
that designated by Jackson et al- (1964) as the EFT Form

B

IIIﬂ~ The HFT consists of two sepdrately timed parts each '

containing 16 items. Ten minutes are eilowed for each part.

Boersma (1968) administeied the HFT-to 105 male and female
first year education students on two occasions separated by
a l0-week interval. Table L. presentg . the result of various

investigatiomns of practice effect, including Boersma's.

Boersma found an increase in the mean score' from 4.58

.

to 6.06 on the two parts of the test during the first admin-
¥ .. R

istration, and scores of 8.31 and 7.65 were recorded for

parts 1 and 2 of the secdnd administration. Mean total

.scores of 10.64 and 15.96 were recorded on the first and

second administratieons, respectively.' Boersma (1968) did
' 4 . ' .
not correct.the scores for guessing. Fleishmanipnd Dusek

v11971)'oorroborated the results of Boersma in their study of

adult male army personneﬁb The results of Fleishman and

Dusek's study showed an increasg.,in mean total HFT scores

—

correctedwfor gue551ng'wh1ch went from 10.50 in the flrst
trial to 23.45 on the fifth trial and decLlned to 51.20 on
the sixth trial. The trials were spacedsa% one-day 1nter—
vals. Brllhart and Brilhart (1971) admlnlstered the HFT to
a sample of engineering students at the end of thelr first,
third and ninth terms in college,‘;lth gaps of apprOX1mate1y

one-half and two and one-half years between edmrnistrations.



“Table 1 . ' .
Summary of the Evidence for,Practice Effects

in the Mean Sc¢ores on the HFT ,

»
-
Administration
Investigators N pt 2 3 4 5 "6
Boersma (1968) 105 10.64 15.96
Fléishman?ang .
Dusek (1971) 10 10.50 13.10 15.08 18.58 23.45 21.20
Brilhart and . ’ ’ b’
Brilhart (1971) 148 °12.00 12.00 11.83
2Scores corrected for guessing.
N = 105 for this administration.
-
I
. B
::, ~
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‘Their results, uncorrected for guessing, showed no practice
) [ . : . . :

effect. o ) ' : ' .

The most obvious explanation for the inconsistency of
the results between Brilhart and Brilhart (1971) and the
e i

other investigators lies indthe longer time which elapsed

between the- administrations hy Brilhart and Brilhart (1971)

as compared with those of Boersma !1968) and Fleishman and

Dusek (1971). )

“Jackson et al. (1964) have_ekpreSsedithe.idea.thatAthel
characteristics measured hy an embedded:fighres test after.
considerable cractice-miéht be different from.those initial—.
iy-assessedg A few 1nvest1gators have reported means scores
on:@hé HFT for college undérgraduates whlch ‘are very much ‘J
ﬁﬂgher than those obtalned in. the 1n1t1a1 admlnlstratlons of‘
Boer sma (196§), and’F¥glshman and Dusek (1971). Davis
(1972)°, for example, reported ﬁeans of epbroiiﬁately 24 af-

ter the scores had been corrected for- gue551ng. " In the. ab-

LY

F senge of 1nformat10n on any alteratlon in ‘the usual adﬁinis—,

"\
I h

tratlon procedures for the HFT one concludes that tqg sub-
jects may have taken the test prevxously, p0531b1y several
tlmes-ln order “to achleve scores similar to those of Fleish-

man and Dusek S (1971) suhjects on their fifth trial. .

Summarz ”

The present investigation examines relationships be-

tween‘criterioh tests in physics which vary in assessment

" context and the 1ndependent varlables of cognlt;ve style and

phy51cs achlevement. ' Because of its low cost, ease and



quickness of admlnistratlon, and capablllty of group admin-
istration the HFT has been chosen 1n preference 'to the EFT
or the RFT. | ‘ _v ’ v

Research (Blerl et al. ;.19585\Highley, 1979;_Stuart,.
1967; Spotts end Mackler, 1967; Lefbtteiil96?)‘has squested.
,-tnet extent of field independence is positively related to
'Qerbal end numerical abilitiés. Posxtlve relatlonshlps are
partlcularly likely to be found when fleld 1ndependence is
assessed with the EFT or.one of 1ts modifications. Vernon
"(1972) points out that the EFT is like}yjnultifactofial in )
nature. 'Since the HFT'is a modification-of the EFT Vernon's
" conclusion prcbabily appLies to the nFT.es well as to the -
-EFT. The §ossibility'cf overlap in:measurehent”df the HFT .
'enc verbal and numerical abrlfty heasures“is.taken into ac-
count in the>bresent'study in that effects of verbal and
numerical ebility.wiilihe control;ed when the HFT is used
for predicting critericn performance.
Although significent sex drfferences have been repcrted
| in extent of field independence (Bieri et al., 1958; DeRussy
and Futch, 1971; witkin et al.; 1962)  important sex aitfer-
ences have. not been reported in mean scores of the HFT '

r(Jackson et al., 1964;-.tersma,’ 1968; Davis, 1972; D_aVlS,

1973). Since the HFT is used .to measure field independence,

the effects of field 1ndependence are not assessed separate—
‘ly by sex.

“.

Assessment context of test 1tems 1s varled 1n ﬁ‘.‘

present 1nvest1gat10n._ Low ccntext 1tems, as_contrasted

.o



"hypotheses on the relatlonshlp of the Bloom (1956) categor—

.‘ ' "l . l . ‘ . ” C:’ “ | . . .
.(.p ‘ : : . .“u“ ) : . v . '.‘l_‘?. 62 -

.

w1th high context items, contaln less redundancy of relevant

1nformat;on, no non-relevart. information and greater diver-

.sity of likely responses. It 1s hypotheszzed that low

ncontext items may requlre response pfbcesses simllar tq*

.

tho ~ ot answerlng items asse551ng the higher" categorles of

tﬁe OQm (1956) Taxonomy, ‘whereas the hlgh context response .

proceSS'may be more llke those requlred for answerlng 1tems.

;whlch assess the knowledge level af - the Bloom Taxonomy.

-Scores on phy51cs achlevement test 1tems are antlclpated to

be more closely related to performance on high conteﬁp items

than with low, while scores for higher category'items will -

likely be more closely associated with low context perform-

"
<

ance than with h}gh. v N ‘ ‘ S

while the gtudy of Grieve and Davis (1971) centred on
the relationship of  field independence and extentiof'learn—
ing under two different-treatments, the present study-' inves-

tlgates the relatlonshlp of field 1ndependence and the

>

-

assessment context of test ltems.A Since the Grieve and

Davis (1971) 1nvestlgatlon has shown that the Bloom (1956)

category of the test 1tem is a factor whlch differentlally

/
affects the performance of more ;hd less’ fleld 1ndependent

‘persons, the present study has been deslgned to test

»

ies and field 1ndependence. f . - ' -

S The experiment_of‘bavis and Klausmeier -(1970) showed

.that t¥e rore fieLd‘independent.subjects performed better on-

“the more,.diffi‘cé&concept identification task, which  t.

’ S
. g | - . . . N
o - ﬁ . . T -2

& . h . T




‘

suggests that the more field 1ndependent sub]ects may

!

“aghieve better on th,low context items than on the high

-,

context_ltems, insofdr as the low context items are more
difficult. witkin (1972) has suggested that students.who‘
enrol in optionai science and natnenatics courses in high .

45chool are usually hlgh in field independence. hThe subjects
of the present 1nvest1gatlon (phy51cs students 1n thelr
flnal year of high school) are probably more fleld independ~
ent than the popu!atlon of all senior students. . ‘

Breadth of Categorlzatlon

'-A'Breadth of categorlzatlon, or category ‘width, refers to
~the .range of dlfferent stimuli which a\subject cla551f1es as
the samer. A:person who rates 6 of 10 audlble tones of dlf-.
ferent frequency as having the same pltCh is said to demon-
strate greater'breadth of categorization than a person who

~rates only two of the 10 tones as the same in pitch. Selec-
ted studies which have contriouted’to tberdevelpprng and're_
fining of knowledge of category width are reviewed’below.
Included w1th the foundatlonal studies are instrumental con—
51deratlons and a dlSCUSSlOD of p0551ble sex dlfferences 1n-

° breadth,of categorizetion. Studies which seem to have
'imperations for schooling are deteiled in a separate
section. Throughout the review, possible relatlonshlps with

the present 1nvestlgatlon will be explored.

Foundations |

- Bruner, Goodnow and Austin (1956), who note the ubiqui-

ty of the categorization process im all cognitive activity,

P
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have dlStlngUlShed between responses whlch result in the
formatlon of categorles and those whlch c1a531fy stimuli as
belonging to one category or another. The.relatlonsh1p of
these two types of categorlzlng behav1our has been an under—
lylng issue in much of the work on breadth of categorlza—
tlon. In the present study breadth of categorlzatlon is
1nvest1gated in relation, to the performance of high school
phy51cs students on’ physlcs test items which v:;y in assess-
ment context. The high context_ltems, all of which are ver;
bal, multiple—chodce items; are charactérized by having
response alternatlves 1nvolv1ng only one phy51cs concept.t
For example, the four reSponse alternatlves "10- kg, 15 kg,

4 . : i

20 kg, ‘or 25 kg" are, all viewed as examples of the concept'

" of mass.® - B : B . .

In contrast, the low context verbal items are .construc-
ted so that several different concepts must be considered in

making a response. For example, the response alternatives -
. ‘ p : : v

"l0 N, 15 J, 20 kg, or 25 sec' encompass concepts of forcef}

64

energy, mass and time. In nelther type of test -item is the \i‘

subject called upon to form the response categorles, how-

ever, the process of dec1d1ng amOng different categorles on

dan

concepts in low context items may call upon dlfferent o o ¥

4

categorizing strategles from those requlred in maklng
responseé& in high context 1tems. The Pettlgrew Category
W1dth Scale (CWS) is used for est1mat1ng the . Qreadth of

categorlzatlon of subjects 1n‘the present 1n§? igation.

Pettigrew Category Width' bcale. Pettlé?ew (1958) de-

3
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veloped a 20-item, pencil and baper measure of caiegory
' ﬁidth. Each'iﬁeh presents"the.Subject.wiih the ?tateméntnof
an average value of somé quantity. _Thé subject éheﬁ.m;keq'
two.selections”ffom among two sets of four'alterhativeé.
Ffom the first set  the.subject chobseS'an estihate'of the.
méximngsi;ed }ncidenée\of the quantity, and from the ﬁecond
'sét aﬁ estimate,of thé miﬁimum. ‘A sample itém is'presented_
below. : '_ ) ' - — ‘ e |

When all of the worlq's written languaées are . v
éoﬂsidered, 1inguists,tellrus that the average | ;
numbéf%bf verbs per langqage musﬁ be someyhere‘ |
around 15,000. What do you think:
ca. is thé largesg-namber of.Vérbs in any single

2 language...

1 21,000:.... ( ) 3. 50,000..... ¢ )
2 18,000..... () 4. 30,000:.... ( ) ‘
b. is ;he'smallest.number of verbs in ény single

language...

1. 1,ooo¢.{.. e ) , 3. 5,000..... )

2. °13,000..... ) 4. 10,000..... Gy

‘The sizes of the.estimates in each qiregtion were
derived frOm‘statistiEs accumulated from a free—response
'fogh_of_thé test which~was adm@nistered to 750 colleq’f;th_
dents. Fhe ldth> 35th, 65th and §Oth percentile choiées‘
larger thén the-giveh'averaée vaiue were selected for tge

four. estimates of the maximum. The same set of percentile

;choices‘shaller than the average value were used for, the
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,‘four minimum altennatlves presented for each item in the
final form of the test. . |

Scorlng of the CWS is accompllshed by summlng‘the
'Welghts of responsetho largest estimate and to the smallest
-estimate for all items. IWeights of 0, 1, 2, or 3 are
; applied to the four maxxmum and four mlnlmum')stlmates
‘according to dlstance from the given average‘W1th the
response value which is closest to the average in each case
receibing.the<weight of 0. The ma#imqm attainable score in
20 items is 120 4 |

The criterion validity of the CWS was determlned by
. hav1ng 26 undergraduate subjects undergo flve dlffereht
assessments of categowy widths based upon perceptual tests.
The tests 1ncluded the estimatlon of llne lengths which fell
within. a glven size. category, and the comparlson of weight
extremes of ostrlch eggs with fixed welghts The suhiects
then were admlnlstered.the CWS. There was a étatisticaliy
significant, p < .02, degreeiof'consistency across.the-five
perceptual tests. The CWS SCOres of the nine subsects
-having broadest category w1dth on the perceptual tests were
compared w1th the cws scores of the nine subjects having
the narroyest category width on the perceptual tests. .The:
mean scores of the two groups were compared for each item of
the cws and the mean dlfferences were compared using one-
talled t-tests. Chance probabllltles of the observed -

differences were less than five percent for eight of the

items, with the largest probability value for any item on

66
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the test being 40 percent.

;Gardner andlshoen (1962) have pointed out that each
item of the Cws and each of the tasks used to validate the
CWS assess tho limﬁfl of one conceptual dimcnlion, and that
tasks may or may not be related to other typel of catogor-_
izing behaviour- in which'a cpllection of hctorogonooun

.ritems are sorted into a complex of more or less related
dimensions The two types of categorizing tasks .are di;—

cussed in- the section below.

Sorting and categorizing. .In the sorting»task of

" Gardner (1953) a subject is required to sort a collection of
3 obJects 1nto groups or collections which to the subject
seem appropriate Subjects vary Widely in the number of
groups utilized but the indiv1dual stability in groups used
seems high. Over a three- -year period a correlation of 0.75
was obtained in one investigation of the number of groups

.utilized (Gardner and Long, 1961). It has been,arqued
that a broad category width«in_classifying1stimulioalong
one dimension.is equivalent to the tendency to sort
objects Into a smallvnumber»of groups (Gardner et al.

'1959, chap. 5).° Presumably the SubJECt who employs a small
number of groups in the object sort must be placing together
in the same class objects of a wide range of characteris-
tics. The subject has, therefore, a- broad category width or
eouivalence range. However, when responses to the Object‘
Sorting Test were analyzed (Gardner et al., 1960, chap: 6)
according to level of abstraction employed apparently the"
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defxning of qroupe dn which to place obj‘dt

different aspects of conceptuelization frok tﬁhb@?ﬁnﬁi
for deciding upon the inclueivenesl of a. giden grou{:tng.'\s‘ro

delineate the processes involved Gardner ahd Shoen (1963)5 A 6.

conducted a series of studies in which both th‘ objoct-lor

inq and width-discriminetinq tasks were employed. v \;g

The results of the first study (Gardner and Shoen,

1962) showed that scores of the 70 adult, female subjects on-

the CWS were not significantly related to the number of

groups formed in the object sorting task although the

correlation was, as anticipated; negative., 1In a subeequent

studyvtwo other pencil—and—paper range-width ‘tests were.
inéluded (Gardner and.Shoen, 1962). Forty of the 70 sub-
jects of the first study formed the sample tor the second.l
- In the second study the number of categories in the
object sorting taek, one factor of the cws, and the two .
added range tests of-Fillenbeum (1959) were significently
related, ¥ = .30, Pettigrew (1958) performed a centroid
analysis of the 1nter item correlations of the cws and
identifxed two factore, one attainxng significance with
object sortxng groups and other scores in the Gardner and
'Shoen (1962) second study. In view of conflicting evxdcnce
on the relatxonshxp of object sorts and CWS bctween the two
studies of Gardner and Shoen (19q2),-the relatxonshxp
betwecn the two types ;} catcgorridtiOn requirements scems

unclear.

A study by Sloane, Gorlow and Jackson (1963) shceds
— :

_/*>



1light on various types of ontoqoriznt .tllkl. s1dkne et
al. (1963) omployed fehale undorgzaduatol as lubjoctl and

found -tati-tifally liqniticant ponttivo rclationahipl be-

tween the number™of groups formed in a wide vatioey ot'lort-’

ing encompassing ob}ecto, picturcl of fncel, dQescriptions of
"people, #a wotdl. Teltl d0liqnod to lll.ll widthg Qf
cﬁ&egorles in the realm of -ize and of -h.po weno, howover.
inot sxgnificantly related to number of groupl in ;ho object
sorting task. Regrettably,vfrom the point of view of
relevance to the present investigation, Sloang et al.
,(1963)-did not include the CWSbaMOng the tests of theii
study. Neberthelesa, the Sloane et"al. inveltiqation

]
conﬂ};ms the resulta of the first study of Gardner and

;ahoeg (1962) in suggesting that somewhat difforont cognitive3

B processes«are involved #n assesqing the width of a given

realm, as called for in the 1tems of the cws, from those'

5 requxred in formlng realmq.as required by the free—mort
" tasks ' Y
. . - ,
;*7<\t Of tne two types of asseasment context tests employcd

a

e

L

-‘1n Ehe ﬁresent study, the ‘high context telt appearl more

 J

'_clOsely related to ‘the range width type of asaessment than

- ’

e ~to the sorting type of assessment High context telt iteml '

. L 4
??" anolve only one physics concept among the various. relponue

alternatxves whlle the low context verbal test has at lcatt

L

-two concepté among response alternatxves and the low
'iconboxt dxaqrammatlc test presents no ready—made ulterna-

j tives. For high context 1tems, response 1udgementn are made

69
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within a given realm while the low context items require

,judgementsvamong two or more realms. In neither type of

test, high or low in assessment context, should breadths of
L ’ : : o
categorization be a factor in the responses to items of -

.physics, content for the student who‘is correct with confid-_

ence on each-item.

¢ For hlmp Judgen?nts about .which response
7

g
to make w1tth whlch realm are not determlned by estlmatlng
but by a’ 51mple comparlson between his hypothe51zed or
calculated response and the alternatlves for selectlon

. However,islnce not all students are perfectly confldent, and
- S . .
since the assessment.context itens have been*constructed

.

with difficulty levels approx1mately equal to 0.5, uncer-

tainties are sure to be involved, and the student may evalu-
- . w

ate response alternatives with respect to the risks of being

right or wrong. ' o , ) ' -
: - ’ {

Risk-taking. The effects of risks on behaviour in

[}

categori;ation has been extensively investigated by Kogan
and Wallach (1964). 1In the deCiSion to include or not to
lnclude ‘a stimulus within a regponse category two types of
r;sfs are 1nv3}ved. To risk a type 1 error 1s to Ainclude an
1nappropriate stlmulus with the category; to rlsk a, type I1
error is to reject from inclusion in a category a possxblg
exemplar. In thelr study employlng 114 male and 103 female
iundergraduates, Kogan and Wallach (1964) found that for //‘
‘males no relationship existed between‘category yldth as‘

N

" assessed hy Pettigrew's (lSéB) factor I of the CWsS and

various decision making variables. For females however, the
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risks involved did relate significantly to c?tegorizathn
behaviour. Females who were‘broadest in catégory width

tended to he those @ho were willing to pay for more,evidence.-
in.a:numher‘juggement game before committing themselves to a
decision which‘could result in monetary loss or gain for

themselves They tended also to be the. females who paid for

clues which reduced thelr chances of losing 1n a' game of -

" . object identification. -These.relatlonshlpsfwere especlally

strong for females who were less canfident in their-judge—'

‘ments. Kogan and Wallach (1964) lnterprete& the1§’ré§q1ts

as being contrary to earller suggestlons thad/fem*s gv'ere .. e
more conservatlve than males.(Gardner and Shoen,11962)

because of narrower average category widths. wWallach and

Caron (1959} have speculated that a cultural requirement

‘that females be less-forthright-than men might be the basis - «

L

fop the narrow category-w1dth of females than males How-

ever, in llght of Kogan and Wallach $ research another S .
culturally .based facggf@may be the reason for €he ogferveﬁ
dlfferegzes,athe€§}!211v1ty for malgg to acqulre greater
experlence,than femalgs iﬂ_guantitatlve thinking (Pettigrew,

1958; Gardner and Shoen, 1962). This factor may be partic- g
ularly apparent'wlth theAéws because of'the<qdantltative |
nature of its.items. . ' ’ .

" Sex differences.. Whlle SLgnlflcant sex dlfferences in

~

breadth of categorlzatlon have_been reported for college’

underqfaduates on the Cws (Pettlgrew, 1958 Rosen, 1961;.

Blerl, 1969) and for senlor year high: school students on
: . - R {-r‘ ¥
= i . & ’ " "l ) ‘grc N ﬁ-*‘
¢ i T 4
) . o N ”_ ) 'g" - W‘A %

»
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the CwWS (Fie;d and’Cropley, 1970), otner'investigators hav;
'reoOIted Iontrary resuits. Non-significant, Rd< .05,'
relatlonShlps for sex dlfferences in cws means have. been
) found w1qh undergradu&te subjects (Feather, 1967a, 1967b-
Eagly, 1969)_and with pupils aged seven to 11 (Penk, 1969).
- Also.Tajfel, Richardson and Everstine (1964) reported-no seﬁ
N diﬁferences in performance~of'college undergraduates on a -
| )udamental task to assess-breadth of categorization.
The major 1mp11eatlon for the present study seems to
- " follow from Kogan and Wallach's (1964) flndlng that female.
undergraduate subjects of broad category w1dtﬁ tend tqﬁ
follow a conservative strategy .where de0151ons must be taken

.

without a high degree of” confldenoe., A school testlng

kY

situatiop"involving diffidult items,may'be an exampie of

such a situation.‘ The 1mp11catuﬁns of a conservatlve
s .
strategy in respondlng to dlfflcult test items are presented
. below 1n the sectlon on research related to scﬂgolxng

School—Related Research

»‘B ,vul_ Field-and Cropley (1970) investdgatedfpossible rela:

' -btionships between achiEvement on' a general science test and
breadtb.of categorization as assessed.by the CWS. The,
subjects of tne“study were male and femalée students in_their
senior year of high school. 'while no statistically signif-
icant relatlonshlps emerged a tendency was noted for females
who were_high in science achlevement to be low in breadth of

categorization. Field and Cropley's results suggest that

irr the present investigation breadth'of categorization and s

<

-~
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achievement in physics are not likely to be related. Since, -

- more males than females are enrolled in senior phys1cs the
'.sample for - the study w111 undOubtedly cagtaln more males

than females and whatever tendency may exist- for females of

narrow category width to score hlgher in’ sc1ence‘pch1evement

is unllkely to emerge in the sample. The Field and Cropley
. (1970) study does not, however, prov1de an 1nd1catlon of

relatlonshlps among breadth of categorlzatlon and perform—

ances on the hlgh and low assessment context tests.

., ”Mathematlcal and other abilities. ln develOpmental
York‘on the CWS, Pett}grew (19585.performed a,centroidj
analysis of theiitem inter—correlations. The four factors
which ‘emerged were rotated-orthogonally.’ Pet&}grew had

).

anticipated. tjgat two meaningful factors would appear, one a

.- & - '
factor char ‘?ed by heavy loadings for items related to

erience of~subjects, the other with heavy

loadﬁnqs for tems far removed from experience. .Of,the four

'VEACtors whlcwvemerged two were interpreted as error since
-
thelr heav1est loadings came from the 1tems w1th l&hest

criterion’ valldlty Pettlgrew was not able to 1nterpret the
two apparently meanlngful factors in terms of the everyday-.
experlence and remote experience hypotheses. Correlations
~'betweeh ‘the Amerlcan Council on Educatlon test of quant1ta~'
tive ability and‘factor,l and factor 11 yielded values. of‘
0.33 and 0.06 respectively for the 270 undergraduate

subjects. - . S

*
’
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The relationship of quantitative ‘ability and the CWS
. L] . . .

. has. been furtherfgxplored‘by Messjck and Kogan (1965).

Three 15-item tests of qﬁhntitafivé abilit? were developed.

. TQQ,of the tests had multiple-choice formats, the other a

free-response format. The %teﬁ stems were similar for thé»
‘three tests but'dne'of the multiple-choice tests had>éhoiqqs
which were widely spéced in,fhat the largest vélug was Sév-
eral fimes gréater Ehan theksmallest, wbiie the othqr mﬁi_
vtiplg.choice test'ﬁad'mofé narrq?lyispaced ré5pop§es;
Messick and Kogan (1965) did nqt‘tepont'the criférién.for
éis;$ygu}§ﬁing the two types of.spacings but.ah example of
.edach was provided. Fof'thq n 71y spaced example the
lasge%? ai%erhaﬁive was l;é"fimes a; large éé ?hé smaileét
whiléfi?é ;aiﬁﬁé;’alternatiye of the widely spaced example
“was S.S'ﬁimeégthgafmallest. The mean difference ﬂ‘imﬁe; the
.fibe‘response fsg;ps*‘ofukhe paﬁﬁfwiy_spaced item ekgmpié
was 0.5 Qﬁile far'the lérgégﬁ ié:&ég abouCIZOO. In the: -
Messiékfand Kogan (1965) éthYﬁ40';;le unde réduqﬂg-stﬁ*’«
dents in psycﬂology'took the.ﬁhree arithmet;c ﬁqsts'and the

. .
I and factor -

CWS. The correlations between.the‘cws factor
II'Qith the»testjhaving widely spaceé-altggﬂétives were 0.15.
and 0.36, reépectively. bnly the second qééfficiént is
"statistically significant,.gg<s.05. None of the other -
chréiétions betwgen'the twoafacpgf$ of the éws gqg‘the
arithmetic teéts was sfatistipélly.significantr ,ﬁe;sick and

koqan's (l965)-fipding contradicts that of Petpigréw (1958)

. 4

. O
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“\t

‘ on the relatlonshlp -of quantitatxve ab111ty and the two “

~

factors of the CWS. Messick and Kogan attribute the signif-

icant relatlonshlp between factos II of the cws and the test .

wrth ‘widely spaced alternatlves as belng due to a common
approxlmatlon strategy whlch subjects mlght be usxng ar‘

‘not related to computatlonal ability. _Impllcatlo‘ns of an,

- approximation strategy will be discussed below in the

)
section conoerniré breadth. of categorization and orlqinalf ) .
Factor II of the C.WS was among jhe. i ables studied by
) Kogan and Wallach (1964) ‘Near K. ¥ reRa ons wer.e,
B obtalned@betweebn factor II and SA= | : :c.s for 114,
) Aco‘ege n\iles.'an ; r 103 colll The studles
of“ breadth of‘ ca tlon- and -mathenmatlcal aballty have

not yet reveale
. .. , .

ables. AN )

A ' Among the variables of the present investigation are
: 2 ] . T T,

verbal ability.a‘nd extent of field independence. ‘Studies-
suggest that performance on ‘;cws is unrelated to vex:bal
ability as. asseSsed. by the SAg (Kogan and Wallach, 1964) to

verbal IQ as assessed‘y the American College Test (Jackson
<

:and Pedersen, 1965) and to fleld 1ndependence as measured by

’im .‘tﬁ HFT. (Messxck -and Damarln, 1964) The subjects in each .

of the 1nvestlgatlon§ ]ust cited@ were college undergraduate

.

males and females. - ‘ - )
’ ) Originallj by. Originality and breadth of "ca};egowrizati,on .
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iﬁ:and Ctopley (1966) and ‘Field

. e " been studied by Ande - ' ‘
4 (\ ;and pley (1970). The subjects for the Anderson and Crop-‘ »

'a)., _.nlfleant, B <4.02, in 1mpx:‘A

1ey study were' 320 grade seven pupils. A total of 22 ‘
b4 N
: o,

‘measures of origxnalzey, ability, and perdonallty functlon-l N

1ng were admlnlstered A principal components ahalys:.s-was
L S

performedwfollowed by graphlcal rotatlon of the factors to
S P

" an obllque relatlonshlp. ) Based upon loadzngs of var;gbles

A N

+

for» the . orlglnallty factor, .with major c0ntr1butlons comlng ¢
o a *

f‘rom the Gullford Tor‘ance tests, the data for the 31 most ;} ﬁ)

s

~‘ orlglnal and the 31 1*nst or,lglnal subjects were selected .

i

‘for further' study. In multlple regre551on analysis of the

contrlbutwn to prediction of

t;glnallty the CWS was a ?' s

+ p< .005, and was s:Lg—
£ .
n’predlctlon beyond that which .

hlghly s:.gn1f;ca.nt predictor
was possible from the sex varjable. Sex did not, however,
s 31gn1f1cantly add to the predxc 1on.of orlqlnallty beyond '
that whih was pOSSlble fro:n the CWS varlﬂ" L
L4 In studylng the relatlonshlp of. cognltlve style and .

scilence achlevement w1th semor year, high school students,
Fleld .and Cropley (1970) included among the measures admirn-
; lstered the CWS .and the Uses of Objects Test ﬂldson,

1966). Scored for orlglnallty, the Uses of Objects Test was
.§i’gni’f‘1¢an‘tly related‘to E{}e CWS, E< .05, .fﬂor the 104 male s
:subjects‘, but not’ for the 74’ females. While both the Fleld
- and CrOpley (1970) and Anderson and Cropley (1970) studJ.es

have found a p051t1ve relatlonshlp for breadth of categors'z-

~
-

‘-
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ation and’ orlglnallty the non- emergence of sex as an import- -
ant factpr in the Andii‘on and Croplay study may ﬁave been
because they were work,qg with subjectS'selected from the

extremes in origindlity. Anderson and Cropley suggest that

-

“the relatlonshlp of .breadth’ of categorlzatlon and’ orlglnal—

‘lty may occur through a common !‘38 }’k&ng tendency.
InSpection of the 1tems on the CNS suggests an alter—.

native explanatlon: For almdst every item. on the CWS one

’

can umagxn! e situ‘t:.o!’r in which tl’ee %xtreme ch01ce is the

corvect chpxce. For example, one 1tem states that the aver-,
- .

‘~qge ﬁl&ght speed ‘of birds is 17 mlles per hour and the
*‘:ﬂ,;fir .

-maxlmum speed ch01ce for the fastest bﬁ%d is 105 miles per’

hour. 5urely ‘at some tlme or other a ?ast flx;ng, d1v1ng o

ﬂblrd thh a. tall .wind has achleved such a speed. The‘sma;l—.

- o : -

est alternatlve ch01a.'for flying speed\ls_Z miles pef‘hqur.
Here again the combining together of several factors in an

unusua& way, for example a hummlng bird with a head—wlnd on

o

a cold day, and the smallest alternatlve appears to be the’

- one to choose:. Insofar as the realization of unusual

-

factors and ‘the combining of factors in unusual ways con- .

" stitutes originality, an explanatidnAof the positive rela-
tionship of originality and breadth of categorization is

possib{e. _

The.ffhding that-su ects of broad category w1dth show
superlorlty on arithmetqfal 1tems with wldely spaced alter-
nat;ves was cited in the' Q;ecedlng section. Otlgxnallty may

play a role in the reldtionship. The ‘more original thlnker
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hav'ing a wider n'umber_ of alternatives by wh}ch to approach
" the _preblem may "eee." methods for 'quickl.y oelixninatinq ser'ne“»
alternatives Qithou:t calculation, nethods not ava'ilable 'to '
the less original subject. For the pex's.n who has ‘arrived
at'the’reSponse by elinlinatx,on, or who h1as reduced the num-
ber of pessible responses by_elimination, the eventual |
calculation which is made is one of confirmation and the " ) ,
calculation is not the sole resource avajlable for decining

&hﬂ best response. ' “ o ‘ ;.'4

THE 1tems of the tests low in asses§ment context, -

cont&'.lnfng.as they do non- relevant information in tk* item
o qnghﬁyﬂllagrams and presentlng or suggestlng dxvet;e ’
o ‘}response alternatives, may prove to be the items in which

the ﬁf’g’ original thlnker may be superlor. Therefore a

- pos;,’r* relatlonshlp is 1nd1cated between the low context ,- :
_ vtgsgs:"!nd th'e ‘CWS on whlch the more original subjects score
R _more hlghly.- | . -
‘! o Summarz o . 0

Studigs have shown l(e.g'.' Gardner .aind -Shoen,” 1962) that
category width as deterinined by thé_ number of\ d.l-ff.erenti

items:a placed together inbi'_te_m—s,or'ting tasks is not. closely -
r'elat;‘e‘d to category width as measured by the range of |
stimullqcl'i'ff‘ering‘ along one dimension which are dttcmlned

as belng the same as a glven standard The CWS consists of

| E——

1tems whlch seem to reflect the latter 1nterpretat10n of

category width.



79

Kogan and Wallach (19€4l have shown, petticularly for
females making judgements in situations ere.they are not
confident,lthat the bzb}d.categorizers tehd\to adopt‘a
'-conservative sttateéy; Faced with‘aldifficult test item in
.fa school situation, a subject would probably be acting |
eohservatively by guessing at ao answer rdther.than omitting .
the.item when there is no penalty.for'gueSSing.f ?or the. ~
tests used'in the presént s%udy no guessing penalty is - T
advertlzed or lmposed However, the sl;'ht advantage thzs
mlght give broad category WLdth persons on difficult xtems
is not likely to be large since a m1nor1ty of the physics - ,
students are females and sxnce ‘the average difficulty levels
of the crlterlon tests are approxxmately .equal. N

Studies cited ih the preceding sections suggest- that
physios achiébement; the. HFT, SCiT-V‘andLSCAT—Q all ef wﬁich
are pfedictor-variables of the present investigatioh aSé
unlikely to be related to the CWS variable.

The CWS variable. is likely to be related.to pe}for;-
‘Vances on the assessment context tests,‘ Theihigh eontext
test,'which’resemoles the physics.achievement test, will
probably not ‘have a significant oorrelatlon with the Cws,’
-but the low3context,tests may be expected to show a signlf-
.'icant positive correlation with "the CWS The ab;llty to’
make dlstlnctlons among data- and response alternatlves of

low context tesﬁs, an ablllty once thought to be related to

narrow category WLdth, should not. alter the p051t1ve



AStudy (Smjith, Tyler et al., 1942) a

‘80

relationship of the CWS and performance on the low'context

tests. For example, Bierd (1969) has'shown~that college

subjectl low in scores on the cws are less able to meke

accurate dlscxxminations of line lenqthé than Sheir peers ;
.who" show high scores on the Ciiﬂ

Evaluetxng‘f_xsics Achievement

‘ ]

The assessment context varlable of the present study
has been deS*ned in Chapter 1 based upon real-life applica-

‘tion situations. The“purpose of the pzesent eection istto

‘'review the means of evaluating application and thereb%.to
clarlfy the place of assessment context in the framework for

.

evaluatxng the appllc&tlon ob)ectlve
The method of evaluatlng the applxcatxon of knowledge

of physics' have depended ‘upon the definition of what

_constltutes,appllcatlon. For the teachers of .the Eight;Year

on related to gpe

. -t
exlstence of technlcal devxgea or situqt ons ,in the homes'gr

&
surroundlngs of the studerrts; for Bloom (1956) applxcation

- » !
1nc1udes not only the workaday sxtuatxone ‘but aLso exten-uw‘w -
sxons of that which the students had,done~1n the learning
situation of the classroom; and for Hurd (197.3), application ‘
is"a more generalized concept related to the availability of:
multiple approaches and methods for problem-solvxng. Whiie .

“the application conceptxon by Hurd -(1973) seems the closest
to that adopted 1n the present study of assessment context,-
the studies cited above, and others too, are reViewed-beIOV._

¢
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Applicatienn dorived from the phyuical roality aro discugsed -
separatoly from appli¢ations balod upon the intolloctu&l
requiremonts of the ullol-mont talk. ','_‘ . '

Applications Taken from. Concreto Situations

Appraieing the proqrc-n of locondary school students
was an xmportant part of the Eight-Year Study (Smith Tyldr
et al 1942) . The science teachers. particxpating 1n the g
study :anked high in importancc the Obﬂective of application' . .
of prxnciplc- of scicnco (Smith Tylox et al., 1942, pp. 77-.

111). Test jtems ‘to assess tho applxcation objective wore'

P recuired to meet ;hreé crite;ia:. 1)-Thpy had to be. new to
the.ﬁcu4§nts, 2)7They hcd'to occut.frequently'in.actuc17

‘life, and 3) They'had to be oxblainablclby‘priﬁciﬁloc'actd- .

ally studxed by the students. Amdcg-thefexampleo of ;:v T e
appllcathﬁ problemc ptesented by ‘Smith, Tyler et al. (i942ﬂ |
are prqgblems about‘the nkiddinq of an automoblle on wet _ x ) - {
pavement, the bqoyancy of an oil drnm, the stOpping distanccf' , ;;
of cars at varicus apt&ds, and the changing air pfotcuxe ih”\.
tlres thh air temperature fluctuation-.. ,; _ '

While the examples meet the three crlteria they seem‘ j
1nadequate as means of asseasing whethe:ﬂor not the ltudonts
,had learned to apply knowledge to solving problemo as they .
arise in daxly living. The reason for the gpparenp inadc-
quacy is that the statomenfs of the problems are strippid’of

‘most of the addxtxonal data which inevitably accompany real-

life situatiohs. The probleJ\on the skxddxng automobile LT

P 4
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does not mention’ the timn of day, tho curvaturo, width °f

slopd of tho road, or the speed of the out, all of whtoh arc

potonhially relevant to the que-tion of how to ltop tﬁ‘ ~ K
z ,“

skid. The presence of a surfeit ot data. from which a .dlii-'“” o

tion must be made, a chnractorintic of the loy. conebut

iteﬁl of the present -thdy, is a part of almo-t ovor
life situation.
Bloom (1956) has noted the dxffxculty of simpl'

upplication situations whxch are new to st : s whi M

serving reality. For a problem Jn the cogn

L. 'nec;;sarQu .Sm¢th Tyler et al. (1942, pé, 92-945 aég-' ‘o
Nedalsky. (1965, pp. 31-32) have explained ﬁh:ilaccicudc-'andf
vabues play a part in arriving at the solution to many roal-
,ul!!O problems.. The low.context test item- are simpli!iod

w

ﬁxmmthe real lee environment to the extent that the. v
.qolution should not depend on &he: values ot the re-pondcnt.
w4 They arq not simplified howevey, to- 'the extont that only the
 data needed for arrlving at the -olutLon avn,pro-.ntld. For
all 16w context items at Ieast one non-rolevaht datum is |
‘present in the item stem of the: verbal itoms, or 1n .the
drawxng of the diagrammatic items,

-

Peneralxzed Basis for Deriving Alsel-mont Item-

Hurd (1973) has described the applicntion of kriowledge
as recognizing the principles of scierice xn relation to : -
. dally events and the takiﬂg of actions baued upon the knqw-
JS\ ‘.qugO, \As an examplg,bf applidation uprd (1973) offcrl the

. " 4 - .
: ii&““ ! N . L w . . ' -
S o

.
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nnkinq of a docilion on the nodd'tor a nuclin:'pbwot gener-

7ﬂat£nq station. ‘The yeneral featurs of -uch p:oblcml is tho

lack of, a ‘stable lot of cuﬁaition'. For ounmplc, in one

.

\
set of ctrcumttanct- the agzd for a nunlppf power -;.trqn

miqht havo to be oltablil mainly.on the basis of trends

in power . consumption. In anothcr -1tuction, it tho plant

.wore ‘proposed in a largo city, tha docilion ‘might be based

predominantly on -atoty toatur.- tor ifntaininq radlonctiv-

ity. lacaucc of the lack of a ut;blo set of circumstances

¢

for ‘the problam the student roquirol traininq 1n noioncp
emphapizinq multiplo approuchon and widoly-varyinq mothodi.
Hurd'- (1973) ;nterpretation of the application ‘of knqylodgo

:1n terms of varyinq -otn of datn provido- a ba.i- of louq,--'

‘ment which leems rolatod to thd’low contdxt iCOml ot thc

present study Not only do the low conte t items pOIIOII
non- relevant data 1n the item -tem-,'but fhoy have response

ulternatxves squeltinq competinq pr;nciﬁIOl. Just al the

~decision on the nuclolt qanqrator may ha&o co be made ,on

either. the demand for power or tho rcquitcmcntl of latoty,_

80 a teut item on a moving object may contain rolpon e

altarnativen calling for a docilion based on momant' ‘ or on

kinetic enerqy with the problam of the nucloar g nprating ! 37§

" station the basis for rqachinq a decilion_may dep nd on a

value judgqmont Doel the basis for -olvinq th /low cdntcxt

{

item then aLsU dcpend upon a valuo judqemcnt? ho nn.whr iv

no bccause uf Q loqtcal charactoriltic of Lha/itemp. !bt "

—_— ! .

- .o - . . . . . j
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only ‘one response alternatlve is_ there,con31stencv Wlth the.

avallable data. That is, whlle data 1n the.ltan sté;)may
suggest the posslblllty of calculatlng ‘either moqentum or

kinetic energy the data may be complete enough to. calcufate

"only one, r,. other specxflcatlons 1h the .item stem may

‘1nd1cate that only ‘one . is acceﬁtable even thougﬁ both could

‘structure. Smith (1970) attempted to solve the first of the

be calculated Hence, low F ; 1tém§ have a semblance of

n

the many p0551b1e varlables Hurd (1973) clalms.must be
handTled without hav1ng the varlables assoc1ated ‘with .the
affectlve domain which can lead to f%sponse amblgulty

Given the claim that the low context 1tems possessv

»

elements for the assessment of the appllcatlon objectlves,
does that mean that low context 1tems are exclu51vely appli-
cation items? The ev1dence\summarlzeq below suggests that
the answet is no, but with'qualifications.‘ P

Bloom's (l95§) claim that knowledge, unfderstanding,

?. .

.application, analysis, synthesis and evaluation fo;m‘a hier-

archy has been studled exten51ve1y Kropp et al. (1966)
noted that valldatlon studles of the hlerarchy would'be
difficult because of problems in finding response measures
which were unequlvocally sulted _to a partlcular taxonomlc
level, in establlshlng response condltlons whlch preclude - -
subject differences in initial knowledge and whlch do not
add knowledge in the process of iteg,tespondinc, and.in

finding statistics suitable to assess the hierarchical

L}

’

‘84



R / 85 .

three problems above byxprovzdtng subjects w1th a communica~

. tlon on’a tOplC, electrical 01rcuitry, Wlth whlch they had

- ‘no prev1ous experlence and - from_whlch test 1tems were
derlved' RespJnse condltlons were chosen so that the patts

,'of the communlcatlon related to the 51mpler levels of the -

-

Taxonpmy dld‘pot 1nclude statements relaued to tJe more' - !
complex levels of the Taxonomy Smith (1970) employed Hier-" -
R |

archlcal Syndrome Ana1y91s (MCQUlttY, 1966) deslgned to
cla551fy taxon - levels based upon the statlstlcal dls-
tance between them. Smlth (1970) found qualifled support .

. for the Taxonomy w1th the knowledge, comprépenS1on and.
appllcatlon'%endlng to form a cluster and the analy51s, syn-'”

thesis and evaluatlon levels tendlng to: ¥orm a separate
4,

N

1nter related clJ;te;; JThere were var;atlons w1th1n the . ,

Pe

two- cluster patte%n for each of the three subject samples,

university undergraduates,.nlnthfgrade students and seventh-

grade students. 1In another study ‘Smith (1971) found that

for eleventh -grade students the assumptlon of no prev1ous
knowledge of non-curricular content of" economlcsrand soclal'
”studles may not be'valid. The finding‘of Smith (1971)‘_
suggests that:the'subjects of Smith (1970) may not have been

Qperating at the predlcted taxonomlc Ievels, partlcularly _fS

the older, undergraduate SUbJects. —

o

Stoker and Kropp (1971), assumlng no prev1ous knowledge

for subjects and prov161ng communlcatlons 1n the form of

readlng passages, angdlyzed responses to taxonomlc tests by



.

Guttman—angoesr(IBSA) smallest space analysls., If a hierr»

n‘-archy exlsts of the type predicted for the Bloom (1&56)

Taxonomy, the matrlx ‘of lntercorrelatxons should exhibit T

,distinctive features. One feature is- that the correlatxons

i v .
along any row of . the matrlx shouldyhaVe suocessxve magnx*

tudes 81Mllar to a permutation of thoae along any other TOW.
-8

"Secondly,‘small-magnltude part;al corre&atgons betueen non=

successive levels tests should be observed when the effects

» .
of- tests at lntermedlate levels ‘are removed And further-

more, the plottlng of the two characterlstlcs of smallest-
space analysis should produee concentrlc flgures with the ’
most fundamental levels most central Stoker and Kropp . E
'(1971) fou limited support for a hlerarchy 1nvolV1ng the
taxonomlc zZvels with the exceptlon of the knowledge level.
Tests at the knowledge level did not f0£m part of the
concentrlc pattern suggestlng lack of hierarchical rela—
tionship w1th the ‘other testss

" The studles of the Bloom (1956) Taxonomy are not
convincing~on the questlon of whether or not appllcatlonf )
stems are really part of a hlerarchy.’ While the study of
Smith (1970) showed appllcatlon to be in a hlerarchy after
knowledge and comprehension, ﬁtoker and Kropp (1971) found
that knowledge was not part of the hreri:shy. Podle (1971)

was not able to substantlate the hlerarchy and noted severe

dlfflcultles in 6bta1n1ng con31stent judgements on the

classification of items. Except for Poole (1971) all of the.

o
-

. - -
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A ‘.clted studxes did find that#copprehenslon and analyszt

S e

formed at 1east a limited hierarChy.- L {_' Ti) 1;W“ﬂ‘:“.t
Avital and Shettlewoxth (1968) reasonqﬂ that comprehen-»"

"sion and appllcatxon ‘differ not in complexlty‘of prbceae but

;n the degree of novelty of Qhe situatxon in which knowledge

T is combined-‘ They argucd that the knowledgq~levul involved

\
recall or recognltlon, -and that the analysis*synthesls-

novelty. Slnce the exact proportxons are dlfflcult to

“'mathematlcal nature of many phy51cs 1tems suggests that the

.

evaluatlon leve}Drequlred the student to- produce a solutlon
N

entlrely new to him, but the comprehéhsxon and applzcatxon

levels requlred ‘some elements of recall and some elements of

'spec1fy, comprehensxon and appllcatlon were complned as

algorlthmzc thlnklng.' Av‘tal and Shettleworth's classxflca-

tion scheme was derlv%d for mathematlcs 1tems, but the

3 22N

.scheme may be appllcable._ e

-

The deflnlng of low context test 1tems 1n terms of ;the .

presence of non~re1evant data and multl—concept response

alternat;Ves prov1des ag operatlonal deflnltlon of low

versus’ hlgh context items. Thus the classlfying of ltems as

low\or hlgh in context is muéh less a matter of Judgement

- %han is the cla551f1cat10n.of 1tems-W1th1n'the’Bloom (1956)

categories.
Summarxl . ]

',de context test items»have‘been shown to Be more
elosely‘related to- application as‘defined‘by'Huro (1973)

-
°

Y
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3non-rolnwant data and multi-concep% {Jeponse al%ernativos

“(1956) Taxonomy may be founderlng on the “la¢k of cons;stemt

: partlcularly items beyond the knowledge level

fxn thq;r lev' of assesamqnt. In spite of tho otenencc of tr

t.hose st.udom:s wm uu recnn ox xammmitiqn tb &otoui.np
the responke are operaﬁlng at the knowledge level.
The studles of Poole (1971) and Smith (1970) have o

Suggested that attempts to yalndate a hlerarisy of the Bloom

X
Y

juagements on the placement in’ the’ hlerarchy of 1tems,v;m '< 3{fﬁ‘

_The ratlng of 1tems as low or hlgh 1n context is basaf .

on. Operatlonal methods llkely to have less amﬁ;julty than S

those used to :ate 1tems in the Taxonomy (Bloo » ©1956)..

N&\s . v . P . | . . . . ‘.. ‘» " o N . o , N
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t context 13 the cr:.terion variable of tha . o

pﬂtﬁaﬁr A fuli explanatiou of‘assesament context
/ Lo
’tqsts conitructed to measure it form an’ important e

, \ Cﬁxw- WtW0£ tm\ptmnt nhaptn. In addi- :

-

A ?1”nv the tests used to appraxse the independent varlab1e5' i .
Pqe descrlbed. The second part of - the chapter embod!&s the

A8 detalls of the desxgn of the study 1nc1udxng sampling, test
.t}f admfh&stratien and data analys}s proeedures.‘ B

r rf- + In the ;resent anestlgation rplatlonshlps were sough&
I - among assessment context, physice aéhlevement, extent of

’_“ : fleld lndependence, breadth of categorizatlon,mand numer1cal o
'f:mj“ and verbal abllltles. 'AJ‘fsSment context was the crlterlcn .} —j)7
varlable and was aSSessed by three tests- the ngh Context o o
Test (HCT), the Low context Test (LCT) and the Dlscrepancy
__Detectlon Test JDDm) o _ ’ .
The HCT- and the LCT were both verbal tests w1th
~mu1t1ple responses. ' For reasons descrlbed below the HGT and-

,LCT were comblped for admlnistratlon and deszgnated as the N
: ' N\
'Physics Test (PT) The DDT, also low 1n aésessment context,

l

conSLSted of dragrammatlc 1tem$-w1th free—response format.

iy

Physxcs achlevement was measured by a multiple ch01ce

. test hav1ng two Sub- scales 1ndlcat1ng achievement at the'

3know1edge and the algorithmlc thlnkxng levels.‘ ‘The .Physics . -

Achievement Test® (P30) must not be confused with' the PTfm, :
® ’k‘:ﬁ-n. i
'whlch is the comblned form of the HCT and LCT. The two sub-

-
N . . - v " o
. . ° P . e o . L N R oy - . . .
. « . o | . 89 ‘ -
. . . . . A ] !
. N . ) - . . " .



‘Thxnking Tes't (ASAT)

' (Jacks;:éj}raig: 1964) and. the Category Width Scale (CWS) -
. (Petti 1958) . | o L

scales of the P30 were named the Avital ghettleworth Know—

ledge Test (ASK) and the Avital Shettleﬁbrth Algorithmxc

!

»

Extent of field 1ndependence and breadth of categorlza- .

-tion were.assessed.by means of the'ﬁidden‘Flgures Test’(HFT)

A General scholastic abiiity in the verbal and qﬁantitaf‘
tlme realms were measured by the Cooperdtlve Schodl' and "
College Ablllty Tests, Verbal (ScCaT- V) and Quantltatlve
* (SCAT-Q) -

In the flrst subsectlon whlch follows the meanlng of
assessment context and the methods of rating’ the assessment
context are descrxbed Succeedlng subsections describe the

constructiop of the assessmant context tests and the proper-

tles of the tests used to measure the 1ndependent variables

of the study. 4 Eh,frs

Assessment Context L .o .

- The assessment context value of a mulﬁ@ple.choice test
’

item is deflned in terms of the follow1ng ptopertles- (a)

the amount of redundancy in 1nformatlon used for correctly

* solving the item, (b)‘the presence of information in the

item stem which isﬁirrelevant to solving the. item, and (c)

thendiversity,of the conceptsfto be found among the various,

alternative responses provided in the item.

Redundancy of the essential information:in a. test item.

e °
© . i .
e

- 9Q
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ﬁis evident when a diagram is used to repeat information

giGen verbally, or when excess information is provided by

repetition qfdconcepts by symbols or by naming the origina-

pu

tor of a law of physics in addition to:stating the Ilw, or

by providing measurement unit names as well as the'names of
| A
. the quahtities being measured. -Consider the following?®

contrasting tﬁtmbles: Sil - ¢ - .

A. Newton's second law_states that a:mass of (m)kg

will accelerate at (a) m/feczsﬁhén acted’ up

an-acq%lerating.fOrqe of .(f) newtons. -;f-éﬁé

: . .
force is increased to (2f) newtons, and the mass_ -

is decreased to (1/2 m)kg, the accele;ation will_~\

become S ‘ : e .
1. (4a) m/sec2 - : .
2. (2a) m/sec2

_3.‘ ( a) m/sec2

4. (1/2a) m/sec? L\\F// ;
2 ' K

5. (1/4a)fm/sec

o * @

B. When & mass is acted upon by an unbalanced force,

it will accelerate. The magnitude of the acceler;

ation is directly proportional to "' .

1. the mass and to the force ( ' .

2. the force and to the square of the mass
’ . ! . . .
3. the mass and inversely proportional to the -

force i : .
4. the produéf of mass and force : -
. .o . L e
5. the force and inversely to th€ mass

°

. . . - 2 o :
. N *
>
. *
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.\value‘than itém B.

d

» * ~ .
,

Essentially the same information is conéoyed in A and
in B but with ‘less redundancy in B. . In Ttem A the. principlo
required for solving the item, Newton 's second law, il

named; also the\usual symbols for mass, acceleght}on, and

force are'preéented as well as-the physical units. in which

each is measured - On the other hand,,item B contaxns only a,

non‘quantitative statement in the item stem qbout mass,?

force, and-acceleratlon.,‘ltem A is rated higher in context
" o -
. . )

. The second element whfch affects context value fs the

presence of lnformatlon irrelevant to that tequired fOr .
A3

-solvxng the'ltem.. When 1rrelevant informatlon is presqnt in

an item, the item 19 rated as belng low 1n context value.
The follow1ng 1tems 1llustrate the presence - and absence of’
1rrelevant 1nformat10n, respectlvely
P C. A wooden Cube has a mass Of -1.0 slug. The cube
is 1.2 ft on each ‘edge; itS»specific gravity is
0.29:' An unbalanced force of 10 1b accelerates
the cube through a dlstance of 20 ft, Startlng
fromvrest. The acceleration of the cube is
1. 24, fr/sec?
- 2. 10 ft/sec2
- 3. 0.3l;ft/sec? o : ce
3. 200 ft/sec? : ‘
D. A mass of 1.0¢ slug is acted upon by an unbalanced‘

-

forcéﬁof 10 1lb.. The acceleration of the object is

v r

92



»l ‘100 ft/uc2 .‘-

2. mft/uc’ S | S

3. 0. 10 f«.-/ucé .
R P None of the above answers
Item C containq tntormatidn which is irroloVant to
_solving the.item. -pata .on tho gi:c of the object, tho spec-
ific gravity, the dxatanée through which the force acts, and
the startlng.speed are unneceasary for calculating the_ac-~L'
celeration. On the other hand, item D containa onl&iinforé.
mation thch is needed for aﬁawering the item;. The informa-
tion' in test item D 13 redundant in that the specific units
do not actually need to be provided for mass, force or ac-
celeratlon. The mass could have been de81gnat¢d in "mass
units", or "British units of mass" rather than in slugs.
The;provision of "slugs", Qnewtons” and ‘m)secz" prouides
the student.,with extra a581stance for recalllng how to solve
this 1tem. The student ma; have forgotten how to calculate
acceleratlon from mass and net force, but naming of the masa
.unlt, the slug, could help him recall f = ma, since this is -
usuallyvthe relationship in whicn thSlcs students are first
»called'upon to work inbspecific:mass'units. Recalling f =
ma probably makes the item solvable. Although the prov1sion
of the partlcular measurement units represents redundant in~
. formation it is rot lrrelevant infqrmation as }s included-in

item C. “
\

The thlrd property on\whlch 1tem context depends is the’

-

dlver51ty of phy51cs concepts presented among the reSponse

. - ‘ -
LY
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alternatives pa the item. I€ all of th¥ reaponyes to thé
item are related %o thn same pﬂyotnl eoncept, for oxanplo.
all kinetic onctqy aqfuntl. the 1t¢n 1- ot hthor"bntgxt
“i\un than *! each of the alt.rnutivc rooponscl demands
_'ho conoidoration o! different’ concqptt. By the dofinltxon

o!.phylic- conocpt adopted bere kinetic cnotgy. !g/.ocz.'

.

i d » "'\ -"' [ -,"‘ oo
. B N . o :-

o .coolqraeioa are three differesnt euaeiots up.:..; 2 gg;...ﬁ IO

2

and 3 tt/ooc arc a.lunod to be tho samo phycica concopt.

-

The tollowinq two itcms bavo. rcspoctiviiy. cinqlc conccpt
and'multiplc coneopt response a;tornativo:. .
" E. . Two objgcts, oﬁeehnving a mass (m), the other a
mass (2m), are limultenoouily'r;ieaned-froﬁ the
top edge of a tall building. By the time the .
two masses have fallen 50 ft, the larger mass

will have

1. a kinqﬁic\energy-4 times that of the smaller. e

2, g kinetic energy the same as that of the ..

smallet R ’ o

. 3. ‘a kinetic energx twice that of the h .

x‘smaller ‘ ‘,> 3 ._ — ;/{n

4. ' a kinetic energy one-fourth of that of the

smaller. - . .

F. Two objects, one havingha mass (m) and:denSity.ﬂl);"

. ‘the other a massCKZm) and density. (d,), are simulfw ]
taneously released from the tOp cdqc of a 100 ft

hxgh buxldlng By thc time thc two Masses huvc ’ 1

fallen 50 ft, thc larger mass will have:



A

) " . . . - o
. . : e
Q,

1 the -m Iunouc on.rqy u thp -nnu uo.

2. the sane mntm lc the smaller uu
3. f.ho nﬁo net torch on 1t u the mllor u‘

.. m om‘vcloeity ‘a8 ehq mu‘t mass. .
' \

.

‘ - Bacause of €the wider di\mr-iey of bcncopu in- the
altozmtive r..ponu. to :Ltla r as com:.d w.uh 1ta 3,

1tm r vou"[d . rated zmr“h nm convext thtr"tdt-

4 ~ . .

. o . t

;The asqeasm;qﬁ.contaxt oﬁ‘a? itcn,-?hon, ié rolatod‘ﬁo:
(a) the amount of redundancy of essential informationy
(b) the amount of information’ in the item stem which
E -is irrelevant to answering the 1tem, ‘
(c) the e*tent of the dlversity of phylicn concepts
presented among the zesponse altcrnatives.
_An 1tem havxng redundancy of thg__‘ggntiah information,..
no 1rre1evant 1nformat10n, and only one phys1cs conccpt
among the response alternatives iq_natbd hiq.hpn asqcocq.ﬁt ‘a

context. But what of items ﬁavinq\oﬁly one or two ofvtheie

- -

~ properties? ’ ‘ : to ’ ’
It is possible to write test items with-all possible

combinations of-the £hree propérties described abo@e. ?Bgv

o

number of comblnatlons of these three properties in a eest
* \

item . is elght based upon redundancy of the essential infor-
matlon (Yes or No), only xelevant 1nfonmatlon {Yes or No),

and slngle concept response alternatlves (Yes or No) Thus \

the number of pOSSLble comblnhtlons is 2 x 2 x 2-= 8 and the



lpnw ‘conbexnt of an uun-oa nw'u w lu"hg
03 uuouau\ont.. m i-um! hnm ‘! qn t*
varies upng on u‘tml oq\’ Mlﬂ upen W pdt

poou’not- . f, - .

In, ord.t to coccntuntc thc

. L i

the Ptc.nnt utudy. 1&” MQ wnew Uhfoh» oouu ’t tﬂ‘ .
.98 high or lov in a'unuort context boo.u;- M CM ;ut‘ ' .\ N
contain the mfddlc" co-binationo b! the thro. nnunm;\t ‘
cofeext cru-.-ru. This meant that items high ufuunnnt T
context. had to have rodundan&y of the cn.ﬁnthl i.htomti.@n. -
nQ irrelevant data, and a single phyaico conc.pt for tho c.
response &lternatives. In contrast, items low ‘Ln.uua“t .
context ‘had to have two or more phylica eonccptl anong tm .
respon‘ue altornatives and at least one example ‘of irrof‘-

vant 'data. . However, the items niqht or. might aot havc e

R

contamed redundancy of o-untial intorntton Attc-ﬁu to »

write items without tedundancy of tho Q-l.nthl infomtion KR

<

were not succes-ful since tho !nglioh -language itnolf is - -

redundant in the sense that certai.‘n “words. u}&be dcl.t.d

frpm sentences w1th’out\ the sense Qf the, sont.nco boing 1oat
(Attneave, C

958) ‘The redundancies o£ essentxal infomtio‘:\
- ‘ . °
in the low coMt items. were - ;minimized by not ptoviding

diagfams .in addition to verbal ltat«nents and by not uting

/

standard physical units for any of ‘the data provided. “

resid'cs the"ver'blal rtems degcribed abowve, a sét of ...
. ] ) \ ‘ . ) - . . . - H

-
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diagrammatic items was K also prepared. Each item'cohtained

)

a dlagram and sometlmeJ a few labels of parts or words of .

«

description or assumption. sﬁudents respondlng to the items
were told that the diagram might or. might not portray a

situation in which a law of physics yae violated. If the

student felt that there was a contradiction between what -he
knew of phy51cs and what was shown i the diagram he was to

explaln the nature of the contradlction, if not, he was to
I

* saP that the diagram was all right. Because of the nature
of the ‘task, the diagrammatic items eventually forted a

Discrepancy Detection Test.(DDTﬁ. An example of a -DDT item

is presented in Figure 2.
The DDT items are low in assessment context. Even the
~Simplest diagrammatic portrayal of a situation contains data

whlch are 1rrelevant to securlng the required solution. In
- {o—
Flgure 2 the negatively charged object 1s shown to be larger

rthan either of the positively charged objects and shown to

ha&e 10 times~as many negative charges as -there. are posi-
tives on either of the other objects. ' Yet these,featgres
are irrelevant since the'basic nature of the item would not

be chahged if the negatively charged object were twice as
S ] _ o . _
large or half as large or if it had 10 timé€s as much nega-
U .~ :
tive charge or half as much as is shown. Thus the size of

the objects and the exact amount of the negatlve charge are
ey
- 4

‘not relevant data. i '
The DDT items contaip little if any redundancy of the
' y

™~



1Figure 2

‘A Diagrammptic Item from the

Field of Electrostatics

o

2F
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- //élbential information._AIh Figgre 2 the essential informa-

s

£

tion is comprised of the equivalent amounts of positive’

charge on the two right hand objects, the equal spacings.
along a line joihing the three ohjects; the force amounts
(2F) and (F), and ‘the d1rect10n of the forces on the rlght

hand objects. Alterzng any of these data would alter the

31tuation posslbly changlng the nature of the item from ahe

. . ’ /fJ
in wthh there 1s a dlscrepancy to one in whlch there 1s

not. .
'The DDT items potentially‘sqggest several physics"
cohcepts for their solution. 'In solving Figure 2 the
student hay¢consider a gravitational force explanation, an
explanation in terms of the direction of'forces amohg like'
and unlike electrlcal charges, as well as Coulomb s Law for
electrostatlc forces. 7

'The DDT items ‘are then considered 1low in assessment

-

‘context since they contain irrelevant data, have minimal

redundancy of the essential information, and, potentially at

least, giVe‘rise to alternative physics concepts for their
solution.

There is a diécrEpancy in Figure 2. Since electrical

forces are governed by an inverse square law the right.hand-

ed p051t1ve1y charged object ‘'should experience one~quarter

as much electrlcal fo¥ce as the similarly charged objects

located half as far from the attracting’ charge, instead the

’

right handed_object is shown to - experience one-half as much

.

force as the other positive charge.

99
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The coﬂstructlon of the crlterlon tests 13 described

next. Because of the HCT and the LCT were both verbal,
multlple choice tests, and;because they, were eventually
'combined for administcation as a single test, their itemq
'were‘not,distinguished:at ﬁany.of the teetAconstruction
stages. The.bDT,'heceuse'it differgg in‘ite?~for@ and
response format, was not constructed in exactly the. same wayi
s the LCT and HCT. | o . o

e

The LCT and HCT. Because the 1nvest1gator 8 t.aching

competence was strong in phy51cs, the items for the "HCT and
LCT were wrltten for the content of the Alberta Phy91cs 30

course hased upon the textbook‘Fundamentals Of‘Rb!SlCS

“(Stollberg and Hill, 1968) as used in the 1971-72 school

year. Physics 30 consists of approximately equal-time
allotpents for statics, kinemetics, and dynamics under

ﬁechanics and for electrostatics and mdgnetostatics, current
.e;ectricity, and electromagnetism under electricit§ and
magnetism. ‘ ) ., '..‘,o |

Forty five items. ]bw in assessment context and 45 items
‘hlgh in assess$ment context were written by the 1nvestlgatoi//
iw1th approxlmately equal dlstrlbutlon of- 1tems among the- //
various content areas. The procedure adopted was to wrlﬁe
alternately an item hlgh in assessment context and then/one
low-;n‘assessment context_unt;l each of the six main‘ereas o
of‘the Physics 30 course was represented with 15 items. . Al-

-

though items both high and low in assessment context were



e ST ‘ldl-w
not written for each concept or principle of phy.ic. assess- .
ed, approximately equal numbers of high and low aeeeesment '
context were constructed for each content area of the
Because of the novel features of the low context 1teme._;:"
da prellminary adminxstratlon of l5 randomly eelected items |
.was carrled out. wlth 11 senlor hlgh school students who had
,‘recently completed théQE\zsics 30 course from the Stollberg \d
4and Hlll (1968) textbook._ Thq,purpose of the tryout wal to

assess the adequacy of the dlrectlons for the LCT the time

requlrement for the items,’ and the. reactions of students to

the items. "The results 1nd1cated that the directlohs were ‘ ;&,
suitable, that a tlme of abéyt 1 1/4 mlnutes per item was "_”hnlf&x
ample, and that students d1d not react unfavorably to the }:$}EE g

low. context items. . : x_f' _

Subsequently a. pretest of all 90 1tem3\was carrled out
Wlth four class sectlons of 1ntroductory physics,\ahysxcs
100, at.the. University of Alberta. Physics loqbwhose\\‘xx;
contentS'are mechanics, electricity and megnetfdﬁ is equlyaf‘
lent to éhysics 30 for the Province of Alberta. 'lne‘
students of Phy81cs 100 are not requlred to have completed
any4other‘course in phy31cs. Persons famlllar both. with
Alberta High Schoolshand\the Unzver51ty of Alberta are of
the oplnlon that Phy51cs 30 students, who have elected to

enrol in a course with a reputatlon for dlfflculty,rare

N .
generally superior in science ability to the students of

Y
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Phyoica 1oo, who are é%ton required to en:ol in tho course _;ﬁ‘4u:
to achieve a prerequinite fot nomo courne in whfch they ere"""ﬁk
uinterested Neverthelees, the Allumption wae made thet the R
icapabilities of Physics 30 and Phylica 100 students werp -

'T_‘.AJcompa(\Ele. L m““

 Various time allocetlons were epecified by the instruc-:fﬂ

o

. w" ‘tors of the four unlversity class sections.. Iézks wére f'?
| Q eelected randomly without replacemegt from the pool of 90 - e :Q»;j
%ﬁ& f 1tem% for four subsets of 21, 21, 18, and 30. items renpect- |
f}{. : ively » Thirty minutes ef class time weze aJailable fer each_fhﬁ

of the 21 ltem subtests, 50 minutes each for the 18~ item andh

30-1tem subtests. The 50 minute perlod wae]needed for the

1.

18 item subtest because an add1t10na1 set of diagrammatic e

. items was also admlnistered The numberg of: ctudents wrlt—-

Ao

1ng each subtest were as follows:

first Zl-item»subtest,' o 27 students '
| second 21-item subtest, =713 students:v I H_f‘h? t Q
) - 18-item subtest, . A | 53‘student5'v | | |
30-1tem subtest, : -~ . 45 studehts.

- For each subset the item difflcultles were calculated |
Items for whlch the difficulties were less than 0. 25 or;
greater than 0.80 were e11m1nated from further consideraif.
tlon, Wlth four exceptlons. The four excegtlons vere items
for’ whlch the teacher of the un1Ver31ty clase felt that thehA-'
~ topics were 1nadequately treated and for which the investi-;?

‘gator con51de£ed the;e was ample treatment in the‘Phy81cp 30

]



}'courue. After’eluuination‘ﬁf'1temc 0  lnadequat- di!ficul-

- da

.'tiee.,biseriel correletions between ite
calculated along with thc cluster JLaly
,Loevinger Gleser and Dunois (1953) for

kY

and te:t total wore ‘
is procedure ot
'cn‘sutteot}f ’

'8 panel of three experienced physics\teachere rated the
iteme not eliminated by the difficulty criterion as’ to

asgessment conteXt level and as to content validity .The
LN T

Vlnetructxons to the judges are presented in Appendix A

Thq crlterma for reta;ning items 'ere: difficulty
By

tlevels between 0 25 and 0.75,. elther high or low on asaess-

ment context majority agreement of judges on content

an&1y31s procedure (Loevinger et al., 1953)., G;ven the

+

small number of students who wro\e -the subtests the biserial

'correlatlon and cluster membership criteria. were relaxed for
some items in order éo have 20 items .low in assessment .

context and 20 1tems hlgh 1n context wi!h sampling from each

i"

'content area for both tests. Item'data‘hnied upon pretests'

and'aterjudgements are summarlzed in Table 2.

\~—~4,,~ "

ﬁf g ems 4, 19' 34 and 38 (Appendlx B) d;d not meet the

: f@ _
di?ticulty crlterlon as ‘described above. .Items 11, 25, 29

and 31 (Appendlx B) were revised in order to meet content e

-

va%gdlty and assessment context crlterla. Hence the pretest:

no longer applled to these Ltems.

~ -

The 40 assembled items constituted artest called the

le

’.valldlty, blserlal correlatlons ‘with subtest totals greater ﬁb“

'than 0 30 and, membership in a cluster based on the cluster .

v
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Table 2 | , : \

Summary of the iPretest Data for the
PT.Which Includes the HCT and

+the LCT ad Subtests

b
& W

’ ‘o, ' , Dominant
: Assessment Biserial cluster
Item® " context Difficulty r -membership
1 High - 0.75 -0.15 Yes
T2 Low o ‘0.38 -« -0.05 ' .'No
3 Low . 0.24 0.31 No
4 High - 0.15 0.55 : No
5 High 0.31 0.25 . Yes
.6 Low , 0.29 _ 0.12 No
7 High . 0.23 - 0.57 .  Yes
8! Low- ) 0.85 0 Yes
9 Low 0.51 _ 0.44: No
10 Low 0.42 0.52 Yes
11P High - - -
12. Low * 0.63 0.03 Yes
High . 0.42 * 0.09 " No
High 0.42 0.24 - Yes
15 Low 0.39 , 0.39 ~ Yes
le6 High - 0.55 - . 0.28 Yes
17 < * Low -0.44 0.40 Yes
18 High 0.67 ‘ 0.60 No
19 Low - 0.16 ° 0 No
20 High ’ 0.24 0.31 : Yes
. . ‘ . &t Pl
A1l items were certified as to content validity. b

bThis.ftem~later was revised. Its content validity and
, assessment context were re-rated, bhut not difficulty,
. biserial correlation coefficient or cluster membership.

A d



Table 2 (dontinued)“

Summary of the Pretest Data for the

PT Which Includes the HCT and

the LCT as’ Subtests

40 ’ Low

S . .- ' _ Dominant
SRRY) Assessment & _ Biserial cluster
Item context Difficulty r membership,
21 - High 0.15 0.53 No .
22 S Low 0.45 0 Yes
23 High 0.33 . 0.26 Yes
“24 " High 0.27 0.39 Yes
25P Low - - T
26 High 0.07 0.69 No
27 Low 0.27 - 0.30 Yes
28 - Low 0.63 —0.;1 Yes
29P Low - = -
30 High 0.48 0.40 - No
31P.  High - - -
*33 - Low 0.24 o Yes
33 - Low 0.15 .-0.12 No
34 ' High 0.11 0.44 No
35" High 0~ 62 0.32 No
36 High 0.38 0.30 Yes
37 High 0.38 -0.61 Yes
38 Low 0.13 . 0.13 No
39 High 0.40 0.39 ‘Yes
0.46 0.26 No

'leis item Was_rebised; Its content validity and

-

assessment contexXt were re-rated, But not difficulty,

biserial correlation coefficient or cluster membership.
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_Physics"re‘st which is presented in App‘cndix).»_\The lubl.t.

of 20 items low in assennment context forqu thd ICT and the

[¥

\20 items high in auseslment context the HCT .

.
N
-

Resesarch related to the HCT and LCTz The test items of

the LCT exhibit/ several p;operties which may be_called non-.{
standard. The LCT items contain multiple phys1cs concepts
.among the response alterh‘tlves. The effect of the multiplef‘
concepts is to make some responses longer than others in thé
same itemr and for.some items the ‘verb af the sentehce
connecting the item stem and response alternativo_s ﬁ
located in the response alternative rathefithan in t item
stem. The‘nonestandard practices just noted conflict with
Nedelsky's (1965, p. 166) recommendation that response
alternatives should bevhomogeneous in form. Yet studiés of
Dressel and Schmid .(1953), Dunn and Goldstein (1959) and
McMorris, Brown, Snyder and Prezek,(lS?i)'suggest that the
impact of such non—stanﬂa;d practilces is minimal.

Dressel and Schmid (1953) designed~response methods
which forced college phys1cal science students to evaluate
each alternatlve ratﬁﬂ% than to pick the one suggested first.
by analy51s of the item. They teported no signlflcant<‘

.dlfferences among student'performances on;various stanaard
and-non-standard reeponse'formats and.conciuded that_considl
erable liberty could be taken with modifications to.the’ -

_multiple choice item without impaiting_its efficiency

(Dressel and Schmid, 1953, p. 595).
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Dunn and Goidltoin (1959) IndeqHOIril et al. (1972)".‘ :
inéestigatad the ‘effect of ltom.faﬁltl including tﬁc.rtp.ht-
in§ of words }n stem and.rélpohlo altgrhative;, unegual
_response lengths, and grammatical incon.i-toﬁ§1¢- betwaen
“séem and response altqrﬁatives. The results for the army
subjects of Dunn and Goldstein.and the senior high iéhOOJ
'supjects'of McMorris et al. were similar in that the stem
faultsltended,to make items somewhat easier, byt the valid-
'itiés and rellabiliiie; were not significantly affected, |
The findings reenforce the cohclulio? 6; Droi..1 and §Eh.1d
(1953)'thét multiple choice items can be modified without
serious éonsequeqces. N -
The~§reseéce of irreleévant information in items of the
LCT can be®construed as similar to_”wihdoy dressing”.which
Ebel (1972, p. 217) warns against. Board and whitney (1972) .
introduceq window dressing into multiple choice items wiihj14"
poliﬁicél science content; The subjects of the study were ‘z%
college Qndergraduatesf While the difficulty levels were
not affected by the window dressing, Board and Whitney
(19%2) found that the validity of a test having such items
‘was sémewhat lower°than a’standard'tesg and the reiiabili;y
was‘signigicahtly iéds. ' ' .
The evidence sugge%}s ﬁhat4the impact of the non-ktand{f
ard properties of items SQ ﬁhe,téchnicél qnaiity of ﬁhe LCT
i; likely to be pinimal, eicept possibly that fhe,reliabil—

,

fty méy‘be somewhat less than that of a similar test havjing

l
V)
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standard items. The poui,ibility of lower reliability than .

that pooliole with standard 1temu'il docepied for the

pralent -tudy -inae tho LCT 1- a research inatrumont and not‘ .

one beinq used tor decilion makinq on ltudont aohioyement m
The DDT. Forty-tiv items were prepetbd 1q1ticlly.

Approximately equal numbeys of 1temn were conltruoted for

each of the major areas ofltne Albcrta Phy-ic- 30 Courle.

1971-72, based on the textbook by Stoliborq and Hill (1968).

'The phynics areas were ltaticn, kinemntice, dynlmiol, -

'electroma'gnetism . The items were randomly anlembled tc;orm ‘.

a test and the test was administered to 11 high school

seniors who had recently completed’the Physic6’30 course. ,
The result of the preliminary administration -howed \ '

that the 1nstructlons to students required improvement in ’

order that scoring be rellable:d The. responses of the 11

etudents were sometimes_uncleer as to the COntraQ£¢tiona

they felt existed between'thelr knowledge of phyaxca and -

that Wthh was portrayed 1n the diagrams. ‘Some studente“

‘named only"’ the pr1nc1ple v1olated, others stated only what L

'they felt was'1ncorrect in the item without namlng the

prlnC1p1e v1olated. Subsequently the dxreotlons were -

'

modlfled asklng subjects to look for contradlctxons between

. Jhat was pxctured and that .which their knowledée of physice_.

1ed them to expect 1f a contradxctxon was - detected both
thé rule of phy51cs violated and the speciflc v101at;on

were to,be stated. If no d1screpancy exlsted the student
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simply put the letter "C", for coxroct. on !'u-'m:'up‘onn : .
papor bouido tho ‘number of the 1tom ‘- The timo roouirod for
Mltud.ntl to roapond to the DDT itomc avoraqo& about 3/4
- minutes per. item. ' _

; ‘The items with revised inltructionu ‘were thon admini--
.torad to one class loction of Phylicl 100 at the Untvorlity
of Alberta. Thirty thtee studontn rospondod to the items.
i.The difficulty levelu and biterial corrolﬁtionl botwoon 1tom
performancea and tost tOtall woro calcul:j:d.

Tho dooioion ‘had boon nodo by the 4 -ttqatOt to

. %

restrxct each of the criterion testo tc 20 it-mo because of
restrictedltlme aveilah@lity~of the students for the ltudy.
Items fot-the DDT were selected“bQ the f0110wing-crfteriﬁz

1) content coverage of each of the eight physics areas, 2)

item dlffzcultles in the range 0.20 to 0. 80 *3) bisorial

N
correlatlons of- 0 30 or greateru Pretest data for the 20

- 1tems‘fetained for the DDT are summarxzed in Table 3. The

.

.four'ltems not meeting the dlfflculty crlterlon were retain-~

- - :
ed heamuse there wasg reeson for the. 1nvestigator to believe .

v

- that they related to concepts not . stressed in the physics

cburse of the ptetest group but empha91zedvip the course of

. .study of the target populatlon.

The DDT is presented in Appendlx C.
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‘Reviey of studies related tq the DDT. A method of ‘f“‘

assessing physics .achigvement dsiné pictorial items has been'\‘

devedoped by Podrasky (1971). Podrasky felt that the verbal
, _ ’ '



Table 3. ¢ . Lv.vi.

Voah . Summary of the Pretest - .
Data for thm DDT . .
° , "Dominant
. " a . Biserial cluster
Item © Difficulty” r ~ membership

1l 0,27 ' 0.28 T e <+ NO
2 © 0.58 , 0.10 Yes
3 ¢ 0.70 -0.09 MNo

4 0.20 0.31 ‘No °
5 o.§§ | o.&a. W\ ',anf,_

6 0. 0.57 Yos

7 0.79 - 0.28 | Yes

gb " . * ¥ _ »

9 1 0.20 - 0.44 T\ 2es
10 0.36 ¢ 0.27 . Yos
11 0.64 0 . No
12 0.68 ‘ 0.70 . Yos
13 . 0.27 0.38 . s
14 0.10 0.19 ’ No
15 0.21 0.90 Yes
le6 0.15 0.87 - Yes
17 0.61 0.28 : ‘Yes '
18 0.21 - . =0.20 "< No
19 0.03 - : No
20 0.33 g 0.67 ® Yes

e,

<

AN=33

bSubsequéntly this item was revised in a major way;
therefore the pre-test data dop not apply.
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nature of most phy51cs tests mlght penalize students of poor
verbal ablllty and endeavored to prepare a. multlple ‘choice
. test ‘with no verbal component. Each item of Podrasky s
\ (1971) test cEm‘w,ed of two transpar;nt slldes,whlch were
prdjected oﬁ two separate screens. On. ohe screen wes a.
plcture or dlagram deplctlng a°s1tuatlon in whlch a prln—
c;ple or phenomenon‘of phys%cs 1s ey;dept. A label naming.
the pridciple or phenomehen appears on the pictﬁre.' On the
second screen. are progected’teur dlfferent images one of
. whlch contalnsga situation in wnlch the principle or phenoﬁ—
eno; is relevant. The. student chooses the one plcture on
the second screen which seems most closely 5elated to the
stimulus picture. For example, one of the stimulus slides
shows a eross—section_of an air foil with flow lines'around
1t and the words "Bernoulli's Principle" below. Shown ih
& four response pictures are a dirigible, an air-cushion
vehlcle, a hydrofoil boat and kite. No words are provided
w1th the response alternatlves The hydrofoil boat 'is the
best response for the/itemw..Podrasky (1971) admlnlstered a'
conventional phy51cs test and a verbal ability measure as -
well as the‘73—1tem.p1ctor1al test to,his’sample of 226
high school physics students. An equation was calculated
for predicting achievement on the pictorial test from scores
.on the regular test. Podrasky then compared actual and
predicted scores end found 'that about .36 percent of those
students achieving better scores than predicted on the

e
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pictorial test scored below the mean on the verbal ability
measure. Podrasky (1971) intefpreted the.results to mean
that about 10 percent of students benef*;;ed by a non-verbal
rather than a° verbal assessment of phy51cs achlevemgnt. ‘
Since Podrasky (1971) did not indicate the extent to which
" the 10 percent of students benefitted, hls résultsmare
difficult to assess. They suggest however .-that in the
present study ? weaker relationskip may exist bé&tween the
DDT ana‘the SCAT—G than that betweeh the LCT or HCT and the
SCATfV. 7 | |

Another approach tolasce taining the abilities associa-
ted ‘with responding to various types of physics test items
has been followed by George (1971) who prepared a physics
test which included subtests varying in verbal and diagram-
"matic content. One subtest was completely verbal. At the
other extreme was a subtest with diagrammatic items although

<
the diagrammatic subtest was not completely non-verbal since

~

many of_the'items contained a sentence or two of direction
orgexpianation. The subjects of the study, senlor hlgh
school students enrolled in a first course in phy51cs, were
administered the Differential Aptltude~Tests in addition to
the physics tests.

‘George (1971) reported that while the 1ntercorrelat10ns
among the physics subtests were all p051t1ve those 1nvolv1ng

the. dlagrammatlc subtests were less positive than the

others. While verbal ablllty was the best predictor of o

‘4
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success in other subtests, mechanlcal reasonlng was the only
51gn1f1cant predictor of success on: the dlagrammatic test.
George s (1971) study lmplles that the ab111ty to do
'dlagrammatlc 1tems is somewhat dlfferent from that required
for verhel items. The dlagrammatlc 1tems of George (1971),
~like those of the DDT, sometlmes'have a. few words.of‘
explanation; howéver, the diégremmaticjitems are multiple»
choice not free response as in the DDT. In splte of the
dlfferlhc repponse format the DDT can be expected to be less
strongly related to the SCAT-V than either the LCT or HCT".

o

Cognitive St¥le Variables . - ‘ .

The c0gniti€3 style variables of the'present study are’
extent of field independence and breedthuof‘categofieation.
éhosen to assess the variables were the HFT (French'et al«
'1963) and the CWS (Pettigrew, 1958). Each of the tests. is
described and related literature rev1ewed in the subsectlons
which follow. . ‘ ‘

The HFT. The HFT is a group test of the“pencllwand—
'paperpvariety designed_ to assess extehtlof field independ-
engg (Jackson et al., 1964). The test is moderately speeded.o
w1th 10 minutes of time permitted for each l6-item half of
the test. At the top of each page of the test booklet 1s-
the same set of flve simple geometrlc figures labelled A -E.
Below each set are a series of complex flgures with the

letters A-E below each one. Each complex flgure represents

an item. Wlthin each complex figure is one of the flve
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siuple fiéures of the same sizejand‘orientatioh aS‘it‘is
‘'given at the. top of the page. -In order to respond to‘thebn
item, the test subject must find uhlch one of the five
'91mple flgures 1s located w1th1n the complex figure found..
One p01nt is allotted for each 1tem in whxch the simple ..
flgure is. correct‘entifled. ‘ 'Ifhus the maximum pos.s:.bl_e‘. .

Vh\\,sc re 1s 32.

N\\ ‘Internal consistency rellabllltles for the HFT,- .
N s

N

.p0531bly spurlously high due to the speeded~nature of the
test, have been. reported as 0 71 (Jackson-et al., 1964). and
0.19 (Boersma, 1968) . Jackson et al (1964) have reported a
Spllt -half reliability of 0 63 for a loiﬁeek 1nterval be-
tween test admlnlstratlons while Fleishman and Dusek (1971)
have presented a test -retest rellablllty of 0. 72 w1th test,“
administrations separated.by a- few hours.

. . The CWs. The ‘test used 1n the present study to assess

o o

breadth of categorization is the Cws. .Follow1pg the prac-
tice of Stelner and Johnson (1964), Mascaro (1968) and Eagly.
(1969), the 10 1tems with the RQighest’ validity of" the orig-
1na1 20 (Pettlgrew[ 1958) constitute§ the CWS. The test is
‘. not speeded, | . ) o
Each item.of the CwSipreSents an averaoe value of some.
varyihg quantityh In part-(a) of the ite@ the subjectuis
asked to select which'one of:four values, eaoh one largér»ﬁg%

than the given average,-ls probably the largest quantlty of -

the property llkély to be found. 1In part (b) the subject is

-
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requlred to select the smallest qﬁantity of the property
11kely to be fbund from amcng four values all smaller than
" the glven gberage value. To 11;gstrate, the fixst. itGM”of
the CWs is presented belcw' h (f |
| It has been estimated that’ the average width of

» wlndows 1s 34 inches. What do you thlnk- . _ ‘

N (a) is the width of the widest window . .Th ST

}. 1363 inches « ) 3. QB 1nches )
2. 341 inches ¢ )‘i_ 4. 81 inches ¢« )

.(b) is theuwidth.Qf'thQ?narrOWest window;;‘.,.
. I:“3 inches . ( .).' -»>3J'llninches-.( )

v'3. 18 inches ( -)”. 4. 1 inch' ( )
In scoring the CWS the sum of the welghted choices 1sl
icalculated éhe we;ghtlngs whlch are not made known to the-c
test subject prov1de for 0 1, g, or 3 for each part of each
item depending on the extent _of the distance of each alter:-
.natlve choice from the average value whlch is stated in
°each item. Values farthest from the mean are weighted most
'heavily. The_Cﬁﬁbcontaahs 10 items, and thus there are 20
parts to the test. The maﬁimum.possible sccre is_ 60 when
the max1mally weighted choice is selected fOr each of the
20 parts.

O0dd-even rellabllltles of 0.86 and 0. 93 have been

ireported for the orlglnal 20-item 5cale (Pettlgrew, 1958).
Eagly (1969) calculated a corrected split-half rellablllty

'of ‘0.80 for the CWS.



.Jects of the present study during the spr1ng term of their

,Abllity Variables

Verbal and numerical ab&@ities were assessed for the

'students part;cipating in the present atudy._ The variablet

were measured by the SCAT-V and’ SCAT—Q tests. The proper-'"

ties of the -tests are deleribod in the following subnoction. :

SCAT-V and —Q As part of a province~wide testing

; _project in Alberta the SCAT was administered to most subn'

grade nlne year, three years prior to the present study.

Form 3A of. the SCAT was administered at that ‘time. The

'Y

(:CAT-V and SCAT- Q are moderately speeded tests of 60 and

0 items respectlvely.« Each test requires 50 mlnutes for.
admlnlstratlon. The ;esponse formats are multxple ch01ce.

Green, wrltlng in Buros (1965), states that the SCAT h

are: academlc aptltude,;esks~wh1ch correlate well w1th gener-.

al 1ntelllgence, and quotes correlations of 0.84 between

WAIS and SCAT, 0.88 'between WAIS-V and SCAT, 0.77 and 0. 81

between the OTIS Qu1ck Scorlng Mental Abillty Test and

SCAT for two~1arge samples of Junlor college subjects in

'support of the'statement.' For ‘the present study the SCAT is

assumed to be Aan adequate measure of verbal ‘and numerlcal

ablllty so that these varlables may be controlled in -

examlnlng relatlonshlps of the other 1ndependent varlables

and the crlterlon varlables.

The sample.for the present study is composed of 12th

grade students who wrote the SCAT,. Level 3, three years’

.'_’a'
‘.

o
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earlier;‘ Tully and usak‘(lsss) have reported test-retelt ,
_reliabilities for %100 Q}gh school . students over a. one-year

' period from 9th to 10tNQGradex the reliabilities ranged from
0,86 for the SCAT-Q to 0 93 for total scores., The test-’
retest reliabxlities cOmpare favorably wlth the internal

consistency reliabilities in the neighborhood of 0.94 (SCAT’

"Technical Manual, 1957) The internal conslstency reliabil-”,

“ities maY'be'su what high because of the moderately speeded
nature of the°§:Sss (Green, 1965) | The tests appear to be
"quite stable over tlme, at least for a one-year interval.
Indlcatlons of the predlctablllty of hlgh school sub-
ject grades are obtalned from studles of Tempero and Ivanoff
(1960) and from Sommerfleld and Tracy (1963). Tempero and |
Ivanoff (1960) reported correlatlons of 0.67 and 0.56 for .

- SCAT-Q w1th algebra achlevement and phy51cs achlevement,d

respectlvely. The numbers of hlgh school students for each

=subject fleld were 70 ‘and 61, and the tlme 1nterval Mas bne

- year between adminlstratlon of SCAT and the determlnation of

) achlevement in the subject fleld. For algebra and phy31cs'

with SCAT-V the correlations were‘0.26 and Q.Sl, respective-
\J . - 2

ly. Sommerfield®and Tracy administered the SCAT, to I52

ninth'grade students and-éorrelated the test perforhance

" with algebra achlevement one year later. The correlatlon of

nalgebra with each of’ SCAT—Q, SCAT-V. and SCAT-Total were .
0.52, 0.42, and 0.53; The results 1nd1cate ‘that fer algebra
and physrcs the SCAT-Q is a better predlctor than the SCAT-

V. _For predlctlng achlevement on ‘the HCT, LCT and DDBT over

117
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a three year period the SCAT teate can be expected to be y
less efficient than over the one Yyear period in the. above
studles,‘anq probably'cannot predict more than 16 percent of
‘the "variance of the HCT, LCT and DDT .

Physigs Achievement Variables

. Although only one test waf administered, three sgh;. -
:scores were derived from it to asnesl performence on the " -
three Avital and Shettleworth (1968) categorlel. H

Avital and Shettleworth define the knowledge category

as eqpiyalent to the knowledge 1e§e1 of ‘the Bloom (1956)
' Taxonomy. Hence, recall or recognltion are the 1dent1fy1ng
featores. The algorlthmlc thinking level (Av1tal and
Shettleeorth, 1968) encompasses the comprehenslon and
application levels of the Taxonomy. Algor1thm1c thlnklng 1s
characterlzed by the use of symbollc process or multistep -
procedures involving elements of novelty. The third cate-
< —— . ’ : :
gory of the Avital and Shettleworth (l968) scheme of objec-
tives is called open search. Open search demands lnsight .
into a neh conceptualication‘of understandinc; As such,
open search is difficult to assess within the: llmltatlons of
a conflned test. Although Av1tal and Shettleworth ﬂ1968,
chap 4) have. plctured open search as encompassing the Tax-~
onomy categories of synthesis and analy51s, the strong
’empha51s on 1n51ght for open searCh rather than on the
Hierarchy of complex1ty of the Bloom (1956) Taxonomy sug-
gests that open search and analy51s-synthe31s are not

.

parallel.. .
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The requirements of open search test items ;re such
that the:likelihood of finding them on a multiple choic;
test administeééd wi;hin'a specified time limit yere reméfe.
Thérefore; the variable 6£ open search physics achievement
.was nét asseséed. I% the;subsectioh which fdl}ows the : A
-constrﬁctién of the Physics Achievement Test'(PSO) is dis-
cussed as well. as ;he pédcedpres jollongnin dpterm}ning
which items of the P30 assessed physics adhievehent at the

knowledge and the algorithmic thinking levels.

The ASK and ASAT subtesés. All students of PhySics 30
in Alberta, inc¢luding the students in the present study, .
were administered thé P30 at the conclusion of the course.
.The ?30 met the conéﬁructionlrequirements of all senior )
'achieuémgntersts prepared'by the Alberta'Depaitmeng of
Educélion (Wood et al.; 1968). The reguirements are as
follows: .
1) Approximately 60 items (The P30 pad‘65)
2) . Items written by gubjéct.teéchefs
3) \ObjectiQe items with'4-choice :espohses; one
to be selected. o o
4) Ifeﬁsﬂrépregehting various levels of Blpom
(19565 Taxoﬁoﬁy ‘: ‘ '
5) Item pretests with at least 100 studeéts of
the targét.population

6) Biserial éorrelations of item and test total

of 0.30 or greater
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7) 1Item reliabilities of 0.15 or gfeaéer .

8) Item revisions §y,subject teacheré./

The students of ‘the present sggdy wrote the P30 of June
1972; The tést'has not been fep:oduced'in the presentistudy
at the request of the Alberta Department of Education. '

Although the items of the P30 were rated as to!Taano-

my level by the item writers, the decision was made to

secure another judgement On item categorization according to

the Avital and Shettleworth scheme. Accordingly, a panel AE
four judges rated the items of the P30 as:. 1) knowledge
level, 2)'comprehensibn or application level, ori3) higher -
levels of the Bldbm_Taxonomy.» The judgeé were two univer-
sity profesgsors of science education and two graduate |
students in science éducation, one of'whom~ﬁa§ the in;ésti—
gator. Boﬁh of the graduate students'haa taught senior high
éhysics courses and oné had taught the Physics 30 cougse.
The: judging proceedéd as follows. Independently eaéh
judge classified each of the 65 items. Then the panel of
jpdées met together to discuss those items for which there

was not unanimous agreement as to categorization. Twenty

."such items were discussed. If unanimity of agreéement was

not achieved by the discussion then. the majority decision
prevailed, If no majority emerged fér an item, the item was
not considered in the analysis. One item was iejected:

The item judging yielded the foilowing Tesults:

knowledge level 8 items

IS
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algorithmic thinking level 48 items .
higher taxonommic levels ' 8 items
not classlfiable _ ' © 1 item.

The. 1nvestzgator also: applied.the criteria .for deter- .
mining item membership in the HCT and LCT. Forty-four of
the P30 items were candidatelafor membershlp in the HCT, 3
for the LCT, and 18 wese 1ntern.éi§.p~bctwccn HCT and LCT.

By level the assessment context ratlngs were distributed as

follows:
knowledge level: 2 HC&,'? 4 .LCT, 2 neither
algorithmic thirking: 37 HCT, 11 LCT, O neither
higher levels: 4 .HCT, ° 3 1LCT, 1 neither
unclassified: 1 HCT ) |

The ASK was an eight-item subtest of the P30, and the -.

ASAT a 48-item subtest of the PBQF For }easoné already

explained no assessmént was made of physics achievement at .

the open search level. - . ‘ |
Dggign :

The details of the sample, of the administration of
‘tests, and of the mathematicai prbcedures applied‘tsbthg
test storés are presented in the subsections which follow..-

he Samgle v | ‘ :

The pOpulathn of students consisted of tenlor high
sche®ol physics students. More Spec1f1ca11y, these were the
students who wrote the June 1972 Alberta Departﬁént of :

Education examination, for the Physics 30 course based upon

-

. ,-V?\

. .
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‘the’ textbeok by Stollberg apd Hill (1968),_ ‘The sample was
_made up of atudont iting the P30 at threo Edmonton high
"schoolc, two schoo& from the EdmOnton Public Syltom lnd one
from -the Edmonton Separate 8yctem ' . .

. In order tgﬂ‘.cure the sample 10 Edmonton high schooll .
were contacted for pocsible participation in the ntudy ) Two_.
of thc achools had atudcﬂ¢- enrolled in &n ahxernetivo “1 N
physlcs course and were thus disqualifxod. Five schoolc did
not wish to partLolpate. The participating schools included ’
an Edmonton Publ;c school located near the centre of the |
c1ty, an' Edmonton Public School iq & new area near the edge

of the c1ty, and an Edmonton Separate school wthh draWs
students from both new and old régions of the city. .The;

make up of the sample is presented in . Table 4.

Physics teachers at the downtown school desxgnated
Public l, 1nd1cated that five students in the sample were
hav1ng d1ff1culty in reading English because of foreign-
language backgrounds; furthermore, eight students 1nc1uding
two of those with Engllsh-language dlfflculties-were
.enrolled in a special'retraining/program for:those'rEturning
to hlgh school after hav1ng w1thd;awn more than a year
prev10usly. Teachers .at the other &wo sample schools noted

’

no such special circumstances: for any of tnelr students.

Test Administration ' \
Since thHe contents of the HCT, the LCT, the DDT and thé

P%&'were based on physics, the testing had to be delayed

&

N
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' Taa;n 4

‘The Sample by School and by Sex
Sex
gchool * M S
l. ‘ .

_Public 1 55 12
Public. 2 39 8
Sepa.rate 28 2

v . Totals 122 22
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until near the and of the school® term when th‘ Phyllcl 30

A
course was nearly completed and yet early onouqh te avoiad

,‘tho declining attondanco of studontl 'which occurs near the
énd of classes. The LCT and HCT in combined !acn wotoAada‘
miniqtorcd first in a- 5S-minute period followed several dayl
lator by the DDT the HFT and the CWS in a -ocond Ss-minutc l
pcridd during the chirdl::?»tou:th weeks Oof May. Thn P30
was administered about thred~weeks later durjng tbe lchoolo
regular examinatlon perlod. ¢ ©

The HCT, .LCT, DDT, HFT and CWS were.adminxsterod by the
1nvest1gator except in the Public 1 school where, bacaulc of
two simultaneous Physics 30 classes, the Phyalcs Department
Head administered the tests to one class of studentsﬂ~ The
‘P30 was administeréd by the classrdom teacﬁéns,

“ In ofder to justify the use of the‘l;o minutes of
student testing tiﬁe the students' anSwer_aheéts wexe scéred
and checked by‘tbe investigator within two school days of

) aadmipistration in each school. The answer sheets were th;h
returned to the students in order to maximize the value of;

-

the HCT,,LCT.and DDT as devices for reviewing the content of

the physics course. Each teacher retaimed a copy of the

HCT, LCT, DDT and an answer key to each. , N

.y

" Mathematical Procedures ;

students reSponded to the HCT and ICT by blankxng out

approprlate space on an IBM General ?ugpgse Score Sheet.

'Responses to the HFT and cws were made on-the answer sheet.

-4 . <
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Each of the tests was hand-scored and to;alled; Then each

student's reSpohses»were entered into a eompute; via a type-
writer tefminel and dgain ECored electronically by compari-
eoﬁ withfan enswer-yector. The procedure adbpted provided a
céeck on the accurecy'of Ehevhgnd scering and the computex
scoring 'Subseqﬁently'the comﬁuter—stored data were trans-
ferred to cards for further analysls. ‘

| The free responses to the DDT were read and scored as:
one or zero for correct or incorrect. After rechecking, tdL
item results were trensferred to computer and again totalled
to check on'reedtding‘errers.d

Qanecores fer the SCAT-V and SCAT-Q were obtained from:

the records of the ?rdbinciel Departmeht of Education, ‘
Xerox copies of'the response.sheete for'the P30 Qere obtain-
ed from the Depaftment of Education for the three schoois
whlch part1c1pated in the study. .

The-DDT HCT, LCT, HFT CWS ‘were analyzed for 1tem

'dlfflculty and 1nterna1 conSLStency rellablllty Inter-

correlatlonS‘were calculated among a;;zmeasures.
De#ailed‘descriptions of tﬁe multiple linear regression’

and canonical correlation calculatlons which were made are --

described in zhe chapterr dealing wlth hypotheseS-and

statistical procedures. BN
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HYPOTHESES AND DATA ANALYSIS PROCEDURES

)
-

In the presentechaoter the'hypotheses of the stedyfare
developed 1n detarl Tollow1ng which: the data-’ analysis pro-
cedures for testing the hypotheses are descrlbed

5 . ‘ : Hygotheses

The criterion varlables of the present study consist of
phy51cs ability as assessed by a verbal, multiple ch01ce
test high in assessment context, a verbal, multlple choice
test low in_assessment context, and a dlagrammatlc test
consisting of dascrepancy detection items. The predictor
variables consist of verbal and quantitative ability,
physics achievément,'extent of field independence, and
breadth of categorlzatlon > A number of multivariable hypo—

theses are presented in order to assess relatlonshlps ‘which

may exist. The order of presentation of the hypotheses is

the same as the order in which they are to be tested

In multivariate studles, Walberg (1971) advocates the

testing first of overall relationships amoné'ghe‘variables_

by a multivariate test; hence the first hydothesis presented.

will ihvolve relationships among both scts of variables.
After the oyerall tests, more specific :clationships far
each of the criterion variables are examined by multiple
regression analysis. Walberg (1971) suggests a particular

order of entry of variables of education studies into
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,multiple regression equations: first, aptitgdé'vaiiébles)

"next,Ains;ructional vériables,‘and finally, variables whose
role is less well established..vSuch an order heipS'po

‘ehsure that effeéts which may be attributed to;new variables
are:significan£~in tnemgelves'and not because of réla;{on—_
ships wiﬁh the.well.establishgd‘§ariablés.' For the presént“
study the verbal and qﬁantitative ability variébles wh}gh
have -a .well established rq}e-in séhooi per formances are
treaﬁed as covariétes'in multiple regre;sion equations.
Hence the hypotheses‘concernihg the othe;.variablés‘besides
vérbalLgnd‘quantitati{e‘abiIify are,p;esented in‘the order
‘of hypotheses reéarding physics achievement followed by
hypoéhesés-concerninévthe"cégnitive styles.

Hypotheses of Overall Relationshiﬁs

Thg‘§§; of all variébLes'has two subsets, the criteria
and the prgéittors“:-A positiue‘felatignship is antiéipafed ‘
amoné the criterion. variables andfsomehbf?the predictors
based upon tﬁe common physics content of the three criterion

variables and the physics achievement predictors. Because

of the well-known relationship whjch exists between school
. . 7

S~
M ~

. achievement and general ability[ﬁéasures_(Catteil and
Butcher, 1967), the verbal and dﬁantitative ability vari-
ables are expected to be positively relatega to the variables

which possess physics content. The following hypotheéis

seems justified:
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A statistically significant first canon1cal correl—
"ation coefficient exists between the criterion

f variables and the 'physics achievement, cognitive style
and verbal and quantltatlve ability variables.

Stated in null form the hypothesxs becomes.‘

1.1 The first. canon1cal correlatlon is zero betweep the.
‘ set of agsessment. context Vvariables and the set of
variables including cognltlve styles, intellectual
_ablllty and physics achievement. : ‘

- In addition t the relationship existing between the

.

two sets of variables because of the common phy51cs ablllty,

“a second llnkage is ant1c1pated because of a cognltlve
styles dimens1on.' The two tests 1ow in assessment context,
the LCT and thezDDT, have 1tem features which seem to
require, for mastery;,capabilities related to f}eld inde-
'pendence<and'breedth of cateqorization. The crocesses of
selecting data subsets from 1tems of the LCT or DDT, ‘of
making or testxng of hypotheses, or of re- examlnlng the

1tems to select alternatlve subsets of data.appear to be

similar *to those requlred in overcomlng an embeddlng (o] t

. "“ e

on the HFT. The process of examining rangeaﬁ?f values .which
4

ccnstitute reasonable estlmates of a quantity as required in
O : i
the CWS resemble  the processes used in estimating responses

suggested by various data subsets in the: LCT and DDT. The

.
*

probable relationships of breadth of cgtego:;zation,'extent

of fieﬂd:independence and'the'tests‘which arezlow 1neassess-
ment context are discussed. in greater detail in the sub- -

sectlon to follow on cognltlve style, but a positive assoc—

iation is predlcted between the LCT and DDT of the set of

criterion variables and the CWS and HFT_of the{set of

128
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predictor variables. 'Thus the following hypothesis seems
warranted: ' '
A statlstlcally 51gn1f1cant canonlcal correlation

is- expected between the criterion and predictor
variables basgi on the effects of cognitive styles.

Stated in nukl‘form-the hypothhsis‘becomosz

1.2 The second canonical correlation is zero between. the
: set of agsessment context variables and the det of

s including cognitive style, 1ntellectua1

and phy51cs achlevement ’

The Crlter on Variabiles
‘ ) R . N M
‘The 1tems ‘of"the’ HCT assess physics content and have

been.construCted in accordance with the usual’standar " for
multlpks ch01ce 1tqps. Although they also assess physxcs
'content, the: items of the LCT and the DDT, however, contaln
addltlonal attrlbutes. The 1tems of the DDT are dlagram—
matic and both the DDT and LCT items possess minimal redund—
ancy of essential’ lnformatlon, geontain lrrelevant phy51cs )
1nformatlon and suggest two or more phy51cs concepts for .

o
their solution. Except for the diagrammatic nature of the

DDTQ the above characterlstlcs are the ones whlch make the
DDT and the LCT low in assessment context Hence there is
-reason to expect that whlle part of the variance of - the
student scores on the three‘criterion variables may be
attributeo to differences in ability in physics some of the
variance in the scores.of the LCT»énd the DDT may be due to
other factors: Theréfore, after the effects of physics
achievement have been removed,ithe partial correlation

coefficients between the HCT and LCT and the HCT and DDT are
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expected to"be eqoal'to;zero;-»Theihypotheaes:are,stated as -
,follows:-» A e ' o = f ;:. f‘e ":
2.1 The part1al correlation coefficient between the
" HCT and the LCT is-zero when the intluence of
physics achievement is eliminatnq _
2.2 The -partial correlation coefficient between the - . = o
"HCT.and 'the DDT is zero when tHe: influence of o .o -
_phyélcs achlevement is. elimlnated

Predictors of Crlterion

The hypotheses developed below show how the. varioue
predlctors can be expected to xnfluence each of the criter-
'1on Varlables.' »

»

The covarlates. The ablllty measures, the SCAT—V and

SCAT Q were admlnlstered to the students in thelr nlnth year
of school, approxxmately three years before the other S
_measures of the study. An 1nd1catlon of the extent to whlch
.ablllty varlables can be expected to be predlctxve of
'achlevement after an. Lnterval ot three years is. suggested by“
avallable ev1dence of predlctabllxty‘over a two-year inter- .
val.,'Three dlfferent schools have reported (SCAT Technlcal
supplement, 1962) correlaéaons of sclenCe achlevement of'
college preparatory students at the- end of thelr lOth year

of_ school with the sum of SCAT-V and--Q scores as determlned
near the beglnning.of_their ninth year. For the~three-.J
samples of 78, -35.and 25 students the correlation coeffic-
ients were 0.77, 0.38 and 0.24 respectively.".Undoubtedly S
the oorrelatlohs-would og;lgwer after the three:year. '

interval,.hut probably still appreciable.
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The presence of the ability variables as covariates
permits a’ more meaningful interpretationaof the distinctive
}contributions of the other predictors in accounting for |

criterion variance beyond that predicted by the ability

“»variables.

_Physicsuachievement.k The three assessment_oontext
teste, the.HéT, the LCT and the DDT have been deéignednin’i
order tO'investigete the extent to which school,subject
%ests'in phfﬁics,may~pe essessing.cognitlve’styles in addi-
tion to‘eehieVement?"Hypotheses,presented below suggegt how
‘physics achievement on'two subtests of the.Physics 30 Exam-
ination (P30) may influence performance on the three assess-
ment context tests. ’

r'The two subtests of the P30 are made up_of'the Avital;.
Shgttleworth'Knowledgeu(ASK) itens and tﬁe Avital-Shettle-
Wwortn eigorithmic Thinking (AS@T) items;t The items of the
Aéx require recali or‘exect repetition of the content of the

~

phy51cs course studied by the students. The ASA? items
‘require students-to generedise their knowiedge of ph?siCS'by
interpreting or applying it in sitnations‘not enoountered
,during the learning. process.

‘As descrlbed above, scores on the SCAT%V and SCAT- Q are
“entered girst in multiple regreSSion equations to predict .
each of‘the essessment context testL scores. Entered'second
are scores of the ASK. The common physics’content of tne |

assessment context tests and the ASK items suggests that the

.
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prediction of,sbores on the HCT, LCT and DDT are expected in
. 'each case to be sighificantly improved by the ASK scores
; e, ‘ ,

‘among the predictor variables. Stated in null form, the

three hypotheses are:
3.1 There is no significant increase inzthg squared
g multiple correlation:coefficient (R°) between the
- HCT and the ability variables when the ASK scores
‘are added tp<?he set of predictors.
3.2 There is no significant ‘increase in.the squared
- ~multiple correlation coefficient (R ) "between the
‘LCT and the ability variables when the ASK scores
are added to-the set of predictors. :
3.3 There is na significant increase in the squared .
multiple correlation-coefficient (R°) between the .

‘PDT and the ability variables when the ASK scores
are added to the set of predictors,

To be entered hext inmn the mulﬁiple rqgressioh équations
are-scoresién,ﬁhe'ASATyitems, Aécérding to Avital and
-Shettieworth (1968)'algorithmic\thinking réquires symboliz-
ation of infofmationjprgsented in verbal or diagrammétic
forﬁi ménipulation of'the'symbols according to a rulé And
possibly the formulation of multistep procedures for solving
the problem. Although the items of the LCT, HCT and DDT
have not'béen &bnstructed or élassified as knowledge or
aléor?ﬁhmic thinking in the level of ability requireé for
solvinq them,- algqrithmic'thinking as défined by Avital and
Shettleworth is likely to be réquired for some-of them;' The
iteqé of.phe‘DDT are different from other test items the

~student has met and reqdire him to reformulate his percep-

tions in ways probably unlike those practiced in convention-
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al'phys;cg"in%truction. ' Some 6% the verbal items of thg~LcT
and !le‘ﬁCT require multistep procedures while others
reqﬁir% stﬁ@ents'to apply knowleéée in situagions de@énding,
~mofe'tﬁap recali or recognition. Hénce the hypothesis is
made thatighe additibﬁlof ASAT-scqres to the multipie re-
dression equations yield further significant increases in
the_brediciabiiity.é? achievement on the assessment context
tests. 1In null form the three additional hypotheses are:.

3.4 There is no significant increase in the R? between
the HCT and the ability variables plus physics
achievement at the knowledge level when physics
achievement at the algorithmic thinking level is
added to the set of predictor variables. o

3.5 There is no significant increase in the R2 between
the LCT and the ability variables plus physics
achievement at the knowledge level when physics
achievement at the algorithmic. thinking level is
added to the set of predictor variables. .

.-3.6 There is .no significant increase in the R2 between
.the DDT and the ability variables plus physics
achievement at the knowledge level when physics
achievement at the algorithmic thinking level is
added to the set of predictors.

Breadth of éategbrizatiqu In a study which seems rel- .
evant “for comparing predicted %e;formancé;on the HCT and LCT
‘Messick and Kogan (1965) construéted three quantitative
aptitude tests with matheﬁg;ical content. One of the tests
had wide numeriéal'spacings)among the response alternatives,
ahother had nar;owly spacéd respbnée alternatives, while'th§
third was free—tesponﬁé in its format. in two eka@ples

presented in the report the item with wide spacings had a

ratio of iaféest to smallest alternative of about 5, while
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the similar ratio:for the narrowly spacedlitem was 1.4. Un

fort ately-Mésaiék and Kogan did no£ étate'thé criterion *
which was.uséd forvdistinguiahing between items. Th; three
tests wefe administered to 40 uﬁde:graduate'male; along with
the Pettigrew (1958) Category Width Scale (CWS). High
scores on the CWS indicate a wide breadth df&cagegorizatiqq.
o Besides large ?ositive correlations, r >.56, among the -
thr;e quantitative ability tests, thére was one statist;cal-

ly significant correlation, r = .57, involving the CWS and
. X ' .

an ability test. This positive correlation of 0.36 occurred’

with the test having widely spaced élternatives and the
_‘items‘of the CWS with heavy loadings on a factor derived

« / .
from a centroid analysis of the CWS as performed by Petti~

grew (1958). Messick and Kogan suggesfed that the‘brpad
éategori;er may aéply an "approximatiﬁn" strateqy for

‘ reasoning toward the correct response from among the widél§
spacedualternétives. The broad categorizer can then check
his choice by calculation while the narrow categorizer must
rély exclusively‘uponﬂcalculaﬁion for arriving at his
response. The broad categorizer may lose the advantage of
the chec¢king procedure when he must discriminéte among
alternat's by careful comletation on tests with narrowly
spaced?alterhatives}' k
| The items of the;LCT bear a resemblance to the-widely
spaced items and those of the HCT to the harrowly spaced

alternatives of the Messick and Kogan (1965) measures. The

LCT items'always have more than one concept or principle
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"among the answers whereas the HCT SN s do_ndt. ‘Fpr'example

with a given LCT item the eghdent"f; be asked‘to choose -
from among quantltles of energy, momehtum work, velocxty,
‘ or acceleratlon, whereas with a given HCT item he may be
ipresented with five dlffexent amounts of kinetic energy from
which to choose. The LCT and HQT'items do not differ in a
_éystematic way in the sizes of the number rangee previded in
responses. Because of thevsimilaritiesuof the items.of the
LCT and the HQT-respectively to the widely. spaced and .
narrowly spaced items of the study of MeSSle and Kogan
(1965), and because six of the 10 items on the CWS employed
in.the gresent‘stugy are the same items with heavy 1oedie§s
on the factor Meseickl& kogan found positively related to
performences on the test with wide spacings, a positiwve -
relationship is antici‘pated for the CWS and the LCT. But
might the piedicted positive relatiqnship of the CWS and the
‘LCT exist because a positive association‘between physics
aehievehent and breadth of categdrizetioﬂ and- not because
of the widely spaced'response alternatives of tﬁe LCT? The
study of Field and Cropley (1970) suggeste a negative |
answer. ' _ “
Field and CLOpley administe;ed Pettigrew's (1958)

ACétaqory.width Scale aﬁd the General SciencévTest prepared
by the Australian Councii for Educational Research to a

sample of 178 high school seniors in two rural high schools.

The ratio of males to females in the sample was ‘about 7:5.
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Correlations.between'breadth of catogorizétion and sciogddii}
achievemont were not statistically significant with r- -0,01 '
for males and r= 0 06 for femadles. . The fact that the
suqucts of the present investigation are h;gh Ichool

[ B
seniors and predominantly male means. that they atc limila;.

°

‘to the sample of Field and CrOpley. While the content’ of

the HCT, LCT, and DDT is thIlcS and not general science the

" results of the study by Field and Cropley are probably

applicable. Thus no as;ociation of breadth 'of categoriza-
tion and assessﬁent conﬁéxt is anticipated based upon an.
aésocid&ion'of breadth of categori??tion'and phyniga
achievement. The‘anticipated posié&ve cof;élationvof the
LCT and the CWS may be due £a the nature of the LCT items
and not the physics content of the LCT.

- The afgdhents presented above in favor of a positive
association between performance on the LCT items and Eiehdth N
of categorization do not seem Fqually valid wéth respect Fo.
the items of ' the DDT or hhe HCT. The DDT items are free
fesponsé, and Messick and KOgan (1965) did not find a T
51gn1f1cant assoc1atlon of the CWS and free reSponse items
on ‘guantitative tests. The HCT items, although multlple
choice in format, 'do not have the dlver51ty,of physxcs
concepts among the response alternatives which the LCT items
have. The lack of divefsity of' physics concepts among the

.

response alternatives suggests that few solution hypotheses

are likely to be raised in the student's mind. Therefore
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the approﬁima;iﬁn procedure'po;tulatcd by.Mes-ickaand Kogan
(1965) for deciding upon the best response may not have a
_chance to operate. - \ o
. In summary then, br,adth‘of ca;egoiization‘il hypothesg-
izéd as being positively related to par;ormanc- bn:;ho ICT
but unrelated to pérformgnce on the'ﬁCT'hnd'DDT. Slncé‘v
bfeadth of categorigationﬁkéems to be independent'of Qerbal
and quantitative ability ;nd-éf physics achigyement,‘breadth
of categorization is expected to contribﬁté siqnifiéantly to
“the prediction of performance on the LCT beyond what‘iS':‘
possible from verbal and guantitative ébility and from
physics achievement. | _
The hY?otheses are restated below ih nﬁl; .form:'~
4.1 There is no sign;ficént increase in the 2 between
: the HCT and the ability measures plus phy&ics N

achievement when scores on the CWS are added
set of predictors.

4.2 There is no significant increase in the szbetwe n
the LCT and the ability measures plus physics .
achievement when scores on the CWS‘aresadded‘to

the set of predictors.

4.3 There is no significant increase in t R? between
the DDT and the ability measures plus{ physics
‘achievement when scores on the CWS. are\ﬁddgqgto
the set of predictors. _ T

[ N

Field independence. Witkin, Lewis, Hertzman, Machover,

Meissner and Wapner (1959) and Witkin, Dyk, Faterson, Good-
enough, and Karp (1962) have claimed that field independence
involves the ab_ility to overcome an embedding cqntei In

contrast to field depéndent people, field independen
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.pefabnl ar; bottor ‘able accurately to maintain a vbrtical
orientation of tho body even though thc(wilual fiold would
" tend to destroy thi. ori‘ntation, to. ro-aliqn accuratcly a
lighted rod vertically within a ‘tghtod lquaro frahe even
though no othor ourrcun&ing ‘visual cues aro availablo und_ 0
the frame and rod are rotated to diftdrent anglel, and td
locate: a simple geometric pattern’within a complex artay
(Witkin et al. 195{) P .
| The 1tems of théWDDn requjre the student to attend to .
various parts of the dlagrams "In order to make;and check

on hypotheses about thé diagramé~ﬁe'must examine'the orient-

ation of various parts, distances,- relative posxtlons and

relative sizes and shapes Gf parts. 'efore‘ becaupe of
similarity with avércdmiﬁg embeddéd
should bé predictable to a degree fr " res on the HFT by
which f;eld 1ndependence is assessed in the present study;

© Witkin et al. (1962, p. 80) clalm that fleld mdepend—
ence is prlmarliQ a perceptual trait, and that 1€ is not re-=
lated to verbal ablllEleS (1962' ©. 203). In arriving at
this position regardlng verbal abilities Wltkln et al,

(1962) relled upon the flndlngsoof Podellrand Phlllips“
(1959). Podell and PhLIllpS requlred their subjects to re-

o
arrange letters iR both meanlngful and nongense words in' -

order to form new words and they found-lxttle ev1dence that
field independence was related to Ability to form new words

from either actual words, an ability.thdught“to place a
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cb;sidérable’reqﬁiremenﬁ én‘the.évercoming‘of embeddedneés,
or ndn;ehsevwordﬁ;u HEWever; other studies employihé verbai
ability meaéurés such as tﬁe SCAT—V (Spétts_gnd Mackler;
1967), the WAIS vocabularfvscdle (Wachtel 1968) and.the
+ SAT-V (Highley, 1970). have‘?ésnd Q}gnlflcant p051tlve rela-

tlonships between field 1ﬁgépendence and verbal. ablllty

. The verbal ablllty measures emphasxze word meanlng, compre-

thSlOﬂ and usage rather than the narrower recognltlon
ab111t1e$ reqULred by ‘Podell and Phillips (1959). Podgll
énd Phillips "(1959, p. 451) stéte specifically at one point
that their tests do not require Ehe level ofAmeaningful
érqanization which characterizes senténces.. There are
grounds, then, to speculate upon a pbsitive relatiénship-of
,}ield 1ndependence and verbaldbblllty in some testing for-
mats.‘ Wachtel {1972) has’ squested that studles involving
'field 1nd >pendence should centrol for intellectual ab111ty,>
of which verbal ablllty is an 1mportant part, in order that
the 1mpact of fleld 1ndependence dlStlnCt from verbal abll—
"ity may be fairly assegsed. The present stgdy follows
>Wachtel's recommendation in treaﬁinq Verbal and numerical‘
ability as covariates of figld indépendence'in relation to
performanéb on the various assessment contekt tests. o
kvidence of a.chnectioﬁ between field independence and
method of instruction in schaqol has been provided in a study
by Grieve and bavis (1971) The content of- the instruction

-

was the geography of Japan and the pupils were ninth grade -

*
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: boys and girls.' Essentiall)y the same lesson materials were
used in an'expository présentation and in a discovery method.

over, %l hours of 1nstruct10n. The HFT was administered to

pupllS who were lelded lnto field dependent and fleld 1nde-

pendent groups according to whetheg they were above~or below -

the test median. Pupils were ;ahdomly assigned to classes

in a 2 x 2 methods by cogniti&e styles-design. 1In an anal-

ysis of scores on a knowledge level achievement test admin-

istered at the conclusion of the instruction there were‘no

main effects or interactions. But when scores were re-
A

analyzed only for the 25 percent of puplls who were at the
&

extremes in their HFT scores, there was a'51gn1f1cant
(p < 05) method by cognltlve style interaction effect for
males and a main effect (p « .05) of cognltlve styles for

females. The more field ihdependent males per formed better

A

under the dlscovery method and the more fleld 1ndependent

W"‘females scored hlgher than the less field lndependent

1

females.
In the pregeh& study, rather'than selecting students

who are at théjektremés\ggwexteht of field independence, the

‘assessmenp¢context testé havevbeen-constrUCted'in such a way

that only hlgh context and%low context 1tems are used and

“,

Sy ltems of mlddle values of assessment’context are omitted.
As described in Chapter 3 there are several.characteristiCSv
upon whichh assessment context depends. Low and high context

" items have been defined in such a way that they must differ

£
. - . o —
¥ /
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simultaneously on the selected distinguishing characteris-

v

L4

tics.
A second test administered to pupils by Grieve and

Davis (1971) was a-test designed to assess ability to use

<

.geographic materials similar to those in the instruction.

'.When these scoresfwere‘analYZed'there was a significant main

effect- of cognitive style for all males (Q < 05) and for
all females p < .01). -Field ‘independent. puplls had higher
achievement in both'eamples, There was also a slgnlflcant
cognitite style hy methed effect (2 < Oi) for males.

| Whlle Grieve and Davis (1971) study showed that

extent of field 1ndependence is related to performance in a

school sSituation: xt d1d not attempt to show whether or not

the more domlnant effect of field 1ndependence on the second
> ’ «
test as compared Wlth the flrst one was due to differing

'amounts-of"achievement'kn these twc areas ot'whether differ-

—

ences in the nature of the test items accentuated 'the

cognitive style factor. 1In the'presentnSthY pupils will

have had the same type‘of'instruction and they'will.Bp &

assessed on three context tests designed to "pick up" on
) - -
certain cognitive style strengths. | DR A 7

.

Becauée‘of‘its nature t%e LCT'possesses characteristics

-

which should provide the morg flEld lndependent subjects
w1th an advantage ovet t tless t;eld lndependent subjects.

Since the stMS of tharL¢$ 1tems contaln 1nformatron which

\
.

could sugqast the Qppllcablllty of two or more physics

141
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.ptinéiples or tesponse'altetnatives,‘the student presunahly

‘has to cb back to the item_stem anc‘secere data which will
enable.him to select. the best response alternative. &he"
process of examlnlng each of the response alternatlves and

then 901ng back . te the item stemland selecting data to

.dec1de whether or: not the alternatlve ‘is the justlfiable one«._
should requlre the- overcomlng of the embedding ‘context of

the item stem a number of ttnap.' ,fore extent of freld

1ndependence is expected to 1Mp' ,predlctlon of LCT -

1.’1‘ ,l,&
scores beyond what is. p0591ble from verbal and numerlcal

ability and physics achievement.

°

The HCT ftems,qin contrast to the LCT items, present

only 1nformatlon needed to solve the item and that 1nforma—

-tlonttex-lven in a way which dlrects the student to the

use of the relevant physics- concept.. 'The continu4

‘o;efcomxng an embedding cpntext ln_accesslng the needed
information may not occur. Thus for answering items of the
HCT.thefe shouid}he no advantage to the mote field independ-
ent students. - \ ,

The 1tems of the DDT are rated low in- assessment con-

&

-

. text and as such appear to prov1de the more field independ—

_ent student with an advantage in respondlng to them as do

the:- items of the LCT. The ‘student responding to the HFT of
field independence_examines complex diagrams for the . .-\i

~
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presence of one of several eimple figutesyotsﬁ student

c’xamines the diagrams of the DDT in the seardh for discrep-
'ancies between what is pOrtrayed in the figures ‘and what .he

would ‘expect to see based upon hls.knowledge of physics. .

1

Shapes, relative sizes and spacing of the figures nay.o; may

not be relevant in forminéfor recslling"an expectation for
what is presénted. The examination of the fjigures, the
forming of expected ideas bas upon knowiedgerﬁ bhysios

and the testing of. expectatione eaiinst given figures seems'
Y

.to ~require in part the. overcomlng of the embeddedness of

what is shown. Therefore extent .of fleld lndependenge is .
: antxc;pated ‘to aid signlflcantly in the predlctzon of
performance on the DDT. Furthermoxe,.extent of field,inde-
pendence is'expected to improve signifjcantly- the prediotibn-

of DDT performanoe when added to veerI and numerichl
> s ,

ablllty varlables and to physics. aqhievement. \

The hypotheses on the predlct;pn of scores on the th;ee

assessment context tests from the scores of the HFT‘@%: as— _
- e
sessing extent of fleld independence are summarized below in

null form: . , ) - A\\<.'
5.1 There is. no significant ‘increase in the R2 hetweenl NS

©  the HCT and the ability plus physics achievement \
vardiables when the field independence variable is ‘

added toﬂthe set of predictor variables.

5.2 .There 1s rno SLgnlflcant increase in the R2 between
the LCT and the ability plus physics achievement -
varjiables when the field. independence variable is -
added to the set of predictor variables.

.5.3 There.is no significant increase in. the »2 between .
the DDT and the ability plus physics achievement
variables when the field indeépendence variable is
added to the set of predictor variables.
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Level of S;gnificance

»

~“The level of significance accepted for statistical

tests of hypotheses of the present studyois 0 05. This = ..

means that null hypotheses are to be. rejacted only if. the

probablllty of the observed magnitudes arasing by Chance are

flve percent or less. , e . VTR

Data Analysis Procedures .

whlch two cognltlve styles and phy51Cs achlevement are
related to performance on three tests whlch vary in asseas—'

ment.context.' The three context tests, .the crlterlon tests,

!
purport to measure ablllty in physics by means of three
A

different klnds of test ltems.- The predlctors are scores

from 4?3 subtests of physics. achlevement, the ASK and the
t

ASAT subtests, two cognltlve style tests, the CWS and the

'

HFT. Verbal and quantltatlve ablllty scores, from the SCAT—-

V and SCAT Q a;e treated Aas covarxates._ The present study

.

1s not experlmental in the sense that there are treatment

and controk groups., but lS correlatlonal. Certain relation—’

®

Shlps which exist in theory are .to be tested After prellm-'

1nary exploration of the relatlonlhlps ‘among the three

crlterlon varlables through partlal correlatlons, the

-

prlnClpal objectlve ~of the calculatlons w1ll be - est1matlon

-of the covarlances among the ¢riterion and predictor sets,

[ 4

and the predthéblllty of 1nd1v1dua1 crxterlon test perform-

®

‘ance from seven 1ndependent variables. All measurements

v

_Hypotheses have beén constructed about the extent to o

Cow e
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have been made on a sample of Alberta high school students
enrolled in the Physics ‘30 course, based upon the Stollberg
‘and Hill textbook during the spring of 1972 o b
Canonical correlation,is an appropriate procedure to

use when a single population is involved and where there are
two’ sets of variables, a criterion set and a predictor set
(Cooley~and Lohnes, 1971) The use of canonical correla-'

g tions is to-be preferred to reliance upon simple Pearson '

’:correlations when several variables are involved. A series

" of univariate statistlcal tests 'is unsatisfactory in a 'sit-
uation where all the variables have been Obtained from the
same sample because. the tests are not 1ndependent but are
correlated in some.unknown manner (Bockeand Haggard, 1967).
Therefore_a multivariate test is desirable which takes into
account‘the'correlations amonc the variables and which has T

' sampling distrih;tions permittihg the calculation.of probab-

filities. A 31gn1ficance test, developed by Bartlett (1947),

¢ is availdble for canonical correlations.

Following canonical analysis, Specified independent

variables are entered into multlple linear regression
equations for predicting each of the criterlon variables.

-

' Canonical Correlation

. : 9
Hotelling's (1936) theory of canonical correlation is
presented in a comprehensive manner by Anderson (1958) .
Tatsuoka and" Tiedeman (1963) have noted that canonical’

corgelation was not widely used prior to L‘ probably-
..» - .

;‘
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because of heavy computaé.pnalvr rements. ST ce 1963
however programs for the a ulation have'become available

in most data processing centres.

A canonical correlation, or canonical correlation coef- .

ficient, is the cqrrelation between the set of weighted pre-
dictors and the set of weighted criteria. %he two ‘sets of
weights are calculated so a8 to maximize the correlation -
- between them. Suppose-z represents a vector of normalized

scores . of criterion variables obtained on sub)ect (i), and

L z_, a vector of normalized scores of pred}ctor variables for

joR

the same sub}ect -A'set of weights al and b1 are calculated.-

and applied to the original variables thereby producing a

component criterion score and predictor score for each

'1ndiv1dual, ‘The components are:

- _ = =
X; = a2y and y, = b, zpi .

" The two sets of weights are . calculated Yol that the correla-

tlon between the components is maxunlzed that is

KA
i <

. 1N ' . '
rclsﬁixiyi
1= max

Then réi is the first canonical’correlation between the
components. If the weights 51 and’bl are also calculated
such that theAmeansv(M) of the weighted variables egual
zero, that is ..

M =M =0,

x b4 .
and such*that.the components have variances (v2) equal to

146
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unity, that is

v ave =1,
X Y

"then the components may be called factors. ‘In this case the

‘gets of weights, a-and b, are known as factor coefficients
and x and y as canonical factors. . oot

: ' »
Ag an aid to interpreting the canonical correlation the

factor structure (8) is calculated for the criterion set and

for the predictor set. The®factor structure is the vector

“of correlations of the original variables and canonical

factors, ;hat is

0l
"

= 1
cl N

\ . - .

[
Zi—

" .
Zp
[ [ i
MMMy
‘NI .
, 0
PR 2N
)
NS
Nd
(o]
[N

L]
w

a
CccC 1

-where R, is the matrix of correlations among the criterion

[y

variables. In a similar way

=R__ b .
, . pl pp 1 A
Another canonical correlation (rcz) may be obtained in

ol

the same manner as above but with the additional restriction
thét the second set of canonical factors must be‘ortﬁogonal
to the first seﬁ. The num;er'of canonical correlation
éo.fficients which may be derived is&equal to the smaller of
‘the ranks of the'pfedictor and the criterion correlation

matrices. Usually this number is the number of variables in

147



" the qmaller.éet.
Anderéon (1952) has shown that-the actual

proceed with the sdlving of the egquation
-1 -1 2 -
LY - ., =
4 (RccchRppoc ) rclI)al 9

under the restriction that

—’ . - .‘
3R =1
1 (g1 a,) .

Subseque“tly' _bl = I—iclt' PP pcal

calcplations,

-_Intergretatibn,‘ Already noted above is the usefulness

of calculating thHe correlations between the variables and °

.the canonical factors for each of the criterion and predic-

tor sets. Such calculations show the relative

.

associations

"of each vériable and each of the possible canonical vari-

.

ates. ) . .

Bartlett (1947) has developed a procedure for testing

‘

the significance o

f canonical correlations. For testing

departure from a multivariate hypothesis, -he has shown that

a statistic due to Wilks (1932);

may be approximated with (nc)(np) degrees of freedom, where

L 2 v

(nc) and (np) are the number of variables in the criterion

set and predictor set, respectively. Now,

, | .
)(\ .= - [N-1 =~ .5(nc+np+l)} 109e ;/A\_

148
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may be used for the significance, wheré_N is the number of
subjects in the uample. '
If the null hypothesis for the first canonical correla-

tion is rejected, the second may be tested.by

: min(n ,n y
-/\— r—l'(l-ri)and

is. 2 i « /

?( 2 .~ (n- 1_ 5 (n g, + 1)] log _/A\_

this .time with (nc-l)(np-l)Adegrees of freedom. Similarly

third and further correlations may be ﬁested.
Stewart and Love (1968) and Miller (19693 have prévided
.anotherﬁmeans for iﬁterpreginé canonical correlqéions, that
of redundapcy analysis. The redundancy index,.caiculated
separately for each'canonical correl;tién, indicétes tﬁe
fraction oﬁ'the total variance of one .set of vgriables which
is predictable frbm.the canonical variate of the éther set.
That ig, the redundéncy index for th; criterion set of -
variables is the fraction éf the total variance of the
. criterion variaples which is predictea(fiom the predictor
variables; éimilarly, the redundancy index of ‘the bredictor
set of~variables is the fradtiop of the total variance of
the predictor variables which is predicted f:qﬁ the criter-
ien variables. | | .
The redundancy index for a set of_variables.is calcul-
ated as the producé of the rafio of the éum of the common

variances of the variables and the variate to the total
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.

variance of the variables and the squardﬁ canonical correla-
“tion coofficient between the two sets of variable.. Thc ,
numeraAtor of the ratio‘;eferred to above is equal to the sum

of the equares of the correlations between the variablel and SO
the canonical factor for the" set while the denominator is |
equal to the number of. variables in the,set since each one

is assumed to be standardized with unit variahce; The

squared canonical correlation coeftxczont reprosonts the
varlance of ithe crlterion and predlctor variate which ia

common oOr, alternatively, whicg is predictable ‘in -one set of
vari;bles from knowledge of the other sét.

Suppgse that the first qanonical correlation between a

« 7

criterion set of four vafiables and a predictof set of six
variables is‘0;90. Furthermore supposé that the sum o} the
squaggd coftrelatien coefficiqnéﬁ between the variables af
"the critérion set and the first criterion variate is 3. Z}and
that the sym of the squaged correlatlon coefflcients between
_the varléﬁles of the predictor set and the first predlctor
van;a:efis 3.0. Now the ratio of the sum of the variances:

.of the criterion variables and the first criterion variate

S

to the total variance of the criterion variables is (3.2 s

4.0). The redundancy index value for the criterion set
‘given the predictor set is’

3.2 x (. 90) = 0.65 :
{.0 - - ‘
and the value of the redundancy index for the predictor set

P *
18
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%_:% x (..90)2 - Q.41
The value of the rodundcncy*index for.tho'critorion
variables suggests that the variance of the; critorton lot
has been predicted rea-onably wnll by the Other set of ‘?.
‘varipbles; on the other hand, ;hc much smallor valuo ot ﬁﬁo
* redundancy index for the predictor leé indicafo- that the
predictors are rather inefficient 4in the seﬂue that~’
relatxvely lnall fruction of pradictor variunco was iftnc*
tlve along Cho first variat&
In the general calcqlation.of the reduhdancy.ihdcx for
the criterion set, fhe.variancé of the criterion variables
and the first criigriOn Qafiate,is theﬁsgm of squ;res of the

factbr structure coefficients, s, + that is

- —

slc slc

The ratio of the vérignce of the criterion variables and the
first canonical variate to the total variaage of the

c{iterion set is:
3/ & : -
le "lc 5 C AN :
n T, T
SR Ty

. . - A
where n, is the number of criterion variable. The rég
v

~ dancy Yndex (gd)“fdr the criterion set on the first LN ol
’ : ' . 1 X
is _ Mo,
. L2 ,
Facl T B1c S1c Tel )
n -
c

Slmllarly, the redundancy of the predlctor get on the fl

variate is : » : ?;'F‘
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o The concept of the redundqpcy indexﬂmay be . exthnéed to,

'rha totnl redundancy ‘of the critqgion aot for all variatol .

e
Yap © S ks T- S réiz'
-l . te " p- nc‘ wo ' : . .
SR - ) 6 =L _ ‘ , ‘ "
and. for the predictor. set for all variates S
L mE%(n n_) ¥
fao ™ I? pli.\_ 2°7
AP °,§ ke Ted ’ ©
' B O TR S » s
L ] Q - . - <y

Multzple Regression Analylis

.~

B Multlple line&r regre.‘}on analynil is simiiar to
canpnlcal analysls except that there is .-but on; oriterlon

varlable instead of a set of several, ~Therefore, the

3

equation ®o be solved for cenon;cal correlatipnh oo

| Ll- _1.
R s .- =
| [ncc ch o RPC r I]a 0 E
_?xs consxderably s.unpllfied in the multiple ﬁflnear rgﬁession .
éxsxtg&inn, since with only one. criterion R and R 1wm':e
S 2. : - _ o
. “Eit?i rlp , a= l and the equatlon is no longer a

Hmatrix equatlon As shown by_Cooley and Lohnes 11971) the

vector of welghts‘of the predictors, b, whxch mlnlm;zes the

predxctlon error in the ‘least legst squares sense is
. - -] - -
. b = R r ' : .
- T PP . lp (" o
»and thewsquared‘muitiple correlation cbefficient, R?, is.
2 ;/— ’ D
R’ érb rpl

“ min(n_,n_) , - S I
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From the above equations it can be seen that if the pre-

dictors a;e perfedtly non~-correlated, the matrlx Rp and its

inverse Rp;l equal the identity matrlx; the b and R2 would

depend’ exclu51vely upon ‘'the lntercorrelatlons of the criter-

ion and the varlous predictors,,that is upon rl ; .Further-
S :

more, the dropping of one predictor makes no difference to

“ the remaining weights in b, but.the size of Rz,will change.

a

. If the predictors are oositively correlated as some in
the préséht study probably will be, Darlington (1968) has
described how an error of overestimation in one weight will "’

we oompensated Qo; by an underestimation of the other

‘weight. The error in overestimation in one weight for the

" population could occur because of lack of randomization of

the sample. Daflington (1968) has.stated that the larger R,

the qreater is this compensatory effect. Thus it is not

‘uncommon with hlghly correlated predlctors to fznd that two

qregress1on equatlons from two. dlfferent samples of the same

populatlon may have wldely dlffereqt welghts but about

=

equally qood pred;otlon. ‘The 1mpllcatlon ‘of this principle

is that with highly intercorrelated predictors, interpreta-

tion in terms of Rz‘is-more reliableéthan in terms of b.
The statistical significance of R2 may be evaluated by

means of an F-test. McNemar (1969) has demonstrated that

_with m predictor variables and N Sub)uots the test is

R2/m

T - RO7N = m - 1)

.y
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"where there arg m degrees of freedom for the numerator an

(N - m —,1);for the denominator.

Multlple linear regxession hypotheses of the present

study are stated in terms 'of the improvement 1n'
which results when specxfi!!.predlctors are add
,already inc¥uded in the regression equatlon. If the

variance of the criterion accounted for by m prédictors ié

Rmz,‘and the variance accounted for when an additional n

predictors are added is R;+n , the improvement in prediction
may be tested by,
' o2 2
(R.n+m - R )/n

F =

(1 -RZ, V/(N=m=-n - 1)

where there are n degrées of freedom for the numerator and
(N -m -n - 1) for the denominator.

| Cohen (1965 1968) has shown that regression analysis
is robust w1th respect to violations of assumptlons of
normality and homogepelty of variance of the dependent
variable for ény given ctmbindtion~of predictors.

When making hypdtheses whicﬁ are to be‘teéted by
multiple 1ineér regression, Cohen (1968) has pointed out_
that covariates should enter the equation first, followed by
the variables likely to bebof most relevance. Then_a
second 'set of varlables should enter con81sting of lower
order interactions and possxbly some quadratios with the .
stipulation that these variables are to be viewed less as

hypotheses and ﬁore.as‘ekploratory_isques.';Walberg'(197l)

IO P2 P




155
) . ) . . ‘..' "
has speculated that in education studies aptitudes sghould be

entered before instructional and environmental vﬁkiableg.

In the present study verbal and numerical abilitieéfpdores
- ' RS A

are covariates and hence are entered first in the prediction

equation. Placed next is éeﬁieyement in physics, an instruc-
tional variable. The reasons why the dogniéive style vari-

ables have been entered after physics achievement have}been

.elucidated earlier in thié-chapter. Explorato:y variables

with interactions and quadratic terms will ‘be entergd last.
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- | | CHAPTER 5 * | .

‘RESULTS AND DISCUSSION

The chapter presents the results aqf the study and a
discussion of their meaning beginning with an exposition of
. the properties of the various tests which were administered
Included is an outline of the procedures used 1n deaLing
with missing data and a discussion of the Matrix of inter-
correlations among the measures, Presented next are the-: _;~,_
results\of tests of- the various hypotheses. “The-multivar-
iate hypotheses are tested first followed by hypotheses of
'illatlonships among the criterion variables/and finally of
hypotheses concernlng the prediction of ea;h‘;} the cr1ter~ .
ion variables in turn, i . . -

%ll major ealculationsfhaye been,peffermedAwithlthe'aid
of combuter prdgrama'available threugh the Division of Rduc-

ational Research SerVices, ‘The. University of Alberta.

Teégt, Results . o < *

This section beglns w1th the results’ of the rating of

items according tQ the levels of the Avital and Shettleworth
(1968) categorlesA The extent of misslng data is presented
next, followed by test results and 1nterc0rrelations. The

test 8cores of the students, with test means substituted for 7

m1551ng data points, are presented in- appendix’' D.

B

Preliminary results of physics achievameg - item rat- .

. ) 1 Q,g - .
ings. The items of the Physics 30 Test "{P30) were rated as
ings . 5 ; .

ﬁﬁqﬁ 
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to membership 1n the Avital and Shettleworth (1968) categor-
)

ies. The ratlng ylelded only eight items in the: knowledge

) category and therefore the Av1ta1 Shettleworth Knowledge

.subtest (ASK) was a test. of only eight rtems. Such a short

: pest hag very doubtful content valldity since it does not

sample adequately from the concepts of a full year physics

‘course- furthermore the rEllabllitY‘ls probably inadequate.

'The ratlng of P30 items ylelded 48 at the algorithmic think-

ing level, elght at the h;gher taxonomlc levels and one 1tem

7/

.whlch could not be .rated as it did not, seem to assess a

concept whlch was_ included ln,the Physics 30 Course. The

A

dec151on was made to ég%ﬁdon the plan to utll;ze two ‘sub-

scores, the ASK ‘and ®he ASAT, from the P30.\ Instead the P30

was retalned 1ntact as a unitary measure of physxcs achxeve—

AN l

ment, except for the one item Judged invalid. 'Scores on

thlS item were not ‘included in the F30 results.'

_ That only Qaght items of the P30 were rated as beingiinf

‘the higher taxonomlc ‘levels, that 1s, in the Open Search

«

category of Avital and shettleworth (1968) , is not surpris-‘
ing. Av1ca1 and’Shettleworth (1968, p. 43) note that open.
search problems sometlmes requxre Iong perlods of dellbera—

tlon and the controlled c0nd1t10ns of classroom testing do

not readlly 1end themselves to the maklng of assessments of

open search. ‘More fundamentally,'Av1tal and Shettleworth
. i 52 :

(1968, p. 36) have suggested that the ability'to solve open

search problems does not follow from instruction as closely

3
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as do abilities in the knowledge and algorithmic thihking

' areas. Item writers may feel that open searchvitemo ate

nQt valid in the sense that they do; not assess what has been

A

'teught and’ therefore teﬂd to rejedt such 1tems. A combina-

tion of this concarn about*inltructional validity ‘and the

-

'unpredictable time requirement for solving some open search

problems are likely the reasons behind the small number of

v

.such 1tems in the P30

Missing data. The present study was planned 80 that

measurements would be made.on nlne‘variables. _However, as
described above, the P30 has been used as-a single measure -

of physics achievement rather than two subscores, the ASK

- and’ the ASAT. Therefore, measurements are reported on eight

variables.
The data for any member of the sample who waa missinq
tests scores “for !more than two of the crrterion test scores,

or for more than three of the elght tests were elimlnated

from all calcu;atlons. Test results of five persons, th:ee

male and- two female were removed as a result of the missing
R :

data decision. The size of the sample was thereby reduced -

to 139, with 119 males and 20 females.
Numerical values are provided in Table 5 on the extent
.of missing data for each of thé‘tests. The HCT, LCT and DDT

are the criterion tests and the SCAT-V, SCAT-Q, PT, CWS and

HFT the,predictérs..

The tests, except for the SCAT-V and SCAT-Q, had to be

‘158
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L S 1. TABLE 5 .
MISSING DATA IN THE SAMPLE
OF 139 .SUBJECTS
: . . o
Number of-
Test ’ missing points - _ .
A HCT 7
- e
LCT 7 A
Py
DDT 19
SCAT-V 29
* SCAT-Q:* 29
P30 0
HFT 19
c&é 23
. . .‘ s
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- average which is the reason for most of the mtssinq'data.

substitution for missing data.

‘administered near the end of the‘school term.when the teach-

ing of the Physics &5 course was nearl‘:ompletqd as the

HCT LCT, DDT sampled from concepts throughout the ¢course.

' Attendance near the end of the schoql term was poorer than"

-

The SCAT v and SCAT—Q were admlnistered as part of a,

-prov1nce-wide testnng program of nlnth grade students.v

-

Since the subjects of the present. Sample were twelfth grade

.
" pupils many of the missing SCAT st?es are accoun;ed for by

students who have moved to Alberta durlng the 1nterven1ng
Perlod ' \ o . - .;-
Following the adv1ce of then (1968) , missing data

points for,persons not eliminated from the samplé'may be

- replaced by the means of the tests for which data are miss-

B 4

ing. Cohen (1968) has noted that this substitution of the

Ameans recognizes that the pooulaﬁion'itself has flisging

data; furthermore, the substitution of test means 15 a
conservatlve procedure since the degrees of. freedom for

testlng statlstlcal signiflcance are increased even though

.the magnitude of the correlation is not altered by the

subStitution'of a test mean for a missing data point.

No substitutions of test means for missing data were -

made before test means, standard deviations and reliabilit-

Fes had® been calculated as presented in Table 6. But all

results subsequent to the initial calculations have .had

G

e Y
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Me{nal standard deviatiohs and reliabilities. Reported

in Table 6 are the means, standard deviaéiqns,‘maxihum_
possible scores, numbet-of,subjects teut.h in the present
study, and~reliabili£ies for the tests. The scqrés from the
five.subjects who exceeded the misning>data criterion were
ellmxn&ted prior to the calculationg ‘ |

The scores for each test were encompassdl within eight
equal-sized intervals and tested against a normal distribu-
tion by the calculacion of a chi-sguare value. Except for

the HCT all of the ch1 squares were small enough, with

p > .07, to suggest that the assumptlon of normality was
warranted. The HCT scores were positively skewkd and there
was a prqbability of_only 0.3 percent that a‘greater devia-~
tion frdém normalit§ would occur by chance.

The reliabilities présented in Table 5 are K-R 20 meas-
ures of int;fnal consistency. The speeded nature of.tbe HFT
may have resulted in a spuriously high valug for the relia-
biiity. Test—retest reliabilities for the'HFT.haQe been
reporﬁed at 0.63Iover a 1l0-week interdali(Boersma, 1968)" and
at 0.72 with test administrations separated by only a few
hours (Fleishman and.Dusek, 1971).

The assessment context tests were difficult,teséé witﬁ
the HCT and the DDT the most difficult of them}_ The.average
difficuity of the items of the HCT and the DDT Qas approxi-
maggly d.37 wpich probably resulted in an internal consistqﬁ

"’»%

ency reliability lower than would have been the case if t@§7

%

pverage difficulty were nearer 0.50. : 5

0
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5
. TABLE 6
SUMMARY€%F TEST RESULTS

Test Maximum poss<« N Mean sb Reliability

ible score .
HCT 20 132 - 7.4 2.7 0..49

2
LCT 20 132 9.5 3.1 0.56
'y

DDT ) 20 120 7.5 ©2.9 0.61
SCAT-V 60 ‘ 110 44.1 9.8 0.90%
SCAT-Q " 50 110 35.8 7.0 0.901%
P30 64 139 36.7 11.4 _ 0.89
HFT . 32 120 10.9 5.5 0.79%

CWS 60 116 29,4 9.4 0.83

lAs noted by Green (1965)
2As.reported by Boersma (1968)



Intercarrelations. The correlations among the tests

'are presented in Table 7.“'As,expect¢d'there are seatiatic-“
ally significant pogitive correlations among many of the
variables, especially. the assessment contexts tests and theﬁ
P30. These large correlation coefficients are to be
expected because of the common physics content of the
assessment context tests. | |

Thé‘CWS is unrelated to the other tests, except for
SCAT-V and éCAT-Q. The positive association of the CWS and
SCAT-Q, with r= o:io and p<« .05, 1is similar to-Petﬁigrew's
(l§58) finding of r= 0.26 between the éategory width '‘scale
and tfe American Coﬁncil on Educat}on test of quantitative
ability. It shduld be remembered that the éws includes only
10 of the originél.ZO itemé of the scale developed and used
by Pettigrew (1958). A coefﬁicient E; 0.36, p< .05 was
reported by.Méssick and Kogan (1965) between one factor 0f>.
Pettigrew's.(1958) scale and an' arithmetic ability test with
widely spaced response alternatives; four items of the CWS
coincided with heavily weighted items empioyed by Messick
and Kogan (1965)., Hence thé‘finding of the present study
supports the results of Pettiéréw (1958) and Messick énd
kogan (196%) and strengthens the concept of a moderate
'association of breadth of categorization.aﬁd.quantitativeA
ab;lity, at lecast for col}ege and near—college»studqnté.

The significant relationship fognd between the CWS and

SCAT-V, r= 0.22, p< .01, is not .in agreement with previous
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TABLE 7
MATRIX OF INTERCORRELATIONS® e
OF TEST SCORES .
. N=139 HC'T LCT DDT SCAT-V SCAT-Q P30 HFT CWS
HCT
LCT Sq%w
DDT 55% % 49** ’
SCAT-V 15 24%* 11 . ,
~SCAT-Q 20% i?*» is- S5aee .
{ P30 - 3w 62%%  SgN%  3ewW 41*w
HF'T 3 as 25%* 19* 14 07 - 29*% _
cws’ 1t o5 12 22v 20« 10 .07

Decimals have b

* p<.05
t'52< .01

een omitted

b



findings. The original Pettigrgw (1958) CWS was found to Béhz‘xb_

R

unrelated to verbal ability as assessed by thq SAT-V - (Kogan ;
and Wallach, 1964) or to verbal IQ as mcasured by the Ameri- |
.can Colleée Test (Jacklon.ana Pedersen, 1955).

The HPFT is positively correlated with all measures but
significantly so only for the tcsts with physics content; '
P < .05 with the DDT and p < .01 for the HCT, LCT and PT.
The non-significant cdrrelation coefficients between the HFT
and the ability'measuresz'gr 0.14.for SCAT-V and r= 0.07 for'
SCAT-Q, are not in agreement with the flndlnga of Dubois and
Cohen (1970) but are in agreement with those of Fleishman
and Dusek‘(197l)f Th§4slgn1f1cantly p031;1ve correlations
between the HFT and all of the measures of éhysics achieve=
ment ihﬁicate that the more field independentvétudents tend
to be the higher achievers 1n°physics, a result not in ¢
aqreement with the finding of Brilhart and Brilhart (1971) .
They admlnlstered the HFT to a sample of 184 males at the
beginning of a college course in engineering; and traced the
relationsghip betweeh-HFT performaﬁcé and achievemgnt in |
engineering over a 9-term pgriod. No aasociatioh of”fie;d
independence was detected. However, thé sample of Brilhart
and Brilhart (1971) seemed to have been an.unuaually.field |
independent group. Brilhart and Brilhart. (1971) noted that
the srﬁdents were givé% only 10 minutes to attempt 16 items

on the HFT wHile the usual admlnlstratlon procedure, ‘follow-

ed 1n the present study, allows two 10- mlnute periods to




“students in the present study can be interpreted in the

ﬂlqnlflcantly hpghe' sclence achievemewt than the less field

.. 186

-

attemp® 32 items. In -pite af the'ebbreﬁiatedtedminil‘.i-
tion’ time, Brilhart and Btilha t (1971) reported thet 60 per
t of !heir lubjectn tcored lgLor higher oﬂ.the 16-item o

J

test, whereal in the. pre-ent atudy the meqn lcord was 10 9

v

for a test twice as longq'.Apparently the" 6ngineering ltu-
dents were a highly‘&ield independent gtoup and the clultor- h
ing of HFT scores at the upper end of the. scale may not hav.v'

®
‘permitted the full range of field independence tc emerge.

-

the higher physios achievement of the more field‘independent
) ' ) o,

light of Witkin's (1972) obnervation‘that college entrance
students who are hi%sly field independehf had enrolled in
_more optronal hiqh school mathematics and :cience courles .
than had the lass- freid ipdependent studepts. The pattern

L)
of chpice of optional suﬁjects ‘may be due é} part to the

O

greater sucdﬁas Lh science and mathematics of the highly
field independen% dubjectn. " Bowles and Boss (1974) showed
that hxgbly field independent.,male &tudent; exhibited

s .

independent students even at the grade nine level.

L - +

The correLation coeffLCieﬁth between the SCAT-V, the

‘LCT the P30‘and the cws were all Significantly positive,

with- E < 01 B The well-established_relltionship of verbal

Ay

ability and s¢ience achievement (Cattell and Butcher, 1968,

chap. 3) is apparent for SCAT-V and the P30, The lack of a

signifiéant'aéeociation between the SCAT-V .and the HCT is



”5urprising,'slnCé thé HCT is a_vééb&i’test and haé been
,‘;constructed acqordlng to the acceptéd.driteria for a-good
classroom test. f.‘ R B
. The sCA'r-Q-_wé‘s fc;und to be:éogitivé‘ly correlated with
the three asseasment COntext tésté although the values are
sxgnlflcant,,g_< 05, only for the HCf and LCT
- « As expected, slgnificant,pOSLtlve'relatxonships,

p < -01, werefEOUnd to;exiét‘amon; all the measures Qf
physics achlevement ‘ oo _' R

Tests Of Mult:varlate Hyg theses i e!

A q;qnxflcant flrst canonlcai correlation was predicted

between the set of cr;terlon variables and the set of

predlctor variables based malnly upon the physics conteﬁt

of the assessment context tests of the criterion set and-:the

S ca

physics achievement .test and the abiiity'meaqurés of the
p;edictdr set. The félioﬁing hypothesis eas ptesentéd:
1.1 The first ¢6non1631 correlation Bétwgen‘the set
| of assessment context variables and the set of
variables including chnitive style, intéllectbal
ability and phyéics'achievemént'is zero. ’ '
The next hypotheses predicted a second significant

|
canonical c rrelatxon with important COntributions to the

crlterlon varlate from the 10w assessment context tents and
to the predictor variate from the coqnltlve ‘style variqbles.

The fOllOWlnq hypothesis wns presented

—
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.ges including.cognitive styie,.iAtellectnal
;iﬁility and physics achievement is zero. |
The. canonical correlationn and the results of signifi-
cance tests are preaented in fhble 8 The first cenonical
correlationa cOefficient; r= 0.76, is uignificantlyxdiffer-
ent from zero,)gz(IS)- 124, EJ( .001.  Thetefore,. hypothesis
1.1 is rejected . The Becond canonical correlation coeffic—
‘ient, r= 0.19, is not aignificantly different from zero,
2L(8)= 8 0 ps= 30 ‘Hence, hypotheais 1 2 is not’ rejected:~
Thé rejection of hypothesis 1.1 seems to confirm the .'
predicted relationship between the two sets of variables.
Interpretation of the relationship is possible from the
astructure ‘coefficients which are the correlations of bhe .
original.va;idbies and the_canonicai‘variates, and from the
values of theJtédgnéhncy indices (Stewart and Love,>1968).
_The. structure cOE£ficients and the redundency indices for.
“the first and aecond’canon\cal correLations are: presented i,
Table 9. ' . i?"w",' 'ﬂ%' S J
.The vectors of weiqhts which wé&e applied to the crit-
erion and predictor variables in the calculation of each
canonical correlation are less reliable for interpreting
canonical correlations than the atructure coefficienta
(Cocley and Lohne;, l971,lchapf 4; Meredith, 1964).A The
vectors of weights to be eéplied to.the original variables,
or canonical vectors, are presented in appendix E

The statiatlcally significant first canonical correla-

. S E . C ' '153'
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‘ ' . TABLE 8

Canonica%.Corfef;tionTCoefficients and Bartlett's

Significgnqe'Test.Results

3 .~~ ) ' 2 [ 3 //” .
Canonical r J/\_ - - df p
Correlation : :K: : o

. ) © . . .‘ ‘A f .
First 0.76\ 0,43 - 124.4 15  <.o00l
Second 0.19  0.94 8.0 8 > .05
0.16 '0.97 3.3 3 ">, 05

Third .




TABLE 9 °

_ Structure Coefficients For Criterion and v

. ; Predictor Variablel For té% First and

Second Canonical COrrelaﬁionl

L]

)"'

. . , W
v . . . A
Y - ks

Criterion Vgriabie ‘ T *  Predictor Variable :°

B3 -
v

First Canonical Correlation

High Context Test ° .87 SCAT-Verbal

.27

42 T

.15

 Low Context Test - . A, 87 SCAT*QuantiggtiVe f277
DlscrepanCy Detection | ' | o .. - |
5. Test .~ .80 » Physigs 30 Test .98
\ . | éidden'?igures ?eiﬁl .
' | .14
Variance. Frag _ .26
Redundancy Iﬁdex 40 ) Reduﬁdancy Indgx, .15
) Secghd CanonicLl Carrelatign )
A . . . s 4
High Context Test .39 SCAT-Verbal _ .61
Low Context Test . .55 SCAT-Quantitative
Discrepancy T Detection ' ‘Physics 30 Test .05
‘ - Test .13 . : ' . . .
' ~ Hidden Figures Test -333
Categéry Width Sc;le :35
Variance Eraciidn © .16 'Oarigdce Fraction .14
Redundancy Indéx ‘.“ ;01} -Redundancy Index .01

-l




.eted with a canonical variate in the,space ot the predictor

ly, 0.87, 0.82, O.

171

. LN

tion meenl thlt there il a factor, oz cenonical variate, in

Q)e space ‘of the criterion variables which ﬁa hithy cortel-

variables. The structure coefficienél foi each ldﬁ of

variables consists-of the Pearson correlations between the '

original variables and

respective variate. For the
criterion set, the stryctu e ceefficients‘betwnen‘the first
ctiterien variate’ : LCT aéa BDT-were;.rolpoctive4
0.' The large and iimilar values of the
three cérrelatiene indicate that the three assessment con-.

. ‘ N
text tests a,revc]’.osely related to the variate.. &ection

~

Qf the atruc,:*aoef’ficienu between the predictor vari~
t the coc;elati n £or the P30 te-t is

.-

remarkably large,. 0. 98, and much g ter than any of the

ablee reveal

,other coefficients JHence, physics achievement is closely-

. related to the first predfctor v%giate. The.bger& a.picture

which emerges is one with the first predictdr~varia§e‘close-¥ni,

ly associeted_with the physics achievemen;.teit, with the *
first criterion'variate sirongly'ailociateevwieh_all'three
assessment coptext tests, and, with the c;iterion)and
predictdr'vafiates themselves significantly related as . e
shown by the ffrut canonical correlatién coetficfbnt,

r= o 76, 7&3(15)- 124, .4, 3«( ,601. The physicl content ot

three assessﬂent context tests and the P30 il pr?bably

'responsible for the significant overall relatiqnlhip as had

. been ptedicted The: structure coefficient between the fir.t

&



ny
-

Q—predictor variate and the HFT 18 0.42. While.the.value of

‘the coefficient is much amaller than that for the P30, the

HFT bears a raéaasonably healthy relationehip to thd‘predictor

variate which ia closely related to phyaice achievement.

- Such a relationlhip was anticipated from the significant
S

asaociatione of’ the HFT and the ‘HCT, LCT, DDT,‘and P30 on

.univariate tests, but the canonical;analyeie has shown that

the relationahip:holdl for a predid!or variate which correl- .

ates significa ly with a criterion variate Which is a

factor of the aasesement context tdsts. Therefore,

aseociation of extent of%field independence and phy
. 2

achievement iaaquitqigeneral within the’ limite of t

+

ent study.
Calculations leading to the x| .index'fOr the

criterion set,’ given the- availabili

18 68 pepéent of the summ‘d variance of the three criteria.

The redundancy index for the criterion eet, th

*roduct of
the vari;nce fraction and the lquare of the fi eanonical

i K

correlation, is 0.40. hie means that of, the 68 pqrcent oﬁ

3
criterion variance which is contained in. the first criterion-

variate, 58 perce:&pof it is accounted for by the predic-
L N

Eorérythat is, 40 percent of the total variance of the

L

criteribﬁ~variables is accounted for by tHe predictora.
Similar calculatione for the predictor set’ reveal that 26 )

K

percent of predictor Variance is utilized in the first
v . P '

: (s A '.b . * . . . .

4
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" the crlterion variables and the 74 percent of t

q gonal to the first variatee and which were highly correlat-

~ed. Thus the hypothesized reletionship between the teste .‘ ‘

-

tion, only 15 percent of the eumed varience of . ‘the predic- .
tor variebl.l is eccounted Yor by the pre-ence of the three
ctiterion verihblee. . . B T u,

' A comparieoﬂ ‘bf the Verience tractionc for: the predic- |
tor and criterion sets lhows thet. 68 percent of AVaileble

bx.iterion variance ll emhodied in the first 1'.‘l.tex:iOn

' veriate, but ‘only 26 .percent of prerdict& variance is in the

£ir.t predictor va;iete. At this stqge, the possibility

exists qg a second lignificant cenonidal correlation. The

second plir of variates which are orthogonal ta ‘ih‘e first

could conceijably utilize tlre 32 ﬁercent of th )ﬁnriance of

hfvag:iance »

of the predictdr vari.ebleep veriences whic)h wer

»

not utiliz-
ed in the first pair of canonical variates. - .

‘»
The eecond canovicel‘g'orreleﬁion coeffioient, 0";19'4’, ieq
however non-sicn'ificant-; " Furthermore, the ,f;a’ctione of -

variance of predictor aﬁ‘a' criterion cvariablel utilized“in

thé second set of ‘variates as shgwn' in Table 9 are quite - "
h 4

small.  Hence the negligible redundancy indices for both
prédictor and criﬁex’ion sets ere.not surprising.  This means

that canonical varlateﬁ could not beé founc@ whidh were ortho-

P

.

.5low_in assessment context and,the cognitiv_e style varie_blel

&

: . ' ' . X . . . .
s g N ) .. : . L
’ M Y . - - . . -
. o . L o L . 3 . . * - R Y
. O A . - A
. <
. .o . : R
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has not beon shown to oxiut.

since oach successive canonical cor!‘.ition cooffic‘cnt

.il.smgiher than the provioul one, and since the locond can-

: onical.corr.lation has not reached ‘significance “apd hal

utilized enly a small fraction of »the unaccounted.{\f vlti-

ance of the predictor apd critarion variablel, the llruotu:b

coefficients and redundancy indicoa for the second and third

- ’

':P1r 'y P
B ot

have not beonﬂ‘ilculqtgd

4

e ,Rﬁl&tiAQSh&Eﬁ A%gﬂngrkterion Variables o e
. -,4 + . .
In ceder to ai%esu ‘the impact of the. assessment con&ext

L

DI U
M

"'i‘-\«

'fdaturos of the criterion teats two hypothenes ware conptruc- ,
w b

ted concerning the relationahips among the critérion tests.
o 4

The hypotheses predﬁcted that the part@.} correlations

'between the HCT and the LCT, and between the HCT and the DDT

ol

would_each.beoome'zéro when the influence of physics-

- g

Y

removed.

achievement is removed. As stated in the u-ual form: -

2.Y

/

The partial cotrelation between the High Context
Test (HCT) and the Low Context Tesat (LCT) is zero
bhcn the influence of physics achievement is ;iimé
1ndled ‘ ' ’

‘The partial correl&tion between the HCT And the
Discrcpgncy Detection,Test (DDT) ‘is zero‘when_thev

effe&ts'of physics achievcnent'ére removed.

The partial correlation OOeffic1ent between the HCT and

the LCT was c*:ulated with the influenco of the P30 iow

The resulting partial correlation coefficient was
q(

'f"' ‘rcanonical cor:qlltiOnl will h. ﬁmall‘rnd.non-oigniztcang andi‘

174 .
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0.24, t= 2:94, B (two—tailed)'< .01, Hypotheeie 2.1 hea

therefore not been'eccepted.‘ Thul an importapt residual

" relationship exists between the HCT and the LCT after the'
cOmmoncinfluence-of the PT has been re;;ved. The unique

: iﬁaturea of the low alaelenent context items of the LCT had

N

been expected to have a variance component allociated with
them whiLh was unique and not- shared with the variance of j
the HCT after the varizrce aelociated with\phyeicl echieve-
'ment had been remo‘lb .}he cbrrelation coefficient between
the SCT and the LCT wq‘ d.lculated to be 0.54 indxcating a
- common variance of quﬂpﬁ’nd the partial correlation
o : coefﬂig&dﬂigﬁetwﬁen the Hwaﬁhd “the LCT with the influence
& roow %of the PT removed was ﬁ; indicating a. common variance of
n < 0.06. Therefore the, E’ﬂi;rtion of overlap resulting from
the effects of the nm ﬂ’ 0.29 - 0.06= '0.23. The percentaqe
° “of the total aasgti;tfgn present reeulting from physics
.achievement \s 0. 23/9 29) “(100)= 79 percent. The remafning
,common variance, 21 percent"may have been due to elememtl
preeent in’the coinciding adminietration of the HCT and the
LCT which consisted pf qubsets of items within the test
'known as the- Physics Teet The joint adminietration of the
two subtests.tends to ceéitalize on the effects of eitua-
‘tional factors present (Messick and- Kogan, 1965) and thus .
the 21. percent of common variance after the effects of
:physics achievement were removed may be accounted :d; at

least in parf,

-



u# ’f

For teating hypothesis 2 2 the partial correlation copf-~--
ticient was calculated between the HCT and the DDT with thK

effect- of phylic- achievement on the P30 removed . The re- =~

_aulting-coefficient equalled 0.28, t= 3.49, p(two tailed) <

.0l. The‘anticipated null reeult was not found end hypo-~-
thesis 2.2 not accepted. As in the relationehip of the HCT
and the LCT g there y:e an qppreciable ‘and unanticipated
common variancéd tor the HCT and bhe DDT. which- remained after
the influence of the P30 was removed. The correlation 0!3

the HCT and DDT was 0 56 indicating a common variance of

(0. 56) = 0. 31 and thb partial correlation of 0.28 means that

variance of (0.28) = 0.08 remained in common after the
influence of the P30 was removed:. Thus (0.31 - o.b-e)-\o.g3‘
of the variance was (0.08 * 0431 (100) = 27~percent of the
original common variance, | - o '

The appreciable remaininq variances of the HCT and the

<+

'DDT after the xnfluence of physics achievement wasg removed

»

are dlfficult to explain. The HCT is & verbal, multiple .

"choice test. while, the DDT is a diagrammatic, mostly non--

* verbal frce response test. The HCT coneiete of items Which

are claimed to be high in assessment context with the DDT~

. 1tems low in assessment context Tn§~HGT and‘the DDT were

admanistered as separate teste with a week between adminis—

Atrations,;not combined in -a eing}eetest as,were the HCT and

the LCT

Alqhouqh not required for purposes of hypothesie test-

176
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v : : : .
ing, Eho“pnrtial cofrolat{on'of the LCT and the DDT upon
removal of the influence of.the PT was calculated and vas
found.to be 0.19, t= 2.32, g(two-tailod) < .02. The maqhg-
tude of the significant ponitive corrclation co!;d‘bo

explained on the basis of the 1ow aslollment context of the .
items of the LCT and the DDT: however the magnitude of the ‘
partial correl&tiqn coef{ficient boéQAQn the LCT and the DDT
is-comparable with those for ghe HCT and LCT or the HCT and
lﬁhe'DbT-which did not share in the low a--éllment context of
the items. In aummary, all three oflthe assessment context
tests are slgnifiéantly positively co;reléted even aftqr the

'Y B 3

.idfluence of bﬁp common’ﬁhysic:z;ontent is removed.
Multiple Linear Regression Tes

of Hypotheses . °

A1l of ﬁhe»mu;tipie linear regression equatibnl-con-

strucf:ed in the preésent section have been uﬁed to ass,‘
hypotheses. on the influencq“bf oéecific,variablel_ip P . h

. )

dicting each of the cfiterion v;fiablel &%.; later section
the results of’ exploratory analy-ol are described to indic~
ate the presence of unanticipatcd effacts which may have
been present. .

The hypotheses to. be invest{gated‘have specified a ﬁrd-
“determin&d order for Che addition of the predictorl.,'Thare-
fq;e, the more common practice of step-wise roqrellion in.
which the varxable correlating most highly ‘with- the cri%gif
ion is entered first in the fegression equatién has not been

followed. Instead a computer program has been used which

4
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porhitl the specification of thﬁ,ordo}hot.ontrx;of the
Vprodiétoru. In each of the nubioctiqnl bcioQ the rt-ultl.of
tests on. the offoctivononl of various 1ndop0ndcnt vari;blcl
in multiple linoar roqronpion oquationl tor prodictinq, in

_turn, the HCT, the LCT and the DDT are prolantod.

Vorbal and quantitativo ab}lity..'ln‘oach of the .

multiple 11noax regression equations scores Qn the SCAT-V
and. 'SCAT-Q have been entored first in tho oquationl and all
hypothe-ea involve tho‘prediction of variance in tho asle-n-
ment ‘context variables geyond'what‘ia possible .from know-
ledge of ve;ba{ and quantitative ability. T ‘./

Tests with the HCT as criterion. 'Hypétholen'have been

]

constfucted céncernihg the variance of thafHCT predictable.
from the measures used to asless, in tupn, phynic' achieve-

ment, breadth of categorization, and e!tent of field inde- \

.‘.

pendencq ' ’ e , ' o )
Separate hypotheses were developed -;atinq the R [-
influence of physics achievement at the knowledge level and
phyéias‘gqhievément at the algorithmic thinking level. How=
'ever; when the items of the P30 Werg assessed as to t:ha:l.'rw ,
Avital-Shettleworth (1968) categorii&tions; inlufficiont
items were founalat thé knowledge leve; to warrant the use
of separate gubacores!for_physics'aéhievemeﬁ;'atqthe know~
léage level. Therefore'éhe hypothéses concérning the
phyaxca achievement at the k*owledqe lqvel and tha algorith-
mxc thinkan 1nvels have been combined for prodictinq the

)
> . » " . ‘-"r .

. R <l

< ) . ) 'j,
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hypothoatl 3.1 and 3.4 have boon combined as hypothclit :

3..1 -'.

.
-
b .- N . .
. ' o

SNtict 3n the HCT of phylicl achievement. Thua the ewo

.4. The original hypotholol and the nowly-formpd

hypothesis are éroo,ht‘d Boldw.'

3.1

e

N "3.1-.4

The predicted eftQCti

" There is no siqnitioani‘increaua in the R

There is no significant incraa-c in the -quarod'

: multiple corrclation coefticiont (R ) betwoon

the HCT and the ability variublal whon physics-
achievement at the,knowlodga lqvel is added to
the set of predictor variablgl- |

2
between the- HCT and the\ability variabIEi’EfG:/
physicn achiqvement at tﬁq knowledge ‘level when

phynics achiovement at the algorithmic thinking

.

level in ad‘,é to the set of predictor variables..

2

“There is noaﬂignificant increase in the R be—ﬁ

tween the HC? and the ability variablcs when
L}
physics achievemcnt il addod to tho sst of

¥

pf.d!utor vnriabios.

\of physics achiengontftor pre-

aictiﬁg the variance of the HCT yas.éisignificaﬁtly posi-

tive one.
breadth of categorization te¥®, the CWS,. were not antipi—-\
pated as béing significantly predictiva'cf’the-vakianco of

the HCT.

The precise atatoment- of the null effects of the,

HPT and the Cws are presented as follows. .

R IR P

i?"

Thérq is no significant inc:&aqd’fw'tho Rz

- N B \5" !4,1., R T 'l y
%5 * N - ' ’ o ' ’

betwopn

-

The field independeﬁce meénuro? tﬁq'HFT and the

179
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:“" the HCT and the ability mo;ltrot.plui'phytSOU 't v 3
- achiovomont when brquth bt oatogdr*:utibn 1- -
| added to the lot ot ptodictot eriablo-. e ZJ_

Sfl- There is ho -iqhificant increase 1nj|.o r? bctwnoﬁh
the HCT and tho ability plus physics fbhiovqm.nt |
. variables whon ﬁhe fitld indopondonce yariablq is
. addod to tho lOt of prodictor va:iablcs._(“ &
The relultl of tho sequontial tests of hypotho..r-irc
- pre-qntod in Table 10. ‘At each stage the predictor was en-
)tercd into the multiple ‘linear regression (MLR) eguation
and its 1ncrement in the squared multiple cérrelatioh (sz
coefficieﬁt w&l teltad 1f statintically lignificant, thc
variable was retained in the equation tor luccooding ltopl:}
" if not, the varlable was dropped. prior to the next ltep.
Hypothesil 3.1-.4 was not acceptod pn thq iﬁéreane in

R upop the addition of the P30 vaziabld was 0.37 with

*
£

F(1,135)= 85. 1 P < .01, Tne anttcipatJd influence of the
: 3|
P30 in’ ptedictlng lcorel on tbc HCT was readily obncyVod

Thé physiqs content of the P30 and: ot.the HCT wgl in all,

probabiiity‘thé reason for the‘high_ddqree'otdeffac iveness
of the P30 in improving the ptédietion‘of the HCT.
' Tested next wal hypothesLs 4.1 concerning -t 'tcfcht-

the ‘null - \

hypothesis was not rejected sane the increa-o/in Rz upbn

iveness of the CWS as a predictor of the HCT.\_

the addition of the CWS was 0.01, F(l, 135)- 9[9, p > .05.

ry

Aa.expecteq, the cws did not imptove the prediction of thcl
s g T o
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“Table 10
’ . ) ‘ B .
Tests of Hypotheses on Changeg in the Multiple
- . ;-,, .

Correlation of the HCT as the Criterion .
and Various Predictors .

s

Step Variable(s) R2 ' ‘ARZ F - at p Decision on
Added ‘. - Variable
0 SCAT-V and . . : -
- SCAT-~-Q .04 .04 2.88 2,136 .05 Covariates
1 - P30 .. .41 .37 85.1_ 1,135 .01 Add
: * . ‘. N \‘
2 Cws .42 .01  ©.9 1,134 .32 Dprop
3 HFT .44 .03 6.8 1,134 .02 Add
Regression equation at p < .05 : : ' , ,
Xpep = = 009 Xgopq y = 0.02Xgpm o+ 0.63 X 0 + ©.18Xypr
o
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scores on the HCT beyond what was .possible from the ability
measures and the physics achievement test. The ‘result is in,

"agreement with a previous report that s¢ience achievement

-
-

and breadth of cateéorization ere'not’related for senior
high school'studentS'(field and Crop%ey, l970f.' Although a
-pqsitive-assbciation of breadth of cetegorizationfénd !
guantitative ability has heen suggestea (?ettigrew, 1958;
Messi k and Kogan, 1965)4the Quanfitetive content of the HQTi
it may not have heen~important”enough} or’else;the nature
‘of the single concept response alternatlves may have been
percelved as suff1c1ently nartowly spaced thag‘the CWS dld
not improve predlctlon of the HCT. e . : o
The next hypotheses tested concegned the effect of add—
. ing the ﬁ;eld“lndependenCe varlable to the set of predlctors.
For the test hlgh'ln assessment context extent of fleid .in-
dependence .was not expected to 1mprove\pred1ctlon, and the
null result was stated in hypotheses 5.1. The calculatlons'
indicated an increase in the squared multlple correlatlon
coeff1c1ent of 0. 03, F(1,134) = 6.8, p < :02. Therefore
hypothe51s 5.1 was rejectedt vadently fleld 1ndependence
makes a‘contribution.towa;d per{ormance on the physics test
high in'assessment context with the contribution independent
of physies echieveﬁent. The*gg:e field independent persons

tend toward higher achievement on the HCT. The tendency'

‘which ha$ been noted (Witkin, 1972) for the more field inde-
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pendent. high schoolistudents to select more optional science’
and mathematlcs .courses may be due ‘to the mutual relnforce-

o

ment of phy51cs achlevement and f1e1d 1ndependence whlch‘
seems to be 1nd1cated by the present result. ‘Whether the .
rerhforcement'occurs wr}hln the method of measuremeﬁt of
physics achlevement or more Broadly in the teachlng ‘and
learning of the subject fleld may be 1nd1cated by the tests
of hypotheses concernlng fleld 1ndependence and the LCT and
the DDT. | )
In’summary,“the prediction of.the‘ﬂCT criterion wes'
significaﬁtly'iﬁbroved by the'additdon of physics achieve-
ment scores to the ability varlables, and a further 31gn1f—
icant 1mprovement in predlctLOh occurred w1th the addltlon

rof.the field 1ndependence measure, but not with the breadth

‘of categorization test. : o .

Tests with the LCT as criteridn. .The hypotheses to bE'
tested reiate totphysics acﬁievemént, breadth of cateéori;a—
tion and exbent of field independence.‘ fﬁe original hypo-=
theses 3.2 and 3. 5 concerning physxcs echlevement at the
knowledge and algorlthmlc thlnklng levels were comblned

because of the non- avallablllty of separate scores for the

two levels. The comblned hypothe51s is presented below.
. . A B * B

3.2-.5 There is no significant increase in the R o . ‘, .

between the .LCT and the abiljty variables
when physits achievement is added to the

set of predictors.
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' The hypothéges pertaining to breadth of ¢ategorlzation 

and extent-of field'independence follow:

4.2 There iss no SLgnlflcant 1ncrease in the R2

<9
between the LCT and the !blllty measures plus

phy51cs achlevement when bnﬁadth of categorxza- B

.tlon is added to the set of predlctor varmables.

5.2 lQere is 'no 81gnif1cant increase in the R2

4 achlevement varlables when the field lndepend—

‘ence varlable is added to the set .of pred;ctor

B

variables.

The results of the MLR tests are presented in Table

and are dlscussed below. .Y

.

~between the. LCT and the ablllty plus physics o

1l

The variate overlag}of the ability variables and fhe‘

er is 0.06, an amdunt which 'is unimpressive in magmitude

géod predictors of’%uccess in academic school subjeots.
. . ; . .

the administratiOn of the SCAT and the other measures is

.4

LCT and the SCAT. Several studies. of the predlctlon of

probably respon51ble for the weak~assoc1at10n between the’

consideriné that verbal and numerical ability are usuyally .

In

‘the present"study'the time‘lag'of nedrlyttﬁfee years between

school grades in science from SCAT scores obtalined two years

previously have been reported  in the SCAT Technical Manual

-

(1962, p. 11). While the sizes o%-sampies’of high school

college pfeparatory students were all.78 or "less, the
reported common variances of science achievement and the

a

T,

1
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a Pable 11
Tests of Hyboﬁheqhs on Chan‘g-ebs in the Multiple
CQ-rreiat‘;i.oh of. the LCT és the Criterion -~ B N
and Varioﬁs Pr_:édi.ctors _ , S \
' Step Variable(s) 2 aARr? F" df p  Decision on
Added . , _ Variable
.0  SCAT-¥ and .,06 .06 Jéﬁg' 1,136 .05 Covariates’
SCAT-Q .‘ . T )
1 P30 ".39 . 33 75.5 1,135 .01 Add
2 CWS .39 0. © 1,134 .90 Drop
3 HF'T .40 - .01 1l.e 1,134 .33 Drop
Regression equa"tior_x at p < .05
» ' “ . . .
XLCT = O'OBXSCAT.-V - 0'14XSCAT—Q + 0..65XP3‘0
B N - .
/
e
) —
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SCKTrranged $rom 0. 05 to 0159 with a'nedian of 0.15. Hence"'

‘the magnitude of common variance found in the present study
. is not unrealistically low for-a three-year period .
| As expected ‘the P30 test of physics achievement pro-
'dueed a statistically significant imprqvement in the predic-
tion of the LCT, undoubtedly because of the common physics

2

conten‘t AR = '.33, F(l 135)* 75 5, 2( 01._

Null ypothesis 4.2, that the Cws does not improvd the

prediction of the HCT, was tested next and was not rejected,

Ag? 0, F(1,135)= 0, p= .90. —The result means that,

. contrary‘t expectations, knowledge of breadth. of categoriz o
ation scores diad noﬂ'imprQVe the predietion of performahce
on: the LT/ beyond Mhet was p0531b1e from ability measures
and phy51;s achievement Apparently the approx1mation
strategy gor "ec1d1ng among conceptually wide-spaced res-
ponse a%&ernatives did not operate With the low assessment
contexw’items of the LCT as Me851ck and. Kogan (1965)

’suggested it mightﬂfor decidingfamongrthe responses to
items with widely spaced alternatives. Various explanatioﬁs
are poSsihleiof the failure to substantiate:therpredicted’
relationship The approximation strategy of Messick ‘and
kogan (1965) may not be correct They observed it only for
one factor of Pett1grew s (1958) original CWS, and -the |
factor. for which they observed the significant relationship
with the quantitative test. of w1dely Spaced alternatives

was not the factor for which Pettigrew (1958)' had reported

PR

£ g

-

.
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a signlficant correlation with the’ Amerxcan Council on

- ~

Education test of quantitative ability.. N L
If Messick and Kogan 8 (1965) hypothesis is correct;, '
the reLationship between the CWS and the LQT may not have
emerged since only four "items of the 10- 1tem Cws used in the
present study had weights gréater than 0.50 in detetmining .

\;;/yna\sector found to be si?nlflcantly correlated with the )

test hav1ng wide- spaced alternatlves. Stlll another

Ty R

p0831b111ty 15 that the 1tems of the LCT, with 12 of 20.
h items not having numerlca; quantities among the response
alternatives,’were not suffiCiently simiiar to the items of
Me551ck and Kogan 8 (1965) study for the same kind of .
approxlmatlon strategy Operates malnly with items havrng
" numerlcal responses. There is another reason to expectathat
the approﬁimatiop strateqgy should have been forced on the
'LCT., The average diffieulty of the items on the LCT was
‘%.48: and the,di-fficult nature of the test might have'
resulted in more tﬁan averege leyels of guessing at answers,
and gueSsing is an appreximating strategy. Whatever the
reason, the brocess of estimating the farthest value from
the mean as required in the assessment of breadth of
‘eateéorization by the CWS has been shown inﬁtﬁe present
study not to'be.predictive of success in the LCT, a verbal
test 10& in assessment context.

. Hypothesis 5.2 concerning the prediction of performance

on the LCT from the HFT was tested next. Upon the addition

o
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of- HFT scores in the MLR-equationl‘Agzn .01, §(1,134)-'I.0,
p= .33. Therefore the null hypotheses was not rejected.

Contrary to expectatiohs, extent of field independence as

assessed by the HFT did not improve prediction of LCT g!r- ‘
formance beyond what was possible with the ability measu(es
wahd physics achlevement._ The. properties of the LCT items,,
irrelevant information in'itemlstems, mi;imal redundancy’ of -
e;yzntlal i mation, and diverse- concepts among th;
response alternatlves, were such that the formulat”

Yoo R

tentative ideas of response requlrements,

information from among the data’of the item stem, anq the

/ reformulatlon of new hypotheses as suggested by the various.
response alternatives seemed llkely to be required. These ,
procgssesfappeared'to require the overcoming of both con-~
ceotqel and perceptual embeddlng contexts and.the‘ablllty
to overcome embeddedness is the basis for making distinc-
tions.along the field independéncqydimension: %He failure
to observe the predicted ovarlap ofoextent of field inde- .
pendence and perfé%mance on tpe test low in asséssment
context méyabe due to a too-large gap between the conceptual'
‘nature of the embeddedness wmich had to be overcome in the
LCT items as compared to the perceptual nature of the em-
beddedness- to. be overcome in the HFT. W1tk1n et’ al. (19627_\M/
chap. 5) has pictdred the overcoming of.embeddedness as %
being a cognitive trait having both conceptual and percept-
ad; |

u components. Extent of field independence is' decidedly a-

I
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part of the perceptual component. Possibly the overcoming

of embeddedness‘ihvolved in picking out data’ from an LCT

item to test an hypothesis of in the formulation of a new
response hypotheses aftér rejecting an initkal one are so ]
decidedly conceptual processes in th#ir nature that the
anticipated positive rel#tlonshlp between the LCT and the
HFT did not exist. '

The closeness of the relationship of the perceptu;l and
conceptual realms is itself a matter of conjecture (Wohlwill,
1962). According to thlwi;l (1962?, the Gestaltists tend
to view perceptian as ingcluding insight and‘other processes
Yhich imély that the major ﬁart of human reasoning is per-

. ceptual while Bruner views the defining ;ttpibutes of per-
ception and conception as discbntinuous. WOhlwill‘(l962)
puts peréeptiod and conception at oﬁpcsite poles of a con-
tinuum. As one proceeds from perception to conceptlon the
amount of redundant 1nformatlon needed for cognition de-
creases, the amount of 1rrelevant information whlch can be
tolerated 1ncreases and the spacewtlme separatlon over wh1th
stimulus information can be integrated increases. - There are
obvious paralleis-befweén the defining attfibutes‘of asbess;
ment context and distinguishing charﬁqteristics which
Wohlwill (1962) employs along the perceptién - conception
dimension. ‘

If, for the moment, Wohlwill's (1962) formulation is
accepted theé a relatively simple explanation for the non-

impsQvement of LCT prediction from the addition of the HFT
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follows, with the additional assumption that the making of
reoponscs to the LCT ds docidcdly a conseptual task.. The
conceptual "nature of the LCT means that the lack ot rcdun-
dant information in the LCT, the presence of irrelevant
ihformatibn, and the divdYsity of the rélponse‘AIternativol
poses no demand uponethe perceptual :aeilitiel, while the '
'making ef responses to the HFT makes perceptual demands
Thus the capahilitiel alellcd by the HFT and the LCT are
separate. V

A puzilin% question.is why was the HFT significantly
predictive of ecotes on the HCT in which .the items seemed to
require little oveécoming of embeddedness and not predictive
of scores on the LCT in which the items seemed te requ;re
considerable overcoming of embeddedness? qusibiyithe
ability to make rather fine distinctiens among dominant
elements in a test situetion rather than the overcoming of
embeddedness was the operative&factor in ehe differing re-
sults for the HCT and the LCT. Wachtel (1972) has noted
that tests used to assess field 1ndependence may be factorlj -
ally complex. Hence the 1dea qf the ability to make f1ne
'dlstlnctlons 1nvolv1ng dominant elements cannot be meedl—
yately ruled out as not assessed by a test purporéing to
measure field independence. - The_ablllty tovmake fine d1s-
.tinctiqns inveiving dominant. elements hypotheses could

account for the significant‘relationship of the HFT with the

HCT but not with the LCT since in the HCT the dominant

AL



v | g am

[}
w

elements of the items chuifoncnt was clearly np:ilod,put #5
the\}tom.ltom while for the ey iéfm- iv wad;nét clcq'gy '
defined in the stems, rbrthormoro; the single physics
con;epts nnohq thé rcoponnpfaitornitivoq of the HCT may
require that finer diltincﬁion-‘bo“madc in the -ole§tioﬂ of
rq-pon;c- than in the LCT thro th? dif!or;nq phylic; con-
cepts are similar to wide-spaced alternatives. . ,

The qaﬁo.hypotho-iscd.coaponClt ability Q!~!1616 inde-
pendence noted above seems to have further oxplanatory
power. The;supetiority of highly field indcpendcnﬁxperlons
for lgarning 1ists‘ef easilylconfu:ed‘woras (Long, 19625 aﬁa
the closer reiation;hip'of’fieid ihdepond.nco‘£9r t;lkl
ideﬁtifying the main'giéments of figures than for tasks
"identifying overall forms or’baékgrounds (Méqsick'and
Fritzky, 1963) may be accounted for on the basis of the
ability to make fine distinctions involving'domihant elem-
ents in the sgimulug situaéion. The ;endehcy of the highly
field indepenaent-students-to sélect preferentially métheh-
atics and écience cdu;ses (Wilkin,'1972) could also _be
explained if tﬁe assumption is‘warrahted that mathematicé ”;\k“
:and science courses,ihvolve-£he,makiﬁg of finer déstihc£ions o -
inQolving dominant elements in stiﬁulus situations than‘is
required. in qpnosciencq ;\d non-matheﬁaﬁics'courses.

In Quﬁmgry, neither breadth of categorization or extent
of field independenge was found to improVe‘the prediction of

the low context verbal teét, the LCT, beyond what was poés-

-
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.1b1h trod'phylici achievement’ and the ability measures.
TQlt. with the DDT as the arito; of . Tha'hypothinon to

be t.lt.d polato to MLR equations with phynicn achiov.man§||
breadth of catpqqrization, §nd field indopondcnco\al predic-.\
T tdgs. A; for ﬁho H¢T and thi'LC? t&ltl;'thn hﬁpothciql con;
cerning physics achievement st the ‘algorithmic thinking and
knowlodqo lcvoln .have been combinod with roapoct to phynicl
nch&.u.nonta Qrtcthll-hyyothGOOO:S.Jvand 3,6 !611!‘ l.ﬂ;.‘
formulated: .:, : a / '
3.3 > .6 . There is no significant increase in the

' R? between the DDT and the ability
va;}abldi.whon physics ;ohicvqnont is added
to the set of predictors. ‘ o |

The . hypothesges pertaininé to breadth of categorizitiop
and extent of field independhnce followT < . | oo
4.3. There is no signzficant increase 1n the 2
. between the DDT and the ability variables

-plus physics achievement’ ghgn broadth of

categorlzation is added to the set of pre-.

A
S
dlctor variables. |

) 5.5 There is no significant increase in the Rz . Q',f/A
between the DDT and the_ébility plus physics.‘ \
achievement variables when the fiela independ-
ence variable is addedd to the set'éf predictor.

variables.

The results of the MLR tests are presented in Table 12.

,
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Step variables *~-R OR F- at p . Decismion -on
‘ Added “ . , Variables

°
.

"o _ SCAT-V and .02 .02 1.5 1,136 .05 Covariates

SCAT-Q
1 - P30 .7 .37 .35 74.2 1,135 .01 ° Ada.
* . . ‘
2 cws .38. .01 1.6 1,134 .22 - Drop
‘3 wfr . .37 .01 .1 1,134 .75 prop
Beat regression equation at p< .05:
Xppp= =0-09Xgeaz_y ~0-07Xgear_g * °1f6.p3o .
P -3 ' . .:J
4 "os ah

e .
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The covariates, SCAT-V and $CAT-Q predicted a non-signifi-
2

cant fraction of the vérian&e of the DDT, R"= .02, F(1,136)=

1.5, p > .05. Probably the three year lag between the ad-
ministration of the SCAT and the DDT was the reason for the

weak association.

<

‘The addition of the P30 to the list°of predictors re-
sulted in an increase in the squared multiple correlation
coefficient equal to 0.35, F(1,135)= 74.2, p < .0l. There-

fore null hypothesis 3.3 -.6 was rejected. As expected the
o

physics achievement test was a significant predictor of the

DDT undoubtedly because of the physics content. which they

. ™
have in common. )

The addition of the CWS to the set of predictors yield-
ed A§?= .01, F(1,134)= 1.6, p= .22. Therefore, hypothesis

4.3 was not rejected. This means,that breddth of categoriz-
N G v . - .
ation did not improve the prediction of performance on the

diagrammatic test, the DDT. Such a result was anticipated
because thé DDT was essentially non-gquantitative while
significant relationships of the CWS have usually been fouﬁd
with quantitative tests (Pettigrew,'i958;vMe§sick énd Kg?an,
1965). Furthermore, the examination of the diagrams of the

9.

DDT items for possible discrepancies between them and

expectations based upon knowledge of physics is probably not
1’ : . .
a categorizing task.

.-
%

The addition of the HFT to the set of predictors after

thge SCAT and P30, yielded an increase in the squared multip-

le correlation cogf%iqient equéi\to 0.01, F(1,134)= .1, p=

o

e
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.75. Therefore null hypothesis 5.3 was not rejected, which

means that field independence was not fouhd'to aid in the

prediction of performance on the DDT beyond what was poss-

ible from the ability tests and physics achievement.' The

result was contrary to expectations. Evidently the examina-
tion of the diagrams of the DDT fér discrepancies ‘between

L - B
what is portrayed and what would be expected .from a know-

ledge of physiegB and the reaesessment of expectatioﬁé'and
the retestihg ef revised expectaﬁionS‘agaiﬁst the qiven
figures do Poé seem to be'releteqvtefthe process of‘picking‘
out simple designsvin complex figures'as rquired'in the HFT
test of field independence.  ?ossib1y the diagrams of ehe
DDT, not having thekaegree of complexity ofjthe fiéures of
the HFT, are not'sufficiently challengingite pfoﬁide the
ﬁore field independent persons with.an adyantage over the - -

less field independent students. There is another pessibil-

ity. As discussed with reference to the LCT hypothesis
e .

195

tests, the conceptual componerrt of the process of responding -

to the items of the DDT may be so much more important tha?
the perceptual component that theyrelationship of the DDT
and the HFT, a test with strong perceptual emphasis, is
very weak.

Exploratory Analysis with the Assessment Context Tests as

Criteria.

‘ {
Cohen‘(l968) and Walberg (1971) have suggested that

after testing well-developed MLR hypotheses,exploratofy

variablestinclud}né second order quadratic or interactions

-

»
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may be tested. Usually tagdgzpleratory‘variables are addeq'
. to the MLR equations after the coQariates and e@tablished:
variables. However,-in the present study the_qua¢tatic_
terms ‘and interaction terme have been geherated and hade'
evailable aloné witﬁ the original variables fpr a stepwise’
-selection or rejection which has been.ueed.w;thout re;trict—
.ing_any variables from entering or being drepped from the _
MLR equation. 'The':eason for following theipiéceduré'is
that the covariates, SCAT-V and SCAT-Q were expected to play
. @ very minor role in the prediction bfhthe assessmeht
cohtext variables. Furthermore, the physics achievement
te§t, the P30, was expeeted to pley sech a dominant role as
a predictor that it seeﬁed'likely to appear in theiregree-
sion equation formed by any stepwise procesé.

,fhe method employed in testing the effects of second
order.quadretics and interactions amoﬁg the predictore'albng
with the originalrpredictors is stepwise regreseion (Dréper
and Smith, 1966, chab. 6). In this method the predictor
most hHighly correlated with the criterion is'ehtered first
into the {sgression equation and is retained if the impreasl
ment in prediction,  meets a certain pre-established. probabil-
1ty level. Next the partial correlations between criterion
and remaining predictors;are calculated with the influence
of the predictor already selected removed. The variable |
with the hlghest pa;tial correlatlon is entered next and

retained if it improves predlctlon at the pre—establlshed
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larel. Then,.@he variable(s) already in the equatiog_ate
removed 6he at a-tiﬁe but are replaced ifltheir removal -
reduces the predict&bilit§ oﬁ the criterion at a preé
~.established level of prbbability. Then partial correlations .

of criterion and remaihing pfedictors are calculated and the
. | s . ' o
The guadratic and interaction variables generated for

inclusion in- the éfiiﬁise process were:
2 2 2 '
X NXeows X X

process continues.

Xp30 urFT , P30 Xcws ,

Xcws ¥wrr , Xwrr ¥*p30

Also available for the selection by thé*stepwise process

s .

were the predictors:

X .. X : X X,
SCAT-V_ , "SCAT-Q * *p30 ' “cws , Xupp -

The probability'level‘for variables entering or being
dropped from the MLR equation was 0.05. |
Fbr the"HCT as the criterion the following equation, in
'standgrd scoré form, resulted from the étepwiée prodedure:
5 . ‘

“Xger = 0.49 Xp30 + 0:24 JweT %p30

The squared ﬁpl;iple co;relation coefficient for the -///
équat;on was equal to 0.47, F(l, 136) = 59.9, R'< 01, '
For the LCT as the criterion, the following standard
score eduatioﬁ resulted:
rer = @-61 Xp3o |
the squared multiple correlatioh coefficient was equal to

. . X

0.38, F(1,137)= 83.9, p < .0L.

- -



For'the'DDT.es the criterion, the following standard
score equatlon resulted. | q'_ | e

X -oszx

DDT P30

..\

The squared multipie correlation coefficient wWas equal to
- rha -4 .

0. 38, F(1, 137)= 85.2, E«( .01 . . . °

For the scores on. the LCT and the DDT the P3O emerged

from the stepwise procedure as the only significant
predictor ig each case.

B

For the BCT, two quadratlc terms were each significant
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predicﬁors, The two terms were the squares of scores on the

P30, and the product of scores on the P30 and the HFT ?he.

MLR equafion shows that the P30 1s the domlnant elifent in,

that a person whose score on the P30 is zero would have a
: : L : s e
score of zero on the HCT, regardless of HFT perf%rmancgu

For zero scores on the HFT, lncreaslngly hlgh scores on. the

P30 produce even larger increases in HCT scores.c For zero

" scores on the P30, zero scores occur on the HCT regardless

of .the si:ze oﬁcﬂFT_scores,-accordlng to the predictlon

equatlon.

(3

The followxng partlal derlvatlves of the HCT predlctlon

vequatlon w1th respect to the P30 variable and the HFT varl— ®

-

able enable the relatlonshlps to be observed more clearly:

O X,
HCT _ :
P30 :
OXyer = 0.24 X, o
-24 Xp3g -

2>XHFT
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since the rate of change of HCT scores with rospect to
fchanges in HFT soores is directly proportibnal to P30 ‘
scores, while the rate of chehge in HCT' scores with rsspect
;to P30 scores is directly proportional “£o" P30 scores plus a’
linear factor proportional to Hﬁt .scores, a median split of
the sample based on P30 scores_weuld show,qreater Qévergenee
_in HCT scores than weuiava median split of the saﬁble‘besed .
oL .~ on HFT scores. If the meaning of ‘the P30 is generalized tc _
‘be COnSLQered a measure of ability in the . dlscipline, and
ﬁ: the HCT is taken to mean a specifxc performance w1th1n the '
dlscipllne,vthen the followxng highly speculatlve hypothesis‘

results, Medlan spllts based upon ablllty .are more effect—

inguishing between spec1f1c,perfo:mances than

dian:snlits based upon field independence; Sych an

ypothe is is in agreement with the finding‘that engineering

es wkre 91gn1f1cantly predicted by an academlc aptltuag

'_test and not by a field independence test (Brilhart and ,4
Brilhart,’ 1971). The hypothesis is not contradlcégd by the
find;ng that seience achiévement of nlnth year studentS'wes
siénificantly predicted'bf.a field independence teat even‘
though ebility,was_contrelled becanse'en}y the,extreme:‘

. thirds of‘tne sample baseé upen the' field independence -, o
scores'were considere& in the prediétion (Bowies and Boss_,'~

1974).

4
. S

Summary of ‘the Results and DlscuSSlon

The strong assoc1at10n of the three assessment context

tests with phys;cs‘achlevement was statlstically signiflcant



canonical correlation and by MLR analysis.

as ehown by zero order cor;elations among the variable-, by

' Such a reault

‘had been predicted banqr upon the:common p ysics content of

;the asseasment context tests and the achiev ment measure. .

' Breadth of categorization was found to ﬁe unrelated to

any of the assessment context measures, althoUgh zZero cor-

. {
“relation coefflcients signlficant beyond the..OS level were

observed betweeén the CWS and each of the ablllty measures.
In the MLR analysis the CWS aid not improve the predictlon
of any of the assessment context tests beyond what was . .

ssxble from the ability measures and physics achlevement.'

c culation of the multiple correlation coefficient for each
Jf the three assessment context tests, thevﬂcg?ithe LCT.and
the DDT, with_ the SCAT-V, SCAT-Q and the P30 as predictors

yielded R2 values, r? turn, of 0.41, 0.39, and 0.37. " Re-

calculation of the R2 for the HCT, LCT and DDT with only the

P30 and CWS as predictors yielded_values of 0,40, 0.38, and

"~ 0.36 respectively. Finally¥vR2 values for the predictiqgp of

the HCT, LCT and DDT fron'the_P3O alone yields, respective-

'ly, 0.40 0. 38, and 0.35. AThe cohparison of the three sets

- of values rEVeals that the CWS is not quite as effective in

conjunction with the P30 as are the SCAT-V and,SCAT-Q with

the P30 and furthermore that the addition of ‘the CWS im->

pro$§§§prediction of the assessment context tests minimally
. ‘ - : . \' » . . . )

over what is possible from the P30 alone. Hence, whatever

overlap exists between the ability measurés and the CWS, the

200
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overlapping part is not effective .in predicting achievement
- on the assessment context tests; if it were, approximatoly
equal impr?vements in prediction would have resulted from
the addition of the CWS or the SCAT-V and SCAT-Q to the P30
in thé‘MLR equation,
. The features which dist1ngu1shed the test high in
asséssment context, the HCT, from the tests low in assess-
. ment coﬁtext did not legd to the predicted relationships
. among thexvariénces of thé three tests. After the effeqts
of phy81cs achlevement were removed, the partial éo;relation'
.coeffiC1ents between the HCT and each of ‘the LCT and DDT
" remained significantly pOsitive, suggesting the presence of
important sihilarities among thé tests beyond that attribut-
able to the phy51cs content. For the HCT and the LCT the
partial correlations could have been due to their sxmllarity
in the verbal, multiplevch01ce form;t and in their items
having been intermixéd as part of a single test. But fon
the HCT and DDT the similarities did not exist; the'HCT was
verbal, the DDT‘diagrammatic; the HCT was administefed at
"one time, the DDT'aHQeék later. An association of random -
variance of the HCT and the DDT may be the cause of. the
| partial correlation.. The K-R20 re1165i12piesoof,the HCT,
LCf'énd DDT were, réspectively, 0.49, 0.56, 0.61. Thus
considerable random variance e#ists for each variable.
It is, however, also possible that the Sig;ificant

pargial correlation. between the HCT and each of the low

context tests after the effects of physics achievement were

a
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removed may be due to the<failure;of'§ssesgment context to
provide a bhasis on which~tp.discrimina;e between -tests. Con-
ceivably the differences in the assessmént context Qf the

.

tests were not great endugh. The differences could have .
been ingreased by increasing the redundancy of ‘the essentiai
informatio%@in the HéT itgms, by incfeasing the irrelgv;nt
information in the LCT and DRF items qr by providing four or
five different physics concepts.among the response alterna-
tives of tﬁe ECT. Whether such changes in the items are

- feasible withdut making the items unduly long or awkward
remains an open‘question;

Fiéld ‘'independence, as assessed by the HFT, was found
to have significantly positive, p < .05, zero order correiaj
tion coefficients with the three assessment context tests
and physics achievement. In the canonical analysis the
fffst canonical correlation was interpreted as being pr%mar—
ily due to an association of physics achievement .between the
two variateé; in additioh the magnitude of the correlation
between the HFT and the first predictor variate was 0.42
suggesting the importance of the HFT for predicting physics
achievement. Multiple linear regr?ssion calculations for
predicting separately each of the asse§sment-context tests
revealed that the HFT added significantly to the prediction
of the HCT beyond what was possible f;om physics achieve-
ment and verbal and verbal and quantitative ability. The

HFT did not however similarly improve the prediction of the

.
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LCT and the DDT.- Since the. HCT was the one asscllmeht coné

" text test constructed accordinq gg.th criteria for a good

classroom test, field independenpe appeared ‘to play a role

in the prediotion of physics achievement as assessed by a

multiple choice test constructed according to acgepted

cedures as outlined, for example, by Ebel

varles within each item.
An hypothesis which is suggested by.the
results for the prediction of the assessment context tests
from the HFT is that where fine distinctions must be made
amongithe dominant elements . in a test situdtion the more
field independent person has a deci‘d‘ advaontagel-
Exploratory analyses or a MLR equation employin§ sgcond'
order quadratic and product terms among the predictors
yielded no information on the prediction of the LCT an&_the
DDT beyond what was obtained in the course of hypothgsis
testing. For the HCT, however, the foilowing prediction
equation emerged: v S . o o R
Xgor= 0.49 xf,w + 0.24 Xpy0 Xppoo | "

The equation indicates the dominance of the P30 with pro-

' gressively hiéher P30 values producing progressively larger.

increments in the HCT, and with the‘HFT Opefating in con-
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junction with the. P30 to produco .v.n larger 1ncr¢mont| in

- the HCT than would occur from incromontl in the P30 \?nc.

The oquation implies that 'field indopondonco, although gola-

ted to the test high in allenlmcnt context, would not b& al'-
dilcriminatory in predicting performance on the al-ollmont o

context test as would the physicn achievement telt.
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" CHAPTER 6§

SO * .

CONCLUSJIONS AND RECOMMENDATIONS _
The present chapter includes an overview of the

purpose, hypotheses, method and rosult-iof'thc study. The

implications for science oducation'ana for fu&ther research

are present as well as the limitatlons which must be

bconlidered n interpreting thd results of the study.

Suﬁmary T .
Pux:p__ose. The purpase of the study was to examine the..
assessment context of test items in relation to physies
achievenont and tuo cognitive style variablel, nancly. "
extent of. field independence nnd breadth qp cateqorizati;;.
The assessment context of test items was postulated as an
item property based on their similarity to certaln ‘charac-

terlstics of conventional test items in contrast to’ real-'

life- sltuatlons. Assessment context was operatjonalized by

the construction of physics tests varying in assessment

context. The criteria for dlstlnguiihing between 1tems hlgh

_or low in asseSsment context were:. amount of redundancy of

the essential 1nformat10n in the 1tem stem, the presence of
1rrelevant data in. the item stem, and the number of differ-
ent’/concepts among the reSponse'alternatives.- The relation-
shlps between assessment context and ablllty and hchievement
variables were 1nvestxgated for a sample of grade twelve
phy51cs students Furthermore, assessment context was

studie in relatlon to the cognltlve styles of extent of

1ndependence and breadth of categorlzatlon
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Major hzggtgéngg, In order to accomplish the .purpose
of the study a qﬁostlon‘to be answered is the following one.
Is the alieiaﬁont contokt property of a‘te-t item oi import-
ance in the rdoponlol ot'-tudentn to tho item? 1f lll.ll- '
ment context 1- ‘indeed a’liqnificant factor in the varianco
of achievement tests in, for examplc,_phy-icl, then a phys-
ics test with items whieh are hiqhkin assessment context
:-hould not have lignificaﬁt vnriance‘in common with a phys-
1c; tolt with xtoml-iow 1n aiiesement contht onae t?‘f
| effectl;dtttibutablo to kndwlone of phylicl are reﬁoyed.

In particular, the following hypothosi- was tested.

within ; qiven4dilciplinary field, two achicvemont'
tests which contrast in the*hllessment context ot their
;tem; are Aet expected to be significantly relﬁéfd once the
effects of knowledge of the discipline are removed.

Test items which are low in assessment context were o,
postulated to contain htiiairrelevancies and potential hiats ‘
at dlverse expianations n are contained by items wh@éh .
are high in assessment context. The pafticu;arﬁbits ot
information which are selected by the persoe}reeponding to

the items and the distinctions made between’alternative

avenues of explanatlon may be related to the individual's

o

breadth of cateqorlzatlon. Breadth of qategorlzatlon may he
i - i

defined in terms of the number and type of properties of

objects or stxmull the individual utrilch 1qrport1nq a

-» . ’
collection of ob)ects or in rating sxmllaﬂxtxcs amon«g

- /



stimuli. 1Insofar as th‘ irrolgvanciol,and“divornofhint¢~ln
test items may be compared with the number and types of

properties of objects or‘:timﬁli, the literature on breadth-

of categorization suggested the following hypothesis:

Broad categorizers are likely tp have the advangage
over narrowver categorizers in responding to 1timo

1low in aseessment context but not ‘in responding to
® ~

items high in assessment context.

Extent of field independence refers to the ease with

which an individual is ahle to overgcome an embedding context

in a perceptual-conceptual cognitivehﬁalk. Persons ﬁ‘vinq a
high 'ddqrcc of field indopbndcaco‘{u readily able to over-

come embeddedness such as is‘required in locating a simple

~geometric pattern within a complex figure. Extcnt-of‘fiera

independence might be related to achievement on the assess-

ment context tests because low context items have present 0
irrelevant data and diverse cogcegt’ among the response
alternatjves while the high coﬁtext itemq do not. The
features’of low context items appear to require the“réspond-
ent to select specific subsets of the item data and to look
for égreement between predictions from the data subsets and
the various response alternativés. Insofar as the sélegxing
of data subsets and examination of response aiternat s are

—

similar to overcoming embeddedness, the more field independ-

L4

ent persons may be expected to be at an'advantaqe in -

tesponding in test situations which are low in assessment

207
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context but not‘inAsituations which are high in assessment
context. Thus the following hypotﬁesis appearé& to be

nted: N
b ™

war
lgwﬁxtent”of Field independencﬁ is signifiéantiy
- .positively associated with performancé on tests
low in assessmeﬁt context bfit is unrelated to
achievement on ﬁeéts high in as;essment context.
Method. 'Two physics tests were prepared. One test of
40 items was multiple choiceqconsisting of twé/subtests.
One subtest had items high in assesséent context ané the
other with 16@ conééxt items. The other test was construc-
ted of 20 diagrammatic items having minimal vérbal content
and free response format. The test with diagrammatic items

was considered to be a test low in assessment context.

In the construction and judging of the assessment

context items the following three properties were consider-

ed: 1) the redundancy of the essential information in the

item stem, 2) the gxtent of irrelevant information in the.

item steﬁ, aéd 3) the diversity of concepts among the

’ responsé alternatives for the test it?m. The physics items
constructed for the study were rated high in éssessment

. context if they contained two or more examples of redundant
physics information, did not contain irrelevant physics
information in the item stem, and had only one physics
concept among ‘the respéﬁse aiternatives.

e

The sample for the study comprised 144 grade 12 stu-

dents of Physics 30 from three high schools in Edmonton,

Tw
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Alberta. Besides'ﬁhe diagrammatic test of items low in
aésessment context and the testtconsisting of s;bteStS»of
items high and low in aasé&ssment context, five other:tests
were administered. The ééditional five tests aSsessed
. verbal and quantitative ability, extent of field‘independ-
ence, breadth of caﬁegorization arfi physic¢s achievement.

Canonical‘cérrelation was used to assess overéll
relationships among the assessment context tests as criteria
‘and the gremaining five tests as predictors. Partial
correlation was emploYéd to calculate the strength of
relationships among the assegsment context testsg -nd mulﬁ
tiple lineér‘reqression analysis was used to .- lirnsate
asgociations between eéch éssessment context te=zr as c;iter—
ion and various combiéations of predictérs. |

Results. The hypotheses on overall relationships be-
tween the gssessment context variables as Criteria and the
ability variables, physics achievement, extent of field
independeﬁce and breadth of categorization as predictors
caLled for significant first and second canonical relétion—
shiés. The strongest association between criteria and
predictors was anticipated as due to the physics content of
the context tests and the achievement measure and with the
ability variables also contfibuting to the association. The
anticipated relationship obtained, p < .01, with the three
assessment context measures and physics achievement beiné

the most important contributors to the first varjiate.

209
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The second canonical correlation was;anticipeted to be"
slgnificant because of'linkagee betdeen the low assessment
context variables and the cognitive style variebles; How-
ever, the expected"resultlwas not found, p = .4; The fail-.
ure to substantiate the hypothesis coul; not be attrihuted
to the overwhelming strength of the first canonical rela- .
tionship based‘mainly on the physics.content'since less.than
50 percent of the variance of the criterion varlables or
predlctor vaﬂgables was accounted for in the first canonlcal
correlation. The nonsignificant magnitude of the second
canonical correlation sugéeets that-field independence and
breadth of ‘cateqo izetion are not-related‘to the assessment
context variable independently of physics'achievement;

The second set of hypotheses of the study concerned the
relatlonshlp of the test high in assessment context and the
ability, physics achievement,'extent of field independence
and breadth'of categorizetion variables. It was hypothesiz-

ed that the prediction of the high context variable is

-improved significently upon the eddition of physics aChieve—e t

ment to the ahility predictors but not significantly'tmp:oo-

ed by the fnfther addition of the cognitive»Style”veriahles.

The results of the multiple-iinear regression test showed' ‘
-

that physics achievement wes indeed significantly'relateo to’
the. high context variable. Such a result was not surprisiné
because of the underlying physics content of the a§sessment

- context tests. However, the anticipated null result for the
- . .~"
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addition of the eognitive style variables was fot achieved
for extent of field independence. The field independence
variable significantl; improyed,'g‘< .05, upon the predic-
tienlofithe high context.variable beyond that which was
possible>from physics achieﬁement and thevability variables.
u!l?thlpated result was 1nterpreted to mean that there
is a pg;ceptual -conceptual ablllty associated wlth the
overcoming of an embeddlng context which cgntrlbutes to’
sdccess on tests of physics which are high in assessment_

context, that is, which are tYpical of conventional class-

‘room tests. Further ihterpretation is possible;in the light

of the results of hypothesee~concern1ng the predictlon of
the tests low in assessment context

The hypotheses on the predlctloneof the lew'conte#tﬁ
tests'cailed forbimpr0vement'in prediction of'each upon the
addition’ of the physics achievenent‘variaSTgl" Eurthermore,.
extent of_fieid independence was expected:to improve the
accuracy of predlctlng ‘both the multlple choice subtegt and
the dlagrammatlc test. However, 5readth of. categorlzatlon
was expected to improve upon the predlctlon of only the

multlple choice subtest. The results of the tests of the

"hypotheses confirmed the effectsaef the'physics achievement

variabie. The sqbsequent‘addition of the eognigfve style
variables improved the predidfion neither'og»th
choice subtest nor of the diagra tic test.

Extent of fleld 1ndependence whlch was ant1c1pated as

multiple

belng p051t1vely related to success on the tests low in

.

b
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'assessment context bu't unrelated to the high context test

was found to kehave in an. oppo§1te manner. It must be ré-.

emphaslzed that the low context 1tems were consldered to
resemble the. nebulous real 1‘%: situations whi}e the high
context items were examples of conventionalAtest'items. The
pattern of results for the fleld 1ndependence varlable may'
be 1nterpreted to mean that field 1ndependence plays ‘'a role
in‘the"way physics is taught and learned in most classrooms.
. The tests low'invassessnent cOntext possessed features which -
seemed to plac& a prenium upon the abilities to_secure-an
overV1ew of the 1tem, to seléct subsets of the‘data, and to
locate the response alternatlve whlch conforms to the
conclu51on obtalnable'from the data subset. The abilities
just c;ted appear 51m11ar\to those possessed by hlghly fleld
lndependent personsf Yet extent of fleld 1ndependence was
not predlctlve of . success on the low context tests, wh;ch ‘
~may be 1nterpreted to mean that degree of field 1ndap&gdence
,does not ‘make 1ts 1mpact felt because of the type of test
item. That is to say, ‘the perceptual-conceptual requlrement.
in respondlng torthe test-ltems ‘does not have much impact on:
vsuccessvon the test,,at_least insofar as‘the perceptual;
_conceptual requirements related to field independence are\'
concerned. P0551b1y the minimal effect of the. assessment
context of the 1tem is. due to a decidedly conceptual
'requlrement and a small perceptual component in the Tespond—

ing process. I
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if the failure to substantlate the hypotheses otthe‘
. impact of the cognltive style variables in the low context.
sltuatxon is taken to mean that the assessment context of
items'does not affect the performance of indiﬁidﬁals of
varied cognltrve styles, how 1s the lmprovement in predlc-,
‘tion of the hlgh context ‘test by the addltlon of the fleld
1ndependence variable to be 1nterpreted? The answer might-
be that in some way a hlgh degree of field 1ndependence goes
along w1th a good ablllty to learn physics. .
Prev1ous studies (Bowles and Boss, 1974 Barrett"ané. v
Thornton, 1967) have ‘indicated that highly fleld 1ndependent
personf are high achievers in science but have not explained
whether the superior achievement came abont in the learning
of the sc1ence or- ‘in. the assessing ofithe achietement} The
'null resthsgfor the predlctlon of.achieﬁement on the low
‘context tests of the present study imply thatkhighly field
independent persons do not have an‘adVantage in responding
to test items having features which seem to require complex
respondlng processes. .The inference may'then be made that
.the higher achlevement of the.more field 1ndependent persons
on the test high in assessment context and 1n sclence
lBowles and Boss, 1974) and ‘engineering courses (Barrett and
Thornton, 1967) is indeed due to factors involved in the
.learning of the science concepts. - éuch an inference also
seems to be in agreement:with'the finding'(Witkin, 1972)‘
that highly field independent persons tend'to select nany

N



A} ‘_‘ ' " 214
optional science and mathematics courses in high school.
'«Conclusions. The concept of the assessment context of

test"iteﬁ@;has»been.presented‘and investigated.‘ Derived
from an analysis of the characteristios'preeent in realelife
ptoblem gituations as compared wlth the problem presented in
conventlonal classroom tests, assessment context s“me to
“provide a ba81s for assegslné the. appllcation-to llfe objec-
“tive w1th1n the limits of the classroom., Furthermore the |
1€§y of assessment context has been operatlonallzed so that
1tems 1ow in assessmentvcontext, that 1s, sxmllar to the
real-life’ 51tuatlon may be generated The need to be able
to generate appllcat;on items from operatlonal definitions
has been emphasﬁzed by Bormuth (1970). The availapi;ity of
..rules to operationalize the process of‘writing appigoation;
items may be viewed as complementarylto thelmethods{for |
wrltlng comprehen51on items (Anderson, 1972). -

The investigation of assessment context as applied to’
~ physics test items has soggested that tests compriSed of
-items low in assessment‘context may be*construoted'having
'difficulty levels and content validities‘comparing favorably
w1th conventlonal classroom tests. Forthermore, the cogni-
tive styles of breadth of categorlzatlon and extent of fleld
;ndependence do not appear related to achlevement on the lowl

.context tests. . . R 1

Implications for Science Education

1. The assessment context 6f test items has been based upon

-

©



an:analysis of rne'characterietics of out-of-school .
problem sitdations'asicontrasted\#ith tHe questione
@osed in.conventionai test items. items classified as
~low in assesement context seem tcrhaveYa_lodicel
validity for assessing the student's capability in the
‘real-life situations whereae.high_context cea;,relative-
ly little resemblance to the characteristics present in
such sxtuatlcns.‘ The concept of aslessment context
therefore provides science teachers=w1 n.a new.ba51s for
judging test items. - As operationalized rn the‘present
‘'study, the assessment context of a science test item
can be classifiedras low, high, or middle—valned in
assessneng conrext. Although items in physics heye ‘
provided the basis for'developing and studying assess-
ment context, the basic criteria could readlly be appli-
‘gd“;n other areas of science, or, in non-science fields
for that matter. n .
Application items, as defined by Bloom (1956), may
be‘prepared readily by Writing items low in’assessmedt\
context. The "new slant" for testing applicarion
(ﬁioom,'1956, p. 125) can be provided by altering and
‘enlarging the background of 1rrelebant information in
which the necessary data is presented in the item stem,
and by‘increaSing the number of concepts among the var-
ions response alternatives. Ultimately however‘the fuv

value of the assessment context concept cannot be

4
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realized until further studies have been done to
measure the empirical validity of assessment context.
The empirical vaiidity will have been demonstrated
when high achievement on low context items has been
shown°to'accompény eﬁfective solving of real-life>
problems having the same underlying knowledge require-

ment. Concommitantly, ability.in solving real-life

.problems must be shown to be less closely associated

with ability in-solving high context iteﬁs than in
solving low context items. .

In order for a physics item to be low in assessment
context: irrelevant physics data must be. present in the
item stem, and two or more physics concepts must be
present among the response élternatives. However, the
presence of the precedieg features means that the items
are less than adequate as examples of "good” test items.
Ebel (1972) has stated that test items shouid not ,
contaiﬁ»“wiﬁdow dressing"- and irreievant informetion.

can be construed as'Such Furthermofe, the verb of the

sentence contalnlng the response alternatlves or ]ust

preceding the response alternatives should be #n the

item stem, yet the multiple physics concepts among the

response alternatives often demand different verbs for,

- different alternatives. The nonstandard'featuree of

the low context items did not however appear to impair

the criterion validity of the items since the low con-
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'text tests were at least as highly correlated_wiﬁh'the

physics criterion test as.was the high'contex; test.
Furthermore, the reliabilities of the low éontext tests
were at.least as high as the high context test. The‘
psychometric properties of the tests low in assessment
context suggesf that adequate‘criteribn-validity and
intérnal consiskency reliabi;ity may be.achieved in
tests consisting of iteﬁk low in assessment conte#t:
The reéuhts of the present study suggest that breadth
of categorization is not related to physics‘acbievementi
or to testing formats varying along the assessment
context‘dimeﬁsionh,“The literature on the nature of the

categorization of objects according to classes estab-

lished by the individual implies that breédth of catea-

gorization mayube relevant to the capabilities of

children in the concrete operatiohs stage of develop-
ment; waever, studies of the relationship do not
appear to exist. ~

The connection of field indepepdence with ph&sics_
achievement and assessment context isnlegs clear than
that of breadth of cafegorization. Highly field inde-

pendent students exhibit superior performance in science

"and mathematics although the reporté in the literature

do not always agree on whether or not the positive
association is statistically significant. Doubt remains

as to whether the positive assocjation derives from
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factors present in the achievement meaiuremeq;‘procell,
the teaching-learning activities in science and '
mathematics, or a pre-existing aptithde fqr‘scienée_and
mathematics of highly field'indeéendent persons. The
results of the present study indicétepthhﬁ‘ghd positive.
association ﬁayrbe related té'the charadteristiés 6f
the measurihg,instfument, at least fd; physics, since
fiel@ independencevemerged'as a sigﬁificant predictor .
of the High CQntex: Test but not of the"Low Context | A
Test and the Discrepancy Detection Test. The literature
suggests thever, that the positlve associatian may- be
'related to the methodiof instruction. Given the possi-
bility that measured.pbyl&ésmachievement may be related

to extent of field independence as well as to knowledge

of physics then, in fairnéés to all stddents, teachers

should rémember Nedelsky's (1965, p. 104) ddviCe'with

respect to testing; pamely, a range of item types is
>, .

likely to be fairer than réT}ance upon a sihgle tyée.
The instructional counterpart of‘Nedélskyfs advice on
testing would be: The fairest apptoach;is to employ a
variety éf instructional methods rather than to'rély'
upon é single one. The preceding récommendation
recoghizes Eﬁat Mesgsick's (1970) claim that cognitive
styles play unknown roles iﬁ schools is yet valid, at
least for field independence. Therefore, the guidance

of students entering senior high school info particular

.
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_course pnttcrnl based upon mealur-d fiold indopcndoncc

would be prematuro.

ications for® Furthcr Research

urther ith-tigation‘of the contention that the low

‘context items bear a clbser roiemblahcn to real‘life

applicationa of knowledge than do high context items
1: requirad to assess the empirical validity of the .
claim, The continUed stres: in the science education
literature on the importance of the application-to--
life objective emphaszzes ;he need to be ab}g to
assess aéhiévement of the objecti&e while sthdents are
in school._ ) “ " C

The nature of the relationship of breadth of categor-.

ization ‘and quantitative abllity requlres eluc1dat10n.

-The original 20-item scale for assessxng breadth of

categorization was. found to be bifactorlal, with one
factor positively assoc1ated with quantitative abi{ity
(Pettigreﬁ (1958); Howeyer, Messick and Kégan (i9é§5"
found ‘'only the other factor to 5e related to quanti&a-
tive ability and then only for ability tééts with
wide-spaced al£ernatives. The 10-item abbrev1ated form
of the scale,\;he CWS, was found in the Present inves~
tlgatlon to be siinlflcantly assocmated 1th quantltaf
tive ability. Beding able to generalize about the -
relationship §ould ha&e benefits for understanding.the
way students approach problems involving quantifatiVe

calculations.
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ired to-clarify.thd passible

'relati 1ndcpqndcnco and the lcionco

achiovemqnt mcacurqmnnt procegs. The claritication is
requir.d lest the achievenment moalurcmont factors be-
confounded with instructional method: factors in the
overgll relationship of science per formance and field‘
indeg’ndence; Reports in the literature suggest that
field inaependence ghd echievcment in meﬁhematic; F“d.'
science‘are.aeieeiated. The results of the ‘present ' .
1nvestigation showed that extent of field independenee
improved the prediction of achievement or the High

Context.Test but not'on the Low Context Test or on the
_ . . :

’ Disérepahcy Detection Test. The findings imply that

the associatioh may be due tb factors present in the

. measur'ement process, at least in the measurement of

‘achievement in .physics.

The relationships ahong the various tests of field inde-

_pendence need to be studied further. Taken together

the results of many reports from the literature on I °

. field 1ndependence suggested that wlth adult sub]ects

sex dlfferences 1n field 1ndependence are found’ wlth

~the Rod and Frame Test but not with the Hidden Flgures

Test. Furthermore, field lndependenge in~not often
found related-to general 1ntellectual abilxty when. the

Rod and Frame Test measure ‘is xnvolved but ‘a slgnxfi—

cant p031t1ve association is frequently found when the
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Hiddcnviigurol Test or tho Embedded Figures Test is
used to assess fiold independence. It is possible that
N the pattern outlined is due to sampling factors. What-
.. ever the cale a deeper undorstnn%ing is required of
fielad 1ndopondence and ‘the méasures used to assesy Lt.
5. Diagrammatic items for assessing phy-iCl lchiovomont
need go;be explored further with ;ospect to validity and
efficidhcy. Diagrammatic items comprised gh- Discréap- '
ancy Detection Test of the present study and the Test - ,
was as :ﬁah&leOtrolated with phy.ics.aéhievement as

©

were the verbal assessment context tests. In ad&ition
ﬂ/,-_;sss time per 1tem was ;;Luired in, responding to the

diagrammatic items as compared with the verbal items.
6."Studies similar to the present one are desirable in the
other sciences and in mathematics. High and low assess-
ment items couid Be pushed tq greater extremes in
assessment context and the subject matter contqpt could
cover a moreAlinited range of concepte. Tﬁe more
limited range would enable‘the tests to be aeministered
‘Qerlier‘in the school year and the‘qreater extremes of
assessment context tests should provide‘clearer evidence ///

-

of the role of assessment context.
L ]

Limitations of the Study
The method of'the study was carried out within certain
llmltations whlch must b’ conSLdered in Anterpretlng the

flndlngs, The assessment cantext tests were restricted to

a e i

1]

.f



0

222

lengths of 20 items each because of limits on the amount,of

class time which could be spent on testing.” The shortness

2

of the tests tended to make their reliability less than is
desirable. Another llmltatlon within the study is 1n the
amount of diffeyence 1n assessment context of the items of

the LCT and the HCT. The differences could have beenu

greaterz but were not, in order that the studente would not s

become aware that the LCT items were strange or unusual.
" . L .

One of the distinguishing points of assessment context was

that items of the LCT had t9 contain irrelevant phy51cs

information. = If only‘oﬁe-datum of 1rrelevant 1nformatlon
was present the criterion was considered met, but the
criterion could have'been changed so that, for example, five:-
bits of irrslevant physics data were required. Similarly,
the requirement that low context items had to contain more
than one physics concept among the response alternatives
could have been changed to require more than three physics
concepts among the response altefnativesh However, the -
forcing of more extreme requirements into the items of ‘the
LCT would probably have made the items longer than the HCT
items and have made the low context iﬁems noticeably differ-
ent 1n tH; eyes of the students thereby inducing unpredict-
able response styﬂes.

The Discrepancy Detection Teet, the DDT,‘is a’ test of
unproven qu;Zity While other diagrammatic tests have been

used 1in phys:\s they are multiple choice, not free response

N
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as is the DDT, and they“dé‘ﬁSf'ggk the student, as the DDT

—

does,’to lobk for contradictibons between what is portrayed‘

in the diagrams and what is to be ‘expected based upaon- a

knowlé&ge of physics.

Inherent in the use of canonical correlation and
multiple linear regreésion equations is the danger that the

optimiZation calculations may capitalize on chance factors

(Meredith, 1964; Cohen, 1968; Draper and Smith, 1966;

Cooley ana'Lohnes-, -1971). The danger is especially great .

where the sampling of students and achievement test items

are non-random as in the present study. >Pchedures'followed

to minimize the effect of chance factors include the inter-

pretation of the canonical correlations in terms of the
structural coefficients rather than in terms of the factor
Jeights for each'variable. In addition, ‘the redundancy |
index of Stewart and Love (1968) for descyibing the effi¢4
iency of predi¢ttion of the canonical variates is ag index
thch considers all of the predictor or critefion variables
together and which therefore avpids placing empﬁagis on
idiosyncrasies associated wigh any one variabl®. The mul-
tipie linear regression eow»tibns have been interprgted in
éerms of the mu1£iple correiation coefﬁicients rather than
with respect to the wéights applied to particuiar variébles.

In spite of the precautions outlined above, it must be em-

phasized that the student sample was not a randomg%ne, and

| 223
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that confldence in multlple‘llnear xegre551on and other -
optlmlzatlon technlques comes by repllcatlon rather than by
reducing the*acceptable leve1 of prohability of a‘type one )
-errot. '
Because of con51deratlons 1nvolv1ng the schools, the
tests were not administered under a CQunter~ba1anced plant St
" Hence, certain sequenciné effects may have been preseht.
Another limitdtion of the study is in the assessment of .
extent of field 1ndependence by means of a single 1nstru—
\\Qent. Because of apparent 1ncon51stenc1es in what is meas-
red by sgveral of the 1nstruments for asse551ng field
1ndependence, Vernon (1972) has recommended the administra-
tion of a small battery of tests 1nclud1ng the Rod and
Frame Test, the Embedded Figures Test, and the Draw A Petson
Test. Presumably the flrst pr1nc1pa1 component of the
battery would be accepted as the estimate of the field 1nde-‘
pendence construct. The disruption of student school
schedules wh;ch results from the admlnistratlon of individ-
uval tests made unfeasible the follow1ng of Vernon's sugges—
tion for the present investigation and forced reliance upon

the group-administered HFT as the sole measure of extent of

field independence.

®



Testlng Service.

 FOOTNOTES

-The Hldden Flgures Test has not been presented in

the report at hand at the request of Educatlonal

1

<The'Category Width Scale is preSented in appendii'F

The Physics 30 Test has not been reproduced at the

request. of the Alberta'Deparement-of Education.

,gi‘_
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INSTRUCTIONS TO READERS

'

Please read the enclosed "Instructions for the Evaluatio
of Item Context". ’ ' : ;

Rate each of tﬁe 40 items on the three contekt variables
described therein, and record your rating of each one be-

'side the appropriate item number on<the enclosed "Rating

|

Sheet”™.

o
P

[

Beside each of the test items wpyite "Valid" or "Invalid"
based upon- whether or not you considgr the item éahples
content of the Physics 30 Course studied by pupils. Any
comments on possible ambiguities, or other notes which.

you might make would be appreciated. N

ey
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oo o
Introduction ' : .

, For purposes of a study on the relationship of testj
item'prOperties and puplil pepfo:mance, the term\"item,con-[
text" has been defined. | ‘

g In order to. provide data for assessinv the validity
of "1tem context” you are asked to read the explanetion of

it which follows, and to rate a series of items as being high

or low in "ltem.contextﬁ sometimes referred to in terms
of "context value". - . _V .
'Explanation T e :’QEQQEQF

The_cohtéﬁ . 7 ...of a multiple choice item is re-“ .
" lated to the following properties~ (1) the ‘amount of redun--
dancy in the information essential for correctly solving the
1tem, (2) the presence of informstion in the item stem which
is irrelevant to solvihg the item, and(3), the diversity of
~ the concepts to be found among ‘the various alternative Te~
sponces provided in the item. ' ' :
Redundancy of the essentlal informatlon in a tesﬁglsem
is .evident when a dlagram is used to repeat informatlon given
verbally, or when excess information is provided by repetltlon
of concepts by symbols, or by naming ithe orlglnator of a-law
of physics as well as stating-the law% or by providing measure-
ment unit nsmes: as well as the names of the quéhtities being

measured. Con31der the following contrasting examples:
A, Newton s second law states that a mass of (M) kg will
~  ‘sccelerate at (a) m/sec? when acted upon by an ac-
celeratinge force of (F) newtons. If the force is in-
-creased to (2F) newtons, and the mass is decreaged to
(¥M) kg, the acceleration will become
1. (4a) m/.,ec2
2. (2a) "
3. (a) "
4, (¥%a) " ,
&, (Ka) " . N\
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B, When a mass is acted« pon by an unbalanced force, it
will accelerated. ™ magnitude of the acceleration

is directly prOportional to

1. the mass ‘and to the force

2. the force and to the square of the rass . R
3. the mass and inversely proportional to the-
_ force : , R
4, the product of mass and force - :
B . 5. he force and inversely proportional to the -
miga.. -

_ Essentially the same tn:ormation is conveyed in A and in B but
with less redundancy in E.‘ Item A" would be rated hlgher in @
context value than item B, .. ‘ ' . - . -

.The second element which affects context value is mhe
presence of informetion irrelevant %o that required for solving
the item. then irrelevant information is present in an item,

the Mtem is rated. as low in context value. The following items
illustrate the presence om absence of jrrelevant information:

' C. A wooden cube has a mass of 1.0 slug. The cube is

1.2 £t on- eadh edge; its specific gravity is 0.29.
An unbalanced force of 10 1bs accelerates the cube
- through a distance of 20 . ft. The acceleration of
the cube is , : &5 e
1. 287 ft/sec® DL
'_2. 0 S ~ | N
2. 0.31 * _ : S TN
4, 200 " A

D. A mass of 1.0 slug is acted upon'by an unbalanced - ° 4
force of "0 1bs. The acceleration of the object is '

1, 100 ft/sec® .
2. 10 n’
3, 0,10 "

4, Mone of the abowve answers.,
: [
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Item C would be rated as not containing only information es-
sential to solving the item, wherea& item D contains only
information; possibly redundant information, which is needed
for ansvering it. ' :

The third property on which item context depends is the
diversity of coucepts presented among the alternative responses
to an item, If all of the resronses to an item are related to
the same concepts; for example, all kinetic energy amounts,
the item is. of higher context value than if each of the al-
ternative responses demands the consideration of separate con-
' cepts. The following items are provided for comperison-

E. Two objects, one having a mass (m), the other a mass
, (2m), are simultaneously released from the top edge -
. of a tall building. By the time that each mass has

fallen 50 ft, the larger mass will have :
1. a kinetic energy 4 times that of the smaller

2. " " "™ the same as " " . n
3, " " " % T mon n "
. 4; " o . " ' n on . n 1] . D e

F. Two objects, one having a mass (M) and densitj (Dj),
the other a mass (2M) and density (Dp), are simul-
taneously released from  the tor edge of a 100 ft high

"building. By the time the two masses have fallen
50 ft, the larger mass: will have ‘
1. the same kinetic energy .as the smaller mass

2, " " - momentum "em "o =
3. " " net force acting " " " "
4, " " ’ \'relocity , noon | " "o

Because the the wide diversityﬁof concerts in the alternative

responses, to item F as compered to item E , and for other A
reasons too, item F would be rated lower in contcxt than item

E. o ‘ ’ :

Item context, then, is related to the smount of rcdun-
dancy of. essentiel information, the smount of information in
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u

- the item btem which is irrelevant to answering the element,

the extent of the diversity of concepts fequired in choosing
'among the alternative reasponses. An item having redundancy

of the essential information, no irrelevsnt information,‘&nd
but one concept among the requnse alternativea would certainly
“be rated as high in assessment context. But wifat of items

having only- one or two of these properties?
It would be possible to write test items with all pos-—-

'-"sible combinations of the three properties described above.

The number of :rossible combinations of these three properties
in ajfest item would be eight , based upon redundancy of the
essential information (Yes.or No), only relevant informatidn
(Yes or No),}and single concept respeonse alternatives (Yes or
No). . Hence the number of possible combinations is 8=2x2x2.
In the precéding test items used for illustratiod}not all of
the eight combinations were to be found. . '

Shown below is a table with various combinations of test

item veriables and thefassessment coentext decision rule fohweach'_

combination. (Y) means Yes; (N) means lo.

Some combinatione of item variable ratings are
considered to be of intermediate context value and hence

are not rated in the "Context Decision'" column.

If a test item contains redundancy of the information
essential for solving the item it is rated (Y) for that
categoryvregordless of the extent of the fedundahcy.

. In a simiTar_way, where an item'éontains information
irrelevant -‘to reaching a correct qolutlon the iter will be
rated as (N) in the catéyory "Only relevant information pre-
.sent in item stem",fe?ardless @f whether one, two, or more
pieces of irrelevant informstion are present. Iikewise, if
rore than one concert is showr to be required in the various
rcsponse.nlternqtiJcs; the iter is rated () in the catepory
"Single concerf resronse" no mutter how nany different concépts
are pres erted amonf'the alterna’!\\s.

L

L S 7O NP
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A,D,E| Y Y Y

Y Y } N ;-
N Y Y

B N Y N

c Y N Y

,_ ‘N N Y _

F Y N - N -4 Low
N N - N Iow

FIGURE 1. Examples of jtem CIéssificationé and context de-

{

cisions.

Summarx

An item is rated (Y) for redundancy if it contains
an excess of the essential informaetion in repeatlng verbal in-
 formation by mesns. of 8 dlagram, naoming a physics concept, for
examrle, msss, force,-energy ete. and also providing a symbol,
for exarple, M, F, E, and/or giving unit8 of measurement, for
:exqmple, kg, newtons, joules. Although items csn have varying
smounts of redundency, even one instance of the above forms of
redundancy is sufficient for a roting of (Y).

The rresence of verbal informstion about physics which
is irrelevant to solwving the item means that under the colunn
"heeaded, "Cnly I'ssentisl Information Iresent" would be recorded
(K). Emphasis is made of the fact that in rating an-item in
thié catepory, only the stem of the item is to be considcred.

. ' The precence of more than onc phy ics concept among the
if‘l) would be reccorded
under the apjropriate catefory rather than a (Y).

‘resronse alternntives would'mecn that an
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‘Two further exsmples of items and their ratings are pro-
vided below: , - : A
G. A cylindrical object haa 8 rsdius of 1.0 unit a height
of 2.0 units and = weight of ‘50 1bs. The volume of this
.object is -
1. 50 cubic units »
2.1 x (1)2 x'2 cubic units : L e
‘3. 2.0 cubic units ‘
4, 4,0 cubic units .

H, A.cyiindrical object has ; radius of 4 .0 ft, a height of
- 2.0 ft and 8 weight (Wt) of S0 1lbs. The density (D) of
this object is
1. greater than that of water
2. equad to that of uater
3, less than that of water ‘
4. not determinable from the information given.

Item G would be rated ‘ L , -
‘ NNY ’ _

since there is no redundancy in the information provided which
is essentisl to finding the volume of the cobject. This accounts
for the first N. The weight infcérmation is an irrelevancy, not -
a redundancy of essential information; hence the second N. Only
one concept, that of volume, is to be found nececsary among the
response alternstives, hence the Y-rating. This particular
pattern,N N Y , is showh in Table 1 to be descriptive of a Low
context item . ' ‘

Item H would be rated 4 ; é

YYY High ' ]

since there is redundancy of the information nceded to find
density in that "radius","height", "weisht" are each dési@nated
with vnits of leneth, lencth, and weirht respectively; Also the
symbols (Wt) for weipght and (D) for density are ¢iven., MNo ir-
relevant information is rresent, and only one concept of physics,
that of density comparison, is required among the response al- a

v

ternatives,.




ITEM RATING SHEET

H A
lo|w|m|afo|wn|&|w v~

[}
st

[
o

3>

34

35

36

37

38

39

40




246

‘APPENDIX B

Y

The Physics Test



247
PHYSICS TEST

~

This is a test of understanding of physics. S

. S ] . .
Each test item provides 5 possible choices of answer. Select
the one you ‘think is best and darken the space corresponding

to it on the answer sheet.

Some items in this test contain ihformation‘hhich id?ngt ' ﬂ
essential for finding the best answer. Care in reading sfeh
items will be necessary in order to decide exactly what is

required. - ‘ \ o , . | i ﬂa?.

Assume that there is no friction or air resistance in any
of the sitqptiong described unless that test item specifical-
ly states that such forces exist. '

-

L . : . - L :
Should it be rgqulrgd, the acceleration of gravity at the
earth's surface is 9.8 m/secz,'or 32 ft/sécz.

',-‘ . . : : . ,
Two sample items are given below, one with irrelevant infor-
’ I3 4‘. . 3
mation, the other without unnecessary information.

\
»

Sample items: '

1. A wooden cubical block, 2 ft. on each edge, has a-
weight of 160 lbs. The volume of this block is

A. ibo cu ft

B. 2 cu ft
C. 4 cu ft
D. . 8 cu ft

E. not determinable from the information given

. The pound is a unit for measuring
A. weight .

B. .energy

C. momentum®

D. impulse



Sample answer

[
1>
I

N
>
{1

power.

sheat:

1o

1 [2]

i

4&
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- o
When electrons flow upﬁardsin the wire as
indicated, the N-pole of the maghet sus- | ‘ .
pended near the wire as shown will ) |,sygnm
experience a force which %

moowY

o

L]

A box of mass '2.0 kg has a speed of 4.0 m/sec. The
kinetic energy of the box is .
A. 8,03 ‘ : .
n. 16.0 J , . ) . ’ L . a
C. 78.4 J ., ™ < . '

Do 2°J ’ ’ ‘ ."

E. nat determinable 4from information qiven.

A body of mass 3.0 kg, spetific gravity of 4, and weidn

of 29.4 N is moving in a horizontal circular path of"
radius 2.0 m at a constant speed of 5.0 m/sec. A rope
is fastened t& the body and to-a post at the centre of,
the circle.  'The body o
A. undergoes constaﬁ% acceleration towprds the centre
of the circle

B. rotates at 1.0 rev/sec N
C.  has constant momen tum &
D. has steadjly increasing kinevic. enerqy :
E. does not change velocxty as it moves around the

© edircle. '

[

A hydrogen ion having a charge of 1.6°X 10~ 17 coulombs
is situated in.a vacuum in‘’an electric field. <The’

mass of the ion is 1 a.m.u. and its atomic number is 1.

As the idn moves under the influence of the electric
field 5

A. no work is done on the ion .

B. the kinetic cnergy of the ioh increases .
C. the speed of the ion remains constant

D. the ion acquires potential energy

E. the charge on the ion slowly decreases-’

a4y 0 .
< .

]
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. wWill attract it toward the wire Y

S

widl tend to pushk it"into" the page
will repel it from the wire

will tend to push it"out" of the page
will tend to raise it. r
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Three forces have magnitudes of 2 N, 1. N, and 5 N.
They may be combined so as to produce; a resultant
force of magnitude .

A. zero ) ' ‘ s
B. l .N

C. any amount between 1 N and 5 N

D. any amount between 3 N and 4 N

E. greater than 8 N.

An astronaut weighs 160 1lbs. when on earth's surface.
Into his space capsule he takes a set of bathroom
scales- to weigh himself in space. When the capsule is
orbiting the earth 100 miles above the surface he
stands on the bathroom scales which have been glued

to the floor. He finds that the scales read zero.

" This is probably because -

‘A. at this 'height gravity is so small that his weight

- is negligible- g ,

B.- the glue holding the scales to the floor has fouled
the workings of the scales

C. there is no gravitational pull at this height

D. he and the scales are both accelerating towards the

° - earth at the same rate ,

E. the buoyancy of the pressurized air in the satel-
lite supports his weight. :

ﬁ .
In a region of space there j< a magnetic field directed
vertically down. A straight length. of wire in an east-
west orientation is-moved south at a steady speed -through -
the field. Long conducting wires hang from each end of
the magn®ttic field. As the straight length of wire is
being moved an induced electron current flows through it.

- The direction of the induced current is such that it

tends to force the wiFé

. downward

.. upward

to the south .

. to the north .
to rotate. ' '

A loaded tobogyan weirghiing 40 lbs. is pulled along by a
rope with a force of 10 1bs. The force is applied in a
direcrion 40C above the horizontal. Wwhen the toboggan
nas been pulled aleng the ground for a distance of 200
fr. at a speed of 8 ft/scc, the work done is

A. not determinable from the information given



10.

11.

B.
C.
D.
E.

An object carrying, 3.0 x"'
charge enters a uniform magnetic field in a direction

10 X 200 X cos 40° ft 1bs

40 X- 8 X sin 400 ft 1bs _

equal to the kinetic energy of the loaded toboggan
equal. to the product of the mentum’and the speeg
of the loaded tobogqan. ; e ’

ulombs . of - positive

perpendlcular to the field direction. The mass of the
object is 1.0 grams. Which one of the following
changes would decrease the magnitude of the force ex-—
perienced by the object?

A.

E'

Alter .the direction of motion of the charge to

‘parallel the field direction

Increase the speed of the object

Decrease the mass of the object ' -4
Change the charge on the object to 2.0 X 10
coulombs of negative charge

Add more positive charge to the ebject.

A raindrop has a radius of 0.1 cm and a mass of 4
milligrams. A steady wind is blowing and the raindrop,
in falling to the earth, has attained a constant velo-
city due to the comblned effects of gravity and air
resistance. For the remainder of its fall

A'

Mo Qw
e e

.

its momentum will continue to change :

its kinetic energy will continue to increase

the resultant of all forces acting on it is zero
its potential energy will remain constant N
the gravitational pull will decrease.

An unmagnetized iron nail can become magnetized by in-
duction. if it is placed in a magnetic field. When such
a nail is placed between the poles of a powerful horse-
shoe magnet, the magnetic domains in the nail

rotate to become aligned with the magnet's field"
grow 1n size if they are already allgned with the

magnet's field

start to become magnetized as soon as the nail 1&

placed in the magnetic field Ta

move toward the places on the nail where the mag- -
netic poles will be

begln to spin around and thus produce the magnectism
in. the nail. ’

Y oo
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13.

14.

15.

A battery supplies 2.0 ampgaes of. current through a
wire whose resistance is 0:«l ohms per foot. The cir-
cuit is connected for 5.0 minutes. An ammeter, a
voltmater, and a wattmeter angconnected in the circuit.
The number of coulombs of charge which moved through
the circuit may be known ‘ * ‘ ’

A. by direct reading from the ammeter

B. from the product of the¢ wattmeter reading and the
time in hours . ) L ' ,

C. from the product of &he ammeter reading and the time
in seconds . - . .

D. from the product of the current, the voltage, and

. the time in seconds ) '
E. only if more informatfon is provided.

.

ES

A mass of 1.0 slug is uniformly accelerated from 30

ft/sec to zero in a time of 3.0 sec. The magnitude of

the force acting is .
Y

A. 10 1lbs

B. 20 1lbs . .

C. not determinable from the information given -

D. 90 1bs ‘

E. 2.8 1lbs.

252,

In the,circuit shown at right a cell . ANAA—
and a resistor are connected by wires
of uniform composition and cross-
section. When a precise voltmeter

is used to measure the potential dif- - . v
ference. between variough points in_ the -

circuit, the potential -difference will E ‘1( D

be
- o

A. - the,same between successive pairs of points, i.e.,
the same between A and B as it is between B-and C,

etc. . .
B. greatest between A and B i
C. zero between E and A o

D. greatest between D and C .
E. - greater between E and D than it is between A and D.

An object of weight 5.0 1lbs is recleased from a helicop-

ter flying horizontally at 80 mi/hr at a height of 1000

ft. As the object is falling to the ground it will have

a horizontal acceleration of*

A. 80 mi/hr
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17,

18.

wReNoN. I

o

B. 1000 3 80 ft/m{/hr
C. 32 ft/sec?

D. 1000 ft/min/sec

E, zero. - .

A cell with an electromotive force of 2.0 volts has an
internal resistance of 0.3 ohms when it is connected
with an external of 9,7 ohms..- When the external re--
sistance is reduced to 1/10 as much, the current
through it will / 0, ) ps

A. remain constant 4

B. increase by 10" times _

C. increase by mo:re than 10 times

D. increase, but by less than 10 times
E. decrease to 1/10 as much.

A capacitor consisting‘of two widely separated conduct-
ing plates is connected in series with a battery whose
e.m.f. is 5.0 volts and 4 wire resistor of 10 ohms
resistance. As the two plates are slowly moved closer

- together

A. positive charge will flow through the resistor

B. .electrons will flow from the negative terminal of
the battery to the Plate connected with it

C. the electrical energy stored in the capacjtor will

. decrease T

D. an alternating current will flow through the re-
sistor . . : »

E. the amount pf charge stored on each plate of ‘th

capacitorlwill decrease,

A metre stick, pivoted at its centre, has a mass of.
400 gs suspended at the 20 cm mark, a mass of 50- gs
suspended at the 70 cm mark and a mass of§60 gs sus=-
pended at the 40 cm mark. A mass of 20 gs o
at the 90 cm mark will produce equilibrium

at the 10 cm mark will produce equilibrium.

at the 60 cm mark will produce equilibrium

at the 40 cm mark will produce equilibrium
cannot produce equilibrium no matter where it is
pPlaced on the metre stick. '

A

¥

253



‘19,

21.

22.

: -0 254
>

L3

Two objects, one of mass 1 slug, the other'Of'Mass 2
slugs are rel@ased simultaneously from the top of a
100 £t high buildlng. As they fall to the ground.

A
B.
B.
b.

s.

Lthe larger mass ™ acqguires kxnetlc energy at the -
.same rate as the smaller mass
the momenta indrease at equal rates
their velocities remain constant
the larger mass loses potent1a1 energy more rapldly
than the smaller mass
equal forces ‘act on -the two masses.

The centre of gravity of a large closed book which is on
a level. table 'is at the centre of page 500. Then the
book is opened at the middle. The open book resting

on

A.
B.
c.
Dy
El'y

o

its back on the table will have its centre of gravity

lower than when it was .closed
at the centxe of page 500

at the centre of page 250 | o -
at the splne of the book but at the level of page 500
t the spine of the bpok where it Eouches the table. -’

A ' car going at 80 ft/sec slows down and stops in a dis-

‘in

A.

B. .

c.
D
E.

Electric charge is' transferred by metals and by non-

f»less ;han 0,20

-tance of 200 ft. The coeff1c1ent of frlctlon effective

stopping’ the car is _ . .

. between 0.20 and 0.45

' greater than -0.60
between 0.45 and 0.60 -~ :
not determinable from information given. Lol

¥

«

-

metallic electrolytes in solution. Most metals and
solid electrolytes are crystalline, while many non-
metals are not, 'As far as the transfer of electric
charge is concerned, the main difference between
metallic¢ "conductors and insulators 1is

A.
B.

C..

metallic .,conductors have a greater supply of .free
electrons than insulators

metallic conductors have a greater number of nega-
tive than positive charges

atoms are more tightly packed in conductors than
in insulators

both clectrons and protons are free to move in
conductors but only electrons in insulators
electrons are able to be transfcerred with much
greater spced in insulators than in conductors.
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10 light bulbs are each rated at 100 watts when operated
'with a potential difference of 100 volts.

-

In a'circuit

whose potential difference is 100 ,volts the¢ bulbs are
connected, al
potential difference is 100 volts all the bulbs are
connected in series. Each circuit is operated for 1
hour. The el :

A.
B.
C.
D.

. E.

‘the same

about 100
about 10
about 100
about 10

1l in ‘parallel. In ‘another cirguit whose

ectrical energy used is

in each circuit .
times greater in the parallel circuit
times greater in the parallel circuit
times greater ih the series circuit
times greater in the series circuit.

-

Two magnetic poles which are (c) cm apart experience
a force of (D
such a separation that the force is (2D) dynes, then
their dlstance apart must be -

A.
B,

c.
D.
E.

(2¢c) cm

( cm
vz .
(c) cm
(3%c) cm

) dynes. If the two poles are moved to

©

.none of the above distances.’

An atomic nucleus has a positive charge and a linear
size of less than 10‘14 cm. The binding energy of the

A.
_Bc

C.

D.

E.

nucleus is

the energ
into its

Y which would be required to separate it
constltuent protons and neutrons '

usually about equal to the energy needed to remove

an’ outer
greatest
released
separate
the same

electron from its orbit

for an ordinary hydrogen nucleus
when an’atom disintegrates into its
neutrons and protons

for all isotopes of an element.

A small laboratory cart is released from rest at the '
top of a long inclined plane. During the first second
it travels 10 inches along the plane, During the next
second 1t will go

A.

* 0

B
o
D.
E

10 inches

:20 inches

25 inches
30 inches
more than

30 inches.
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An iron ball has a density 9 times as great, and ‘a mass
3 times as great, as that of a wooden ball, The two
‘balls, initially at rest, are acted upon by ‘equal hori-
zontal forces for a period of 3.0 sec. At the end of
. 2.0 sec of this time ' : .

-A. . the wooden ball will have the same momentum as
the iron one
the two balls will have equal kinetic energies
»@the_ two balls will have equal velocities
+ the two balls will have equal accelerations
E. the two balls will be worked on with equal power.

The radiation in the Van_Allen‘belts consists mainly of
high -speed protons and electrons. The protons are -
nearly 2000 times as massive as the electrons aj}though
protons and electrons have equal amounts of charge.

The Van Allen belts do not .extend down to the surface
of the earth because ' o

A. the earth's magnetic field. is not strong enough
at the surface to hold them there : o
B. the protons and electrons neutralize each other
C. the sun's, he is not strong enough near the
earth's surface to ionize air molecules '
D. the moving charged particles collide with air
. molecules in denser air near the earth's surface
" thus reducing their speeds and the force on them
-due to the earth's magnetic field
E. solar winds blow them away.

Work of 49 joules is done in lifting a mass of 0.5
kg 10 m from point A to point B in a gravitational
field. The time required to do the work is 20 sec.
If éravitational}potential difference, similar to *
~electrical potential difference, was calculated for J
A and B, it would be 3 ‘ .
A. about 10 N/kg B ?
B. about ‘98 J/kg e o
“C. about 49 J :
D. about 2.5 J/sec ‘
" E. -about 4.9 J/m. ! :
A wire 8.0m long carries a current of 5.0 ampercs
through a magnetic field of 1.0 x 10-2 telsa.  The
wire«is perpendicular to the field dircctjon. The
motor-effect.ggafé on the wire is -
N ‘ ] ) e ..

- . ’ N ’ -
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32.

33.

34.

A. 4.0 x 10°% N
'B. . 1.3 x 10°° N

te. 130N

D. 0.63 x 107! w

E. none of the above.

A 2,0 watt resistor is to he employed with a 6.0 volt
potentLaI dlfference. The resistance of the resistor
is

A. 3.0 ohms : ‘ . » »
B. 0.33 ohms - , : ) -
C. 18 ohms -

D. . 2.0 ohms .

E. 0.17 ohms. , .

A steel ball of mass 10 gs is released from a height of
4.0 m above the ground. It falls to the ground in about
0.9 -sec and attains a speed of about 9 m/sec just before
hitting thg ground. The weight of the ball is abbut 0.1
N. During theAthat the ball ‘is falllng
. timtc .
A. the momentum of the ball is constant ‘
B. the acting force.’on the ball is gcounter-balanced

" by a reacting force on the earth
C. the terminal speed of, the ball in flight is reached
D. the acting force is gravity, and the reacting force

igs the inertia of the ball ;

E. Newton's third law does not apply to this klnd of

.sxtuatxon. _ o
' : :
A 4 foot length of wire having a resistance of 10 ohms
is connected to a battery whose e.m. f is 2.0 volts. As

an electron moves along the wire

A. no work is done on the electron

. the kinetic energy of the electron increases
the speed of the electron remains steady

the electron acquires potential encrgy

the work done on the electron is lost as hcat
‘through collisions.

moNw

A mass of 2.0 kg is accgloratcd upwards at 2.0 m/nccz
by mcans of a force applled through a ropce¢. The total
forcg excrted by the rope is & '
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A. 15.6 N
. B, greater than 25 N

C. 4.0 N ®

Do 23.6 N : .

E. 19.6 N

When at rest M. = kg and M2 = 2kg. The two masses

may become equai ’ \

A.. under no conditions : , :

B. provided that the speed of M; is.200 M/sec and M,
is 100 m/sec ' . (

C. provided that the speed of M) is equal to the speed
of light and M; is equal to one-half the speed of
light

D. provided M; is at rest and M}  has a speed between
one-half the speed of light and the speed of light

E. if M; were located at a point sufficiently far out
in space. ‘

A test charge of 4.0 x 10_5 coulombs is situated 20 cm

from a charged ball. The t%st charge experiences a

repelling force of 2.0 x 104 N due to the electric

field of the charged ball. The magnitude of the eleec-

tric field intensity at the test charge is '

A. 4.0 x 107> 3. 2.0 x 10-4 coulombs /N

B. 4.0 x 107% x 2.0 x 10™% N-coulombs

c. 2.0 x10%: 400 N/cm? |

'D. 4.0 x 107 3 400 dbulombs/cm?
E. 2.0 x10°%: 4.0 x 1075 N/coulomb.
An object which weighs 10 lbs on the earth's surface

is raised ‘to an altitude of 100 miles above the earth.
The pull of gravity on the object at this height would
be . B
. between 9 and 10 1bs

about 5 1lbs

Zero ‘ :

between 10 and 11 1bs

greater than 11 1lbs.

Mmooy

@
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An ammeter for measuring currents of up to 5.0 amperes
has a moving coil of 100 turns located between the’
poles of a horseshoe magnet. Because the coil 1is
easily melted and cannot carry more than 1.0 x 103
amperes without damage

A. the ammeter must always be connected in parallel
across a circuit branch R .

B. ' a high resistance is connected in series with the

. coil .

C. a special diode is connected to prevent currents
greater than 1.0 x 10~3 amperes from-passing through
the meter _

D. a shunt or by-pass is provided in the instrument
so that only a small fraction of the current being’
measured will go through the coil

E. this ammeter is only suitable for measuring very
small currents less than 1.0 x 10~3 amperes.

Two points in an electric circuit have a potential dif-.
ference of 3.0 volts. The work done transferring 12 '
coulombs of charge between these two points is
)
A. 0
B. 4 joules
C. 0.25 joules ¢
D. 36 joules .
E. not determinable frem the information given.

¢

A bucket of weight 2,000 N can hold 40,000 N of concrete.
The bucket is operated by a motor whose maximum power
output is 3,000,000 watts. The empty bucket is to be
rajsed slowly but at a constant speed. The power expen-
diture in raising the bucket is

A 2000 x 6 watts

B. 42000 x 63 watts

€. 42000 3 6™ watts’

9. not determinable from the information given
K. greater than 3,000,000 watts.
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DISCREPANCY DETECTION 'TEST

The following test -consists of a series of diagrams, often’
with a few words of description. Some diagrams contain
contradictions or.disérepancies between what is shown and
what would be éxpected\from a knowiedqe~of physics, while

. other diagrams do not contain such COntraQictions. J

Examine each diagram carefully. If you think that there

is no contradiction between what is shown and the~principle$
of physics, write the letter "C", for correct, beside that,
diagran's number on the answer sheet. If you think that
there is. some con;ridiction, state both what would be ex-
pected in that situation from physics principles, and also
what seems to be wrong'with what is observed.

In all examples assume that there is no friction or air
resistance unless the item specifically states that friction
is a factor. ' ’ o

.

Examples of items:

A An equilibrium situation

L ]

— L w Cou~cliv  Clocpaa..
_’7" #’bm M“’ lee. ‘A—W e wres oo la

L g ed Ui on
;ﬁ L < .




onergies

These two masses .
have equal kinetiec

These pendula
vibrate with
equal frequency

-

Stretchod‘olastic
[s}

Stop
Block

After
simultaneous
release of
stop blocks:

‘Three forces
in equilibrium

Collision
poiat

"

Stgp

Block

Y L ]

L

B R



‘ e e 26y
3 . \ »
0.5 eoul of . 0.5 eoul of - : “
charge before . charge after. I ‘
energy is . 2 joules of . » HE
added . . energyqbave :
« been d - .
. m ' »
ﬁ : @
‘. R J N — ’ .
: o L 3 ) v
Voltage acale
6. I ’ . .
o N L
. ) "
2
& *—L@ ‘-z-@ »
’
7. . = I A T | R
'. R . Cart released from
K reat at t = O
. L : . — Position at t = 1
S * ;:;:" p”\‘i ~ '
* Boaition at
-0 t =2
- cou L
- . ‘-) "
_b.ﬂf . Voltmeter reads 4 volts
' » t 23
, ) ’ 0% %" =AAAA
o 4 N 4 O
, . Ammeter
. . rends
. L 2 amps*
; 7'!’1”%
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. ,\/D \Compass
4 5 N
! » . R A,
a E |
10. ! Meter reads
- 2,0 amp 2.0 ohms
Meter reads
2,0 amps
|
‘9
PR
11/
An equilibrium
‘situation o
f
12. - Net force on * o
. A —
- . A -3 units ﬁ
+1 unit . / ’
- .
:
<
+3 unit@ @ +3 units .
i t
5 ) _ ‘J
8 5
A o -
.“ 0 1 \ ‘v
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Th d —— :
rea : - Neutral. pith
v ball
¥4 /
0O .
14. :
. Gravitational forces
between two masses far ; .
Qut in space ) ' ~ v
» u
2F el BN N,
. - »
’ .
. ' .
15.; » At & later time.
i | Two satellites .
in oircular orbit \
of earth, BC)\
’ v
Ag= 1 unige wis }
B = 2 units mass A(.')i
[
’
/
’ P4
1'6. . » i
_ v . R |
Meter '
Meter 3 Lo _J_2 1t io reads
reads ohme N § volt. ohms 1.0 volt
» - cell ~
2,0 volt ‘
’ N : 3 . g"y ":‘: Y
s 2! . '.'h‘b
v i%' ;l-
< “ * ‘ 3
o N ?
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————

}ﬁﬂf.

. o

L

L

i

o
The mpss-energies’ . e velzeqdals
of the two objects 100 m/sec
at right are equal
r
/
> . /
[:J vel equals
. 200 .m/sec
L 3
19, &
y of positive
-ioh originally
aimed at equator
l" ‘ *
“ .
S b ) \
p————— e —— e .- - m————— ————— - Bt i e — - ————— -——J
20.
Work is done by :
ithe string during ‘
--each oscillation
ﬁx the mass |
|
. 4 |
)
X X X . —t
2 e o kY
. W . ¥ .
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» L ' RAW SCORES

: . -
' _ Llsted below are the raw scores for the students of the -

o

study."f The test means have-» been substituted for ma.ss‘lng

data as described in Chapter 5. The follow:.ng abbrev.latlons ’

-

have been usec{ for the column heads.

R ID - identification number
HCT - High Context Test .
~ LcT - Low Context Test 7' ’
DDT - 'Dlscrepancy Detection Test e

“SCAT-V - Cooperative Sch' and College }\blllty .

Test - vVerbal - ..

s - ' \ . ) . B ~
. 'm : SCAT*Q - Cooperative School and College Ability .
’ LA .Test - Quantitative . -
o £ e}'y' ' . .
'"HFT - Hid&en Figures Test ' 1
. . .
) cws - Categ‘ry W1dth Scale ¢
P30 -

@hys;.cs 30 AchleVexnent Test :
: . »

L 1Y



= b b
Noue w

[
[o0]

Kal

ol adad . S laN
NHFOoOWVONOUBWNH O

RAW SCORES (Continged)-

-

t’}:

»
HCT LCT DDT SCAT-\" SCAT—Q HFT. CWS
9 9 8 51
w7 8 7 51
8 11 10 54
8 10 8 44
8 13 409 48
15 13 13 44
6 s ® 8 38
6 12, 3 - 48
15 18 13 51
6 10 . 10 44
13 13 Y12 48
5 11 . 9 44
32 7 11 - 54
¥q 5 9 44
5 11 8 53
b 9 W
10 11 56
10 6 59
-8 10, = 34
6 11 ‘44
6 12 38 -
12 10 ' . 56
11. 13 13 44
9 14 12 55 _
8 5 5 34 28 9 30
10 -8 6 44 36 14 34
6 5 7 44 36 14 42
7 17 10 _55“‘- 36 8 28
7 10 6 . 44 36 11 23
8 12 8 55 W 41 11 30
5 6 7 43 39 11 -39
10 13 9 . 46 32 16 45
8 10 8 46 41 11 30
9 14 8 41 35 9 25
13 12 10 44 36 21 36
LV
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A ' ~
RAW SCORES (continued)

)} : A ) a‘

HCT LCT DDT SCAT-V SCAT-Q, " HFT CWS ﬂao:
3 8 10 33 16 7 31 13
14 13 12 44 36 17 35 ‘53
6 7 10 49 37 9 15 38
9 16 12 48 - 33 13 .. 44 59
6 7 8 37 31 11 28 34
9 15 6 49 36 6 23+ 46,
6 10 10 45 31 11 31 38
16 13 14 . 44 36 15 25 = 62
8 10 9 A2 45 .5 30 40
10 1@ 19 51" 34 13 29 46
10 10 g& 46 46 13 33 59
7 13 ok 46 41 8 33. © 41
6 11 v 2 44 34 6 26 36
5 10 8 42 11 30 34
7, 13 14 39 11 23 43
5 9 7 42 .2 38 34
8 8 8 45 11 30 30
9 7 8 42 11 30 35
6 9 8 39 11 30 35
7 6 6 34 19 13 35
10 13 -7 47 15 31 57
7 8 . 5 38 9 22 24
5 7 6 42 + 3 - 45° 37
6 9 7 37 1 .26 ° 35
QZ 11 7 34 Q9 30 44

12 13 34 4 12
9 12 14 4y 9 36“”)'4‘3 :
9 12 8 45 11 530 53
.8 11 3 40 10 10 29
4 8 4 24 21 - 29 27
12 9 7 43 10 20 38
10 12 8 43 1 30 52
7 6 8 31 19 30 28
11 10 7 43 2% 40 40
9 6 4 37 8 34 30
Y
e



271

RAW SCORES (continued)

e e

DDT  'SCAT-V SCAT-Q : HFT CWS P30

BOJOONNTRAOANNIVLOIY

5—4,'

—

Juwubraooy
ONNDNOVOJANWIY 0O W

-

MONOUIYJE&EN
[l ol

Ay .

e

8 57 . 43 11 30 56

8 47 - 41 11 30 26

4 44 36 6 ., 18 30

8 55 "\ng;". 11 . 30 33
10 53 .y -7 26 44
14 56 8. . 3 21 46

kf 44 36 T 14 23 19

9 36 31 11 30 26

g . 46 328 11 30 19
Q'A'u.sz 40 » 12 40 28

. 43 - 39, 4 43 3B

4. 55 . 32 .23 52 28 .

8 47 10 9 25 34

8 38 28 4 17 30

7 47 34 - 10 33 28
13 36 37 % 11 37 55

? 37 23 . 18 30 28

9. 44 © 36 5, *%0‘ 31,
4 33 . -, 327 ey T 19

6 44 .36 14 24 39

6 45 IF 14 ' 19 32

3% ‘39 35 8 25 25

8 31 38 6 33 23

5 34 35 11 ‘33 33.

7 36 33 - 12 34 29
.6 38 42 6 ‘46 37

9 42 38 11 30 25

5 46 33 6 37 26

8 38 28 5 9 41

8 53 28 6 29. 41

9 44 36 1 33 40

4 40 27 -~ 13 24 41 X

8 11 26 1 17 23

7 40 46" 17 36 47

9 40 30 14 38 18,

\/"/



RAW SCORES (continued) o

D HCT © LCT DDT SCAT-V  SCAT-Q 'HFT CWS P30
106 9 11 8 37 39 17 27 30
107 7 13 9 44 36 1 15 45
108 3 11 5 50 42 v 16 16 34
109 6 8 4 44 36 1 34 26
110 7 11 5 45 32 14 31 35
111 8 9 9 18 18 2 26 41
112 1 3 2 57 38 5 37 20
113 8 12 7 54 37 11 30 31
114. 8 9 7 44 38 ‘11 30 27
115 7 5 7 36 24 11 30 24
164y B, 2 3 44 36 T 58 16
117 ° . 5 6 7 44 36 *16 20 21
118 P R 5 21 31 9 16 28
119 ;5% 13 9 44 36 2 28 v gR2
120 xqﬂa%i, 6 5 57 42 17 28 25
121 o 0% - 8. "6 31 25 8 8 31
122 ° 8 ™y8. 6 44 36 13 27 33
123 ; - 1 44 36 3 20 29
124 e 6 9 34 39 7 25 25
125 ; 6 3 49 32 5 26 22
126 y 9 6 34 , 33 3 28 27
127 < 8 1 44 36 15 26 40
128  * 8 6 .37 39 12 8 22
129 = 12 11 25 37 15 37 46
138 . . o7 i 7 36 40 11 31 36
131 "7 6 ‘7 e° 12 11 11 30 20
32 '° .8 10 4 44 36 11 33 29
133 8 7 4 44 36 7 19 37
134 7" 10 8 32 39 14 30 33
135 14 414 7 44 \ 3 10 26 52
136 6 8 5 44 36 12 36 33
137 7 10 5 48 42 12 §$ 35
138 7 10 6 47 32 5 20
139 1 5 35 17 13 19 17

C
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Table 13

Normallzed Weightg’ Applled to the Criterion and

Predlctor Variables for the First and

(%)

Second Canonical Correlations Py

Qu

g L]

~ Criterion Variable

Predictor Variable

‘First Canonical Correlation Coefficient = 0.76

[}
b

High Context Test
Low Context Test

Discrepancy Detection
o Test

~ b ) !}-
: -/

.50

SCAT-Verbal -.06
SCAT-Quantitative 3.13
Physics 30 Test .98
Hidden Figures Test .15
.CaﬁegoryZWiéth Scale .07

W

Second Canonical Correlation Coef

-y

(R )
High Context Test
‘Low Context Test

Discrepancy Detection
Test

61 4

-.78

-13

ient = 0.19
SCAT- , "-.ﬁy
SCAT—Quanti£atige © .43
Physics 30 Test - -.10
Hidden Figureé Test .32
Categdfy Width Scale .33

274
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~quantity. Then, four possible maximum values of the qu&ntity

'alternatives available.

s | ”Il' ' | | o | ‘“ '_276

PETTIGREW ESTIMATION SCALE .

% '

In this questionnaire oach item qivc- an Average value of. lbme

are presented, and also four possible minimum values. Ybu
are asked to estimate tho maximum value which might be ‘ob- % P
served, and also the minimum value, by selecting from the % '3

Sample item: - -
. . o

1.‘ In July the average nymber of cars per day cre

ing a certain ity bridge is 8000. What do y

think: ' 1 , G
. o

-a) is the largest number of cars crox-g i

‘ sing}q day in July?
j 1.+ 200,000 () | 3. 150,000 ()
2. 100,000 () . 4. 15,006 k )
o " b) is the smallest number of cars crossing in a
single day in July? 4 - '
1. 100 () 3. 1060 ( )
. . 2. 500 () 4. sooo ()

-

A ™ - . ‘ - ) i\
"“cConsi@er e&dh statement carefully before makxng your desabion.

Place a check mark (V3 in the bracket beside the maximum
value you select in (a), and beside the minimum value you
select in (b).

~
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It has b.on estimated that tho average width of windows
is 34 inches. 'What do you think:

a. 1is the width Qf the widost window...

1. 1,363 fhches= ) =~ 3. 48 inches ()
2. 341 Inchds (') - 4. .. 81 inches ()
" g! is the width of the narrowest window. .. ..
1. . 3 inches (,”i - 3. 11 inches ()
o2, + 18 inches ( ) ° 4. 1 ihch () .

Ornithologxsts tell us that th&lbest guess of the average
speed of birds in fliqht would be about 17 m. P h. What .
do you think:

"a. ‘is the apeed in tlight of the fastest bird...

P YR 25 m.p. h.- () 3. 73 m.p.h. " (") -
2. 105 m.p.h. () 4. 34 m.p.h. () 5
b. is the speed in flight of the slowest bird.... o
1. 10 ‘m.p.h. () 3. 12 m.p.h. @) |
2, 2 m.p.h. () 4. . S m.p.h. . ( y

’

Weather officials report that during tﬂxs century
washington, D.C., has received an averqge rainfall of o~
41.1 inches annually What do you thiqk '

1

a. 1is the largest amount of rain that ,Washington hhs

° reteived in a single year during this century.y
1Y 82.4 inches () 3.  63.7 inches
2, 45.8 inches () 4. 51.2 inche

b. is the smallest amount of raln that Washxngt n ‘has

received in a single year durlng this centur

1. 20,2 inches ( ) 3. 9.9 inches () .
2. . 36.3 inches () 4. 29.7 infhes () '
' ' S P

An average of 58 ships entered or left New Ygrk harbor |
daily durlng the period from 1950 through 1955. what®
do you think: R ‘ ‘ 2




5.

. 1.

‘V ‘
a. was the largest number of ships to
‘New Ydtk in a 31ngle day durlng th1
) ' 3.

() 4.

1. . 69 ships
2. 153 ships

enter or ‘leave
s period.

76 ships ()
102 ships ()

b. was the smallest number of Ships to enter or leave

New York in a single day durlng this "‘period.

1. 34 shxps

() ' 3.
2. 3 Shlps‘ ()

f 4 - Y

16 ships ( )
43 shipg ()

Béating ekperts estimate that the average speed of‘ell

sailing crafts in America is’ around 4.1
you think: ’

14 ! i

a. 1is the speed of the'fastest,sailing boat in America..

)

1. . 8.2%%nots () . 3.
2. 30.7 knots () o 4, 2
b. is,

1. -3.3 knots
2. " 0.6 knots

\

When all of the world s wrltten languége

() 3.
() 4.

11ngu1sts tell us .that the average numbe
language must be somewhere around 15,000.

,thlnk

°

knots.-

5.9 knots (.)
1.3 knots ()

the speed of the slowest sailimg boat in America..

»
2.2 knots- ()

1.2 knots * ()

S are considered,
r. of verbs per
What do you

a. is the lafgest number of verbs in any sipgle o l

languaée.;.

21,000 (F 3.
2. . 18,000 () - 4.
, .

50,000 ()

30,000 ()

b. is the smallest number of vérbs in any single

language...

1. - 1,000 . () 3.
2. 13,000 . () a.

000 ()
10,000 ()
<4

What do-
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7. The.average muzzle ‘to tail length of a sample of ,1,000

- German Shepherd dogs is 40,3 in.

What do you thlnk

a, is the length of the longest\Shepherd dog in the

sample... .
;. '60.4“inches' (
' (

)
47.8 inches )

t

3. ;f 44. 1 xnches

()
! 4. - s4.2 inches )

b. i\\the length of the shortest Shepherd dog in the

~ Bample.. N

1. 34.6 inches )
28.4 inchés ( )h

. .
.

3. 19.7 inches ()
“. 35.9'1pchés ()

8. ‘s The average pOpulatlon of South Amerlca countrles is

approx1mately 8.6 mllllon people each

" South -America...

E 11. 2 million’

( )
2. -54 # million ()

-&. is the population of the most populated country in

.

[

3. . 23.6 . million

4@\ 129.1 mllllon
\

()
0)

b. is the populatlon of the lehst populated country in

South Amerlca...,

1. 7,000 . ()
2. - 6.2 million )
A

rd

3. 2.4 million
4. 29,000 )

9. ‘A . Stanford University.hoﬁeweconomist‘has estimated the

average American spends 55 minutes of his day eating.

What do you think:

a. Ais thé longest eating t1me of any single Amerlcan.
I~ 185 minutes () 3. 245 minutes ( )
% 2. . 4. 90 minutes ( )

125 minutes ()

b. ié ‘the shortest eating time of any single American..

1. 16 minutes ()
2. 4 minutes ()

. L
3. 38 minutes ( )
4. " 27 minutes ()

&
.What do you ‘think:
. .

o~ o~
-
\



10.

e~ 28a

Thc average number of churches per rcllglous denomlnatzon
in the United States -is ‘estimated to be 511. What do you

“think: . - - |
'is the laygest number of - churches of a single

.o

religious denominatxon in the U.s. A...._ o T

: . . A}
1. ¢ 4 833 - () - 3-, 1,219 () .
2. L7157 ) ’ 4, 39, aol ().

is the smallest number of churches of a single

»rellglous denomination in the U.S. A....

3. 0 S

1. - 313 oy
) T 4. | 23

2. . 146 ™~

—~ -~
A 4 ) A 4
.



