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11. 

This investigation repoi-ts an expei-1mental study of 

the interaction between children manifesting different cogni­

tive styles (descriptive, categorical and relational) and two 

instructional methods (rule-explained, a..nd rule-derived). 

The eubjects for the experiment wer<'! 120 high-scorers (stanine 

7+) on the specially-constructed cognitive style instrument. 

Equal numbers of' Form I girls and 'boys were :randomly assigned 

to four groups in two experimental cor.td1t1ons. v; 1th sex, 

cognitive style and method the major independent :f'Bctors, the 

basic cell in the factorial design comprised five pupils. 

Teachers were added as a control, and with objectives and 

occasions of testing being measured across all pupils, the 

full design became a seven-variable one, pupils being the 

doubly-cross ed nested factor. 

The concepts and principles of stab111 ty were taught 

to the four groups of' thirty children, over two class periods 

totalling one hundred minutes. The specially-trained experi­

mental teac ere taught two classes each, one by Method R.E., 

the other by Metlnd R .D. Control thod.s !nclud d r ru1om 

aae1gnment, the cites ingot tim • order and place ot teaching, 

and th equating of time and co tent. FOUl' dependent asures 

wttre const:ructed to as esa pupil pel'tormance t two level of 

ject1ves, lal ledg and und tandi.ng, and epplic tion­

tr ei-. Admtnistet--ed by the on test r in the chool htlll 

to ll subjeets. onto occasion (the y foll ing the 

xp i-im ntal t ohin and foUP een day ter-) , th f'Q\U' teats 
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provided measures of initial learning, transf'er, retention and 

delayed-e.pplication-tranet'er. 

The major interaction hypotheses postulate~ a higher 

mean score for ndescr1pt1ve" children after Treatment R. D., 

and a higher mean score :ror "relational'' children a!'ter Treat­

ment R . F . Neither hypotheeis was supported by the data . How­

ever, a1gnif1cant sex differences in cognitive style were 

observed. Boys tended to make more ~eacriptive responses than 

girls at thie age, while girls tended to make more relaticmal 

responses than did the boys. Treatment R . E., an expository 

procedure, led to higher initial learning and retention scores 

than did Treatment R. D., but scores Cll the application-transf'er 

teats did not differ significantl.y. Relative scores, however, 

dis1>layed a con trasting pattern between the two method groups. 

The mean scores of the R. F. . group for the three tests foll ow-

1ng the first teat administered, were all below the measure 

ot initial learning, whereas the reverse pattern wao evident 

for the R. D. group. 

Further examination o~ the date for each of the 

dependent measures by means of four-way analyses of variance 

~ ot covariance, was carried out. Wbile these procedures 

provided additicnal avidence, certain limitations in the 

experiment and in the instruments used qun11fied the findings. 
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CHAPl.'ER I 

Tfm RESEARCH ISSY!} 

IN;,rRQDUCTIQN. 

This investigation reports an experimental study of 

the interaction between children manifeeting dif'ferent 

cognitive styles, and two instructional methods. 

The cogn.1 tive style variable was assumed to be an 

individual difference factor which woul.d interact differen­

tially with teaching procedures to generate different levels 

of learning, and diffm•ent outcomes. The two instructional 

methods chosen as interacting independent variables possess 

a wbetantial research and theoretical literature, claims and 

counter-claims for the advantages of each having been a 

feature ot the dialogues 1n educational psychology for many 

years. The teaching methods and the cognitive stylos studied 

are cognate to the extent that each is concerned with the 

conceptual act1V1t1es of children. The content of the experi­

mental leesone, related to but not pert of the eur:t'ent New 

Zealand science curriculum tor Forms I to IV, involved 

concepts and principles. 

The interactions bet een the three cognitive modes 

and the two instructional methods were expected to be complex. 

Not only were differential interact ions anticipated between 

methods and styles, and with the ex of pupils, but_. 1'1rther­

mon1 the two methods were expecte<l to promote d1f:f'e..ent 

outcomes irrespective o:t style. 



2. 

THE PROBLEf 

u1 suggest that we set out to invent interactions. 
Specifically, we ought to take a d1f'~ercnt1a1 
variable we think promising and design alterna tive 
treatments to interact with that variable." 
(Cr ~nbach, 1967, p.32). 

" The question ot how people dit'fer 1n the rate, 

extent, style, and qualit7 or their learning is one which 

has c oncerned psychologists .f'or a great many yeurs," observed 

R. M. Gagne (1967, p.xi ) in his introduction to a cont'erence 

on Learn1.Llg am Indi Ti.dual. Ditterences. Ill tu.rt.her introduc­

tory comments, he stated "It appcnra that .tor ~ years the 

tradition o.f' intelligence testing seems to have cast an 

obscu:-ing shadow ower the whole enterprise." ,lhile claiming 

that conaiderobl.e advances have been mde in our knowledge 

of learn.J..ng, its varieties and condttiona, over the last 

decade, Gagn~ doubted whether simil.&r gains 1n our undei•­

atand1ng (and presumabl.7 treatment) or individual ditte1--ences 

b.llve been achieved. 

cronbach (1967, p.23) later during the conterence, 
I almost 1n direct l'e&ponse to Gagne, proposed a re.search 

strategy to examine the problem~ instructional methods and 

individual differences, a nd pointed out that h1.s approach 

called for "a new psychological tneor7 ~ aptitude." 

"I presume tbat an 1nd1vidu.il hAa a greater aptitw:le 
ror leai-ning ••••••• t'roa one thod o.f' teaching t.ban 
.f'rom another method tba t 1s eq w.lly .JOOc1 on ave~ge. 
1 pt1tude, pragmatical.l.J, incl~es llfhatever promotes 
the child• a sur'f'iftl 1n a particular educational 
environment, and it may have aa au.ch. to do with 
st7lea 0£ thougtlt and w1 th perao.na11 t7 nr1ab1ea as 
with the abilities covered 1n conventional teats." 
(Cronbach, ibid.) 



Cognitive tyle may well be a npN>11ds.1ng d1.t'f'erent1al. 

variab-leu or "apti twie" . De Cecco ( 1968, P• 75) regards some 

of theae styles as "learning st3les ••••••• personal ways in 

which illdi vi.duals process information in the cotll'Se of 

learning new concepts and principles", and cites conceptual 

te o (Kagan and aesociatea, 1964, 1965 and 1966) and selec­

tion strategics (~wier et al., 1956 ) as t"•o examples of 

l.earning s tyla which will intenct w1 th teaching procedures 

whose "objectives involve the learning of c-:>ncepta and prLu­

ciplea, a.n.d problem ol.Ving.u These tuo patteJ.'RS ot f'unotion.­

ing are COll81dered by De Cecco as bav1ng nao.y a1m1J.ar1t1es in 

the vay they :tnflllence individual learning .. 

Harvey, H Wl. t and Schroder ( 1961 ) p os tllla te that 

training conditions will interact ditterentially 1th the 

conceptual. s~otems or individual learntJrs to produce ei the~ 

progression ox• arreatation. Ful'thermore, their de1"1nition 

of concept ( l bid.• pp.1 -8) i uch tba t cogn.1 t1 ve ·t,vle y 

aonably be au.baumed within uch 0 sw,ject-object ties11
, 

., experiential t"il ters through which 1nt>in8'ln8 events are 

screened. gauged and ewlwited", and •organ1a t1onal prope~ 

t1 that not restricted to a, partic r 1~f'ei•ent 

ob3ect, b\lt igbt be directed t ard any ject." 'l'he1r 

partic~ "tb.eoret1ca1 t'ormttlaticm a e especiallY usetu.1 

b use it gives e to cosrutive .t"actoro {clearl7 of' 

i-elewmce to a for l lea.ming it ti.on and it outcomes) 

but &lao bee Qae 1 t do not 1n the l way ff in the 

dichotODJ1' bet -een f'f'ect and cogn.1t1on,.1l ( rrett 1969, 

p.12) . ~tll lea • the ve:n eclectic· m an.4 ooap»ehena1ve 



general! t7 of this position. 11th 1 ts integrating of the 

1'1ndinga Gd theories of Piaget and Werner, Kell.y, Heider, 

.Berlyne, Gesell, Festinger, F..rikson, Goldstein and Scheerer , 

necessitates a r estricti on to a particular c ognitive 

construct. 

The Kagan ( 1963, p. 76) eons true t with 1 ts tri:parti te 

classification, 1tana3.Ttio-desoriptive11
, 

111nt'erent1a1-

eategor1cal" • 0 rela.tional.", has a body 0£ literature indica­

ting increasing reaearcn support. I ts orientation dif'.t'ers 

rrom a number of well-known style c-onstruota. 

•twhlle W1tld.a (1962) and Gar<bler {19.59} have stressed 
perceptual tas , Kagan ha concentrated mostly on 
conceptual ctivit.ies, particularly in children." 
(.Holtzman, 1966., p.12J 

Ccm.seqwmtly. it wollld appear that the cognitive st;le here 

diacaaaed 1 an eapeciall.1' appropriate individual. variable 

to consider in interaction with 1nstrl1Ct1onal methods directed 

towards cognitive objectives. It has further been at lea-at 

pa11t1 l.17 demonstrated that the et7le construct ha c-orrelates 

with refleet1ve-1mplaa1Ye behaYiour (Kagan et al., 1963, 1964, 

1966J Si.gel et al., 1967), with acu: diff'erencea (Kagan et al. •• 

1963; 1se,l et al., 1967), •1th ttending behaviour (Blum 

and dc'Oelt. 1968; Sigel. et al.., 1967; Xas;an and Rosman, 1964), 

with con.cept-1 ( gan et al., 19661; Lee. Kagan 

di.n_g pertormanoe (Kagan, 1965), 

among other 80.b.ool-releYant and leamtng behavtour. Lawrence• a 

(1967. p.107} ·c:t utlalli&r.Y note and comments seem •ell wol'tb. 

citing here: 

" pt the 'ddmlce ls strongly aaggeatl ve rather 
than ooll'P*llf.cs:, bat it poiah to the poaalbilit7 
lbat the,e are 14entiftabl.e copt ti Ye styles or 
euateoea which diatJ.ngu.lah the mo or approach 
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or 1nd1T1duals to a riety of cognitive task&•••••• 
S\.lcl' st7l are manifest tions of consistent modes 
of cogni ti Te organisation and ppear to b related 
to other aspects of the 1nd1Vidual's functioning, 
such as 1mpu1s1 venesa, and to the interpersonal 
rel t1onsh1ps ot the child' s earliest yearn." 

Gage (1964, pp.268-285) argues persuasively that 

cognitive learning tasks and objectives imply the use or 
strategie (Smith et 1., 1967, p.1) ba ed on cognitive 

learning theory. While there .11117 be a danger in ass wntng 

definitive one-to-one relationship between objectives and 

methods, and king, 1n an extended R,lean enae, category 

mistake , there is a pl us1b111ty 1n ge'e ca e. t the 

same time it 1 apparent tbat cognitive learning theory, 

somewhat like t1 teaching", is a polymorphous concept, 1ne1u.­

ding within the one generic te~ di verse ref'erents. For 

example, meaningful reception learning (Ausubel, 1963'; 

Carrol.1, 1964) is someti sumed to be the antithesis of 

d1scavery learning (Bruner, 1961; Kersh and Wittrock, 1962; 

uchm.n, 1966; .v1ttroclt, 1963) by teachers and, on ocea ion, 

by so e writers (Hendrix, 1961). Rather than r preaent1.ng a 

Dewe7-decri d" ither-oru dichoto , it y well be tbat ch 

tb or; provides an explanati or diffeNnt learning ot.ttcomea 

ror dit'f'erent children. Bee use of the p ctic 1 and theo­

retical educ tional ignittcanc , nd the re e rah interest 

gene t d b.Y , the t t1 tr t 11pl03 d 1n 

th1a atw:13' w111 be ror or exgo 1tory te ch1ng ( uaabel, 

1963. p.19) nd gu1d discover; ( 1ttrock, 196.3; 

Brown., 1961). 

gn and 

t d the ence o-r the 

proble • llore direct]¥ in th ter ~ thi 1n sti t1on 
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the problem can be posed as the following question. "Will 

girls and boys manifesting different cognitive styles 

achieve different outcomes as a consequence of two different 

teaching strategies (Taba, 196~), 'guided discovery' (prin­

ciple derived) and 'expository' (principle given) teaching?" 

A number of' sub-problems emerge in considering the educa­

tional signif'icence of the problem. 

EDUCATIONAL SIGNIFICANCE. 

The educational significance of individual dif'f'erences 

is well-nigh axiomatic. Mussen (1965, p.129) argues that 

important characteristics of learners are children' a ''available 

cognitive structures11 (Ausubel, 1968), or what Cronbaeh (1965) 

has termed "symbolic systems at command11
, and that research 

is needed on cognitive style, perceptual modes and abilities, 

typical categories, characteristic concepts and modes of 

thought ot: children at different ages. "While personalized 

teaching" Mussen continues, "may be impracticable, 1 t is .!! 

least theoretical ly possible that the most et:f'icient teaching 

methods are those congruent with learners' cognitive s tylea." 

(Underlining not in original). 

Bruner (1966) suggests that "predispositions f:or 

learning" should be a priority variable in any theory of' 

instruction, and hile he does not deal specii'ically in this 

context with cognitive stylet much of his work implies that 

he wotlld include it. (Bruner et al., 1956; BrUD.er and Olver, 

196.3; Bruner and Tajfel, 1961). It seems likely tha.t Piaget's 

theory of cognitive adaptation (Gagn&, 1968) would imply con-
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stderat1on of' a "atch" {Hwit, 1961) between the stage of 

intellectual .fWl.Ct1on1ng and the task, and as Werner (Harztia, 

1956) suggests, "stage" implies both qualitative and quant1-

ta t 1 ve change. 

Methods-research outcomes have often been inconclusive, 

and for many possible reasons: operational de:finitions vary 

trom study to tudy; criterion measures vary with experimental. 

ti:aeatmenta; assumptions bOut subjects va.r7; so do tbe tasks, 

reaearch designs nd theoretical orientations. , basic .fac­

to~ contributing to the 1nconclus1 veness 1s suggested by 

McKe chie ( 1961 , p .111) : 

"Students who prof'it f'rom one method y do poorly in 
another, while other atwien.ta y do poorly in the 
t'1rst ethod and well 1n the second. ~ hen we average 
them together we find little overall dirf'erence 
between methods. u 

t;h1le it ia not clear that procedllres were held constant, 

and tba t 1 t wa not teaching e:t'f'eet tba t made the dif'f erence, 

Heil, Powell and Feit'er (1960, 1961) demonstratod tbat ditt­

erent kinda or teacher had d1tteren.t et't'ec:ts with different 

kinds of' chil.dren. 

It is t'el t, thererore, that this tad3 a.7 provide ome 

clue to 0 1 rn1Dg eyles", and to teaching thoda Which 7 

be appi-opriate to them. Pui-thor C01181del'ation will b.e given 

to a 41 logue or eatabli hed edac t1ooal importance, b7 em­

ployi.ng Tariant of' diaoover7 and ex.poaitional •thods in 

relat1ona.b1p ·to 1natruct1 nal ob~t1 • A collateral pro­

duct or the etud.7 will be d ta on tb.:e cogo.1t1Te at.,le ot a 

group of ,r Zealand achool children. as distinct rt-om children 

other claim to educational 

•or-thwh.ilenesa 1n this t~ llea 1n the 3axtapoa1t1oning ~ 
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the cho en cognitive style dimension and these two 1.nstrw::­

tional thods in particltlar; a survey of the 11 tera ture 

in.die te that this is a .new venture. 

u'h1l.e investigation in near naturalistic aettinp 

are inevitably compromised by the multitude of variabl.es 

(campbel l and Stanley, in Gage, 1963), and while e poaaess 

as 7et no theoey of t ching (Gage, 1964), nor does tbe 

eduoat1011al psychology of learning provide Wlq l.i:tied gUid­

ance { Qaga' , 1962a; Hill , 1963; Hilgard, 1964), th practical 

e:dgenc1ea ~ chooling de nd that some ttempt be de to 

locate iaportant factors 1n teaching. {T1lto.n, 1951, P• 7; 

Scandura, 1964, p.149). 



CHAPl'ER II 

11 The general view that cognitive functioning can be 

understood qualitatively as well as quantitatively," writes 

Cropley (1969, p.5), "is now ell established in the notion 

ot' 'cognitive style ' (Ausubel and Ausubel, 1966 J 1:11 tkin et 

al., 1954) and patterning of styles (Gardner, 1964)." 

The Apnua;J, ReyJew of Psychology (Klein et al., 1967, pp.508-

518) provide an imposing survey, e.nd .Ausubel (1 968, p.171) 

enumerates almost two dozen named modes of cognitive f'uno­

tioning without listing any of those subsumed in studies of 

creativity. It is obviously premature and presumptuous to 

attempt any synoptic sweep in the hope of establishing 

relationships among thos which have been studied to date. 

Nevertheless, many writers will agree to a considerable 

extent on a broad description of cognitive style as referring 

to 0 sel:f' consistent and enduring individual differences in 

cogn1t1 ve organisation and functioning. " (Ausubel, 1968, 

p.170) • 

Holtzman point out t t tyle dimen io 11 tend 

to be rather eluai • turning up 1n d1tf'er-ent cont1gurat1ons0
, 

that .,their ppe ranee a table ctor with the po sible 

exception of 11tk1n'a f'1eld-d d ncy conati-uet, ha no 
-be n clearl.7 d ·nstrated0

, an that oP rational det1n1t1ons 

and a ·urea vai-y ~ra inv stlgator to invest tor. 



"And yet at the time one cannot den, their 
existence ae potentially important aspects of 
mental runct 1on1ng that merit f'uX'ther I mox-e 
extensive study." (Holtmnan, 1966, p ~). 

It 1 apparent, Holtzman further 81'gues, that there are 

a1milar1 ties 1n the theoretical concepts and Nsearch 

strategies of Witkin, Gardner and Kagan . fal laeh (1962) 

ha commented, in imilar vein, that all three stress the 

general concept of active nalytic versus pas ive global 

cognitive functioning. 

10. 

Hcvrever, even euch inte~stive gener 11 tions 

require qualification. Holtzman himself wrote ' hile \V1tkin 

an4 Gardner have tressed perceptual tasks, Kagan has con­

centrated mostly on conceptual activities, particularly in 

children. 11 (1966, p .1 2). And i1allach, in association with 

Kogan (1965), demonstrated that global or "thematic" :runc­
tioning need not be passive at all , that 1t may, indeed did 

in their investigations, coJTelate 1th some measures of 

creativity. It nevertheless doe eeem, in spite of quite 

real ~ifferences, that there is a C)nsiderable degree of 

overlap between the theoretical constructs. The overlap ie 

continued in such behnv1oural correlates as e ponae del 7, 

impulse control, and cue depende cy, as well a the ox 
d1£~er ncea reported in the ccounta of the atudie of 

There ppe re to be coneid rnbl juet1f1cat1on, then, 

in concentrating on the gan ar.r.alyt1c-categorical- l.atio l 

dimension, with it ssoclated tlect1ve-1 pul 1 • 
and co id r 1ng other construct only ~h re t 7 



Thie 1a not to assume any final definitiveness in the 

findings, or that the dimension is necessarily tmitary or 

11. 

a single continuum; the evidence of eex differences alone 

would pteclude such an aesertion. some confidence in this 

course of action is provided by the :f'act that a number o~ 

educational psychologists representing somewhat different 

schools of thought regard the Kagan cognitive style construct 

as h&ving direct relevance to teaching and learning ( .uesen, 

1965; Cronbach, 1965; Gordon, 1966; Ausubel , 1968; de Cecco, 

196 8). 

The origins of cognitive style remain unresolved, 

and , ss might be expected, support for both genie and e,cper­

iential factors may be found. (-:a tk1r: et al., 1962 J Kagnn 

and Garn, 1963; Bing , 1963J Kagan and Lewis, 1965; Hess and 

Shipman, 1965; ~accoby, 1967). In the present state of the 

art an interaction the is appears reasonable. While dispo­

sitional factors undoubtedly erate a number of peycho­

socio-cultUPal factors seem important. 

Bing (1963), studying the ditterences 1n the child­

rearing practices r_.t sixty mothers, and 1n their behaviour 

with their children, in relation to dit'ferencee 1n the 

children•s cognitive '1eveloP nt, f'ound that: 

"discrepant rb l ability appears to be tostered by 
a close rel t1onsh1p 1th de di and somewhat 
1ntrua1ve ther, while diacr pant non v rbal abil-
1 ties are enhanced by 11 1ng tb child cona14erable 
degree Off ed. o xper ent on hi ovm. 0 (p.647). 

This conclusion is interesting when sex difference 

1n verbal and num r1cal abilities re eonsid red. 

th~ ai,e other int ting pointer 1n Bl!UJ' atudys 



"'l'be verbal interchange between child and mother 
seem to produce some 1nte:rvening conditions which 
enhance verbal more than number or spatial per­
formance. " ( p .646) • 

12. 

The role of language in cognitive develc:,pment remains 

a field or speculation, and the conceptual mode under discus­

sion is no exception. Hess and Shipman (1 965) found status 

differences in concept utilisation using a figure sort with 

the Kagan mode of class1f1cat1on. Theee parallelled the 

social-status differences found in the same sample in regard 

to verbal codes categorised after Bernstein, as ell ae 

person-oriented v rsus status-oriented control sy tems. 

Further statu differences were found 1n maternal teaching 

style. The marked relationship between these social status 

factors and the cognitive styles of the ahildren ar the one 

hundred and sixty-three Negro mothers is explained by the 

investigators• conclusion: 

"The gross d1tterences appeared in the verbal and 
cognitive environments that they (the mothers) 
presented." (p.59). 

Tentatively one might conjecture that the relatively 

lower rel1ab111 ty :t'1gures for the 1nf'erent1sl-categor1cal 

mode, which appear to depend in part upon language conven­

tions, might be related to the respondent• s verbal code. 

It is el o likely that boys• preferences tor science and 

mathematics re linked with child-rearing practice well 

a cultural-social. Xpeotstions and sex-tning coneequence • 

A consistent finding f'rOJJl the tudies of' Jero e Ka n 

and his coll gu a, although not unique to th m ( itkin_. 1962) • 

1 that t rear 1gn1f1cant x d1:f'ferenc 1n concept 1 

t7le (Kag t 1. t 1963; 19641 s1 l, 1967}. Sigel' (1967, 
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p.3) summary is appropriate and succinct: 
0 Developmental trends from cross-sections and 
longitudinal studies with elementary school children 
i ndicate that descriptive part-whole and categorical-
1nferential respon es increase in frequency 1th age, 
while relational-contextual responses tend to decrease 
with age. Boys show a greater rate of increase than 
girls in use of deaoriptive part-whole responses, 
while relational-contextual responses decrease for 
both sexes. Boys and girl s increase in the use of 
categor1ca1-1nferent1al labelling, but girls show 
peater 1noreasee than boys. (Kagan et al., 1963; 
Si gel, 1965) " . 

In the early reports (Kagan et al., 1963, p.89), confirming 

ev1c:1ence w s noted in the ex-different tability coefficients 

based on ate t-retest Of the conceptual styles test. with a 

twelve month inte 1 as the children moved through grade 

three to grade four. The analytic responses showed little 

change f'or girls ( r= • 70; p-<" .001), while the nonanalytic 

mode for boys reflected more than modest stability. (r; .64; 

p-=:::.001) . The differences reported are not confined to the 

te t instruments, and re observed in a number of behaviour 

patterns; f or example, errori core in a learning ta k with 

geometric stimuli were more frequent for girls than tor boys. 

Kagan claims (p.97): 
11The greater n iber of f,igure rrors for g1rle! 1n 
aontr st to boys, 1 c cordant w1 th th 1r t aency 
to give fewer alyt1c re ponses on our teat and 
with \ 1tlt1n 's f'1nd~ that girls are re ~1 ld-
d p dent than boys. 

There may be 1n tbie cl 1 e confound g of two lightly 

different uee of the ord 'analytic", and of spatial b111 ty 

with pref rrr d mode. .. everthele s, the ~idenoe for different 

patterns of cogni ti v styl bet e n le end female is co -

incing 1n toto. At the e time, it see likely t t the 
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di t1nct1ons are not simple. as Kagan {1963) 1n41cated in 

reply to \'lfl llach: 

"The analytic attitude appears to be mult1d1mens1onal 
and mult1ply-<11eterm1ned. For example, analytic res­
ponses are of different significance 1n girls and 
b 0yB e II ( p e 1 2 3) • 

A variable which has been associated with the partic­

ular conceptual mode being considered has been that of delay. 

nalytic children, aleo considered reflective in conceptual 

tempo, suggests Kagan , t nd to withhold response until they 

have evaluated the risk in alternative ans ers. Others 

(1mpu1s1ves) who maker lational responses on conceptual 

style tests, choose quickly and w1 th less thorough evalu­

ation of the various possibilities. '!lard (1968 , pp.867-

868) wrote: 

"For children 1n the early school years, this 
responac style (i.e. to delay) predicts a number 
of err<111 on teat of 1nduct1 ve reasoning (Kagan, 
Pearson and \7 elch, 1 966) and of' word reading 
(Kagan , 1965) a well s preforence for analytic 
as opposed to thematic groupings on the Conceptual 
Style Test (Kagan, Moss and Sigel, 1963)." 

1ard te ted the postulation (Kagan et al., 1964, p .34) that 

the impulsive child wae avoiding anxiety stress by responding 

quickly, and :found that i :pulsive children, after ~eing in­

tor d of error, responde4' ubsequ ntly 1th greater del y. 

"Impul 1 e children ere thus more responsive to ev luational 

cuea", rd conclud d (1968, p.873), 1n re erenc to the 

tiv -ye r-ollt chil~ren tudied. w rd gr ed 1th K n 

(Kagan et al., 1964, p .33-34) tho.t lo er reepons ti e 

might be "due to eat r involvement and desire to do w 11 

on intellectual tasks, and t t cognit1 e 1 uls1V1ty 1 



inatance of a broader syndrome hich includes high motor 

activity and short attention s pan . 0 In this investigation, 

no effects were folmd of the child's age, sex or intelligence. 

The final statement Ward provides on his data, questions one 

earlier Kagan interpretation. 

"They make it clear, ho ever, that situe.tional 
variablee as well as 'f ctors intrinsic to the child 
play a role in effecting reflective or impulsive 
behaViour. 11 (:p.873). 

This 1e not entirely surprising, for as Sigel (1967) 

points out, tyle is a .,preferential mode of categori at1on 

expressed in n situation where altwnatives are po eible." 

(p.2). .!achtel (1968) in an empirical investigation of the 

~elation between the dimensions studied by Kagan and Witkin, 

as a replication of ~essick and Fr1tzky's (1963) study, 

employed a group embedded-figures test and a figure sorting 

t ask with ad ign variation task as a criterion measure. 

The field-in ependent male psychology · tudents showed gener l 

superiority over field-denendent etudents in identifying part 

aapeete . 1ere superior in verbal intel ligence measures 

(t = 2.48; p-=::- .02) and on the criterion task (F = 23.21; 

pc::::..001) . It would appear, ~·achtel report (p.207), th1lt a 

co . on capacity, 1ndepend nt of verbal intelligence, which 

was covaried 1n the naly is of rianc • underlies per:t'or-

mnnce on th mbed ed•f1gur et et and on the de i riat1ons 

t • ,_., ... er• th re a 11 t tle evidence for ~ rel tion 

b t en the style of c tegori tion and p n-ormanee on th 

arller cr1 t ion t& , or en t e edded-f1g'lll'es te t. 

1tk1n e al. (1962) indicated t t the . l,yt1c ract r• 



istic of field-independents is a specific superiority in 

extracting items from on embedding context, rather than 

a general responding to discrete pol"tions of a stimulus. 

Factor analytic studies by Karp (1 n63) and others hnve 

16. 

lent support to this interpretation. ,....'achtel 's conclusions 

(p.209) are t hat the two measures represent different as­

pects of analytic f'unct1on1ng , that while V/1 tkin' s tests 

"measure a subject's g§paoity", Kngan's tests measure 

"a s!izlistic pre:terenge" • (Ito.lies in original). If this 

is o, it provides additional support to Sigel's comment 

and to i:.rard's summation. It ould also account for some 

of the variations reported in other studies where instru­

ments of n demond nature rather than those presenting 

alternative possibilities have been used. ";','here overlaps 

between responses on ;"itkin's test and too oonceptual 

styles test are found, they probably reflect the relation­

ship bet :een perceptual and cognitive processes discussed 

by Ausubel (1965). 

7h1le situational factors can be expected to inter ct 

with stylistic pref'erencee for 1nfor tion processing, these 

conceptual mode do app r to beco increasingly stable, 

and are not a.lw y usceptible to much odification {ct. 

Yando and n, 1966). Two p tioul.ar ccount in t 

11 terature re relevant to thi point. .i'\.a~~, Pe r on and 

velch (196&) ttempted to ans r the o qu. t ions: 

Can an impul 1 e ettitud be modified through direct 

training in ret'lect ion? 
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Is there any training advantage when the child 

initially perceives sane bae1a of similarity to the 

trainer? 

While the training procedures did produce larger response 

latencies among impulsive children, and the tendency to delay 

did generalise to an adult other thnn the trainer, no signif­

icant change was observed i ri the number of errors made, nor 

was generalisation to an inductive reasoning test found. 

Edwards (1969) tried to evaluate the ettects of instruction 

in categorising on a modified conceptual styles tewt. The 

first grade boyo involved 1n the investigation were assigned 

by three t.Q. levels (P1ntner-Cunn1nghnm) to one of three 

con~itions - prompted, unprompted or control. It is noted 

that F.dwards ' interest see~a to be focussed mainly on the 

number of responses. The subjecte in both treatment groups 

made significantly more catecor1aat1ons than the control 

group, and nlao made more analytic and 1nferent1al-categor1cal 

responses . However , change scores are not reported, nor is 

it stated whether the modified response pattern was stable 

over time. The unprompted group, tor example, performed as 

well ao the prompted inaofor oe total categorisations and use 

ot analytic and categorical-1.nf'erential responses were con­

cerned. Edwards etatee (p.142): 

"From those data, then cbildron who are required to 
categorise objects on their own do ao well or better 
when claasifying new objects than children who are 
given intensive cues suggesting reasons for matching 
objects. " 

An inspection of the results 1nd1catcs that the unprompted 

griou.p made more relational reapqnses than did the prompted 
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group, maintaining a similar pattern across categories to 

the control group . It is 1n the categorical-inferent1al 

mode that the prompted group eeme to have gained, If this 

is indeed so, it may reflect a language ef:f'ect as suggested 

earli er in this review. 

Two other conclusions drawn by Fdwa rds seem relevant 

to this discussion of Ka.gan•e hypothetical const :ruct. 

significant positive correlation (r = .36; P.C:::::-•01) found 

between inferential-categori cal and relational :responses 

with these euojects, nd this, together with Wallach's and 

Kogan' e ( 1965) report that boys high in both intelligence 

and cNativity exhibited a balanced usage of relational and 

inferential-categorical reasons when grouping, Edwards inter­

prets ae throwing doubt on the un1d1mens1onal1ty of relational 

concept preferences as posited by Kagan et al. (1963). It is 

possible that the categorical-inferential mode, however, is 

the more complex. ~dwards repoi-ts that intellectual ability 

was related to the frequency of categorical-inferential con­

cepts employed to classify objects on his criterion teat, a 

finding supported 1n llach and Kogan' s ( 1 965) study, wherea 

I . Q . was not related to the numbel' of relational or analytic 

concepts employed 1n categorising object in either study. 

In each case it mus t be noted the subject ere boys. 

dif~erent pattern emerges when the relation hip between c te­

gor1 1ng prefer~nce and gener l intellectual ability tor 

girls ie considered. 

Sigel (1967, p.3) 



"Relationship between styles or oategorisation and 
r.o. (California Mental Maturity ~cale) has been 
assessed in a number of studies. For the 4eecrip-
t 1ve part-whole approach, s1gn1f1ce.nt relationships 
have been found with pex-t'ormance I.0. for boys only; 
relational-contextual labelling was negatively _ 
related to verbal and performance I.Q. for the boys 
and girls, but e1gn1:f'icsntl.y negative only for 
performance and full-scale I.Q. for boys, but 
ehowed strong trends 1n relation to I.Q. for g1rl8 
(Kagan et al., 1963). Categorical-inferential 
lsbela were eignif'icantly associated with •erbal 
and performance I .Q. for boys, but only trends are 
evident for the girls. The relationships ?.'1th r .Q., 
then, ere contingent on sex of the respondent, as 
well as whether the I .o. is verbal or per:f'ormance. 11 

It seems likely that some of the discrepancies 1n the 

literature 1n regard to general bilities and conceptual 

style are associated with somewhat di:f't'ering measures of 

both categorising preferences and intelligence, confounded 

by eex and age, or developmental level. l1lthough itachtel 

(1968) argues for a distinction between capacity and style, 

there 1s no necessary bifurcation between level of intellec­

tual :functioning and mode; both Cropley (1969) and Holtzman 

(1966) postulate a developmental interaction. Nevertheless, 

the research reports and the theol'et1cal literature incline 

the balance of evidence t rds the vi t ~at the cognitive 

atyle preferences under diaeu.eeion have shown t mporal atab-

1llty in 1nd1v1duals and inter-task generality. 

The generality ie also noted in ssoe1at1on with a 

numbe~ of personality characteristics. For xa plet desc~1p­

t1v p ri-whole r sponses have be "found to be r 1 ted to 

expression, rer1 ctivene 

1ndepend nc nd achi 'V lle!lt orientation in boys, while 

rel.a t1ona1-context l epon lated to impulsivity, 
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c!ependence and anxiety." (Sigel, 1967, p .4) • The results t'or 

girls and wanen over the same domains are equivocal. 

This study 1s concemed with the extent to which 

categorising preferences are variables affecting school 

learning. .A ccordingly, attention is now turned to achool­

task-relevnnt investigations. Kagan. Pearson and Welch (19661 

showed th.at: 

na reflective tendency generalises to 1nductive­
reaaon1ng tasks that contain certain response 
uncertainty •••••• The impulsive child responds 
quickly in situations where inferences ai•e required; 
he seems to report the first idea that occurs to 
him." (p . 594). 

In discussing their results the authors of'fer advice to 

teachers, remarking on the requirement of' inference :t'rom the 

child in al'ithmetic, social studies and science, and, in t"act, 

any pl'ogramme which emphaaiaee discovery learning methods of 

instruction, .A similar conclusion as :far as response uncer­

tainty 'o concerned is reported 1n Ko.gan's (1965) studies of 

reflection-1mpulsivity and reading ab1 ity 1n primary grade 

children. Hypotheses that re:flective children, in con.tr st 

to 1mpu.ls1 ve ones, would make fewer errors in reading English 

words presented singly or in a prose section, ere conN.rmod. 

The degree of response uncertainty seems to b a :factor in 

the situation 1nf'luenc1ng the extent to which a preferred 

mode 1 employed• f'or relationships between :f'a t decision 

times end reading errors w re more clearly apparent with high 

verb l subjects than low verbal subjects, for whom the tasks 

may havo been too dif:f"icult to off'er alternative • Kagan 

sug sta ( 1965~ that d1ecovE:ry approaches, spec1 lly where 
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they involve greater tban usunl cognitive coat, may be 

inappropriate, since "impulsive children are apt to settle 

on the wrong conclusions 1n the inferential method, and 

become vulnerable to developing tee lings of inadequacy." 

(p.561). Lee et al.(1963) produce :t"urther data trom the 

responses of thirty third-grade boys, identified by means of 

the Conceptual Styles Test, to show that those who haTe a 

preference for analytic groupings learn analytic concepts 

more readily than do non-analytic boys, who learn relational 

concepts with greater ease. The reoenrchera state (p.~): 

0 These results suggest that the final outcome ot a 
conceptua11sat1on task is not merely.._, t'unct1on 
or the ability to form associations between stimuli 
and respQnsee, or the availability of mediation.al 
labels that ere relevant to the content of the class 
being t'ormed. Co.nceptua1 products are also intluenced 
by the indiv1dua1' s preferred tocuo of attention during 
the 1ni tial stages of learning." 
"EVidence has been accruing," write Blum and Adcock 

(1 967, 1>.31) 1n their selective review of attention and early 

learning, "that children attend d1tterently, not only on the 

basis ot age and sex, but also on the basis C1f what baa become 

known as 'cognitive style'." .Attempts have been made to 

differentiate between analytic and non-analytic stylea with 

indices ot attention. Kagan and Rosman (1964) found tbnt 

cardiac deceleration and reapiration variability at analytic 

and non-analytic boys differ, aa do these ratee dur1ng periods 

o-r attention eJld rest. Blum and Adeoek continue their renew 

commenting an attention aa a two-f'aceted phenomenon inVOlving 

"both ecan am field articulation, depending an the teak 

involved", and pointing out that "we eee t'rom Kagan et al.'• 

work that a tendency towards ane or other type attentive 
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behaviour exist rel t1vely independent o:r the task require­

ments." The reviewers note that research by Blwn and Brovel'D'l8.n 

(1967) suprJOrted this position. and that 1th the additional 

con:firmation or Gal'dner and Long' (1962) investigation or 

scan and field articulation in sixty housewives, it might 

"point to the enduring nature ot sueh reeponee or cognitive 

styles." (p.32) 

An Ql'ea still lacking the :t.1ne edge ot precision 

concerns the meBSUl'e which bave been used to define cognitive 

tyle • For some studies an array of diser te figures provide 

the t1mul1, the ubject being ed to el ct groups from 

the 11rra7; for other studie, a set of triads comprises the 

stimulus situation, with the subject selecting two t'rom each 

grrup o:f three on the basis at perceived similarity,.- The 

ree.scm.s provided :for grouping or aeleoting are scored according 

to criteria; the scores are then cod ir1 the thr e ce.tegoriee 

descr1pt1ve-onalyt1o, categori~ l-1r~,.,l'ent1al e:id l'elatianal­

contextual. Reterring to the triad system, the senior author 

(Kagan et al.• 1963) expressed the judg ent: 

" :le regal'd the •••• eance-ptual tyle t t a a· much 
bett r sur o:t analytic ttitude in children t n 
the free rt1ng ot hums?t figttr • 0 (p.110). 

The criteria for what in detail 1n 

the report (Ka et 1., 1963; · nd Ko , 1965J 

Sigel, 1967), but hav 4 g n 1 co is ency. 

The fir conceptual tyl test s the · 3 ct of cr1tic1 

on the ground ( right and Ka n, 1 ~3) tbat t 

l'Nt tian 

ton 1 coul t ttact .e.na t · t 



(b) the test was constructed 1n such way as to 

limit the number of categorical-inferential 

responses. 

subsequent studies suggest that the negative correlations 

are more likely to reflect actual differences in cognitive 

style than to be artifacts. In addition, the conceptual 

at7lea test permits subjects to select the same two stimulus 

figures from the triad but tor reasons which may be coded 

under different categories from the tripartite classification. 

Furthermore, the number of 1nterent1al-categor1cal responses 

may be increased thl'ough item constroction and selection 

following item analyei. Thus, it is suggested, cognitive 

style may be defined by a conceptual styles test which pre­

sents triads from which the subject will select pairs accor­

ding to perceived similarity, the reason for each pairing 

being stated by the subject and coded by the examiner on the 

'basis of established criteria. The cP1ter1a already eatab-

11 hed {Kagan et al., 1963, 1964; Wallach and Kogan, 1965; 

Sigel et al., 1967) will guide th coding in th1a study. 

While necessarily selective, the literature and research 

etudiea surveyed provide support for asserting the stability, 

generality and educational relevance of Jerome Kagan•s cognitive 

style construct. The d1 . crepanc1es bet een 1nveat1gat1ona seem 

to large extent to b explicable on the gl'Ounde ot defining 

easures, the age and eex of the subjeats 1 and the nature ot 

the task, be it demand or one that ermitted prere ence in 

choosing among alternativee. The conceptual tylea a complex 
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and mult1d1mene1onal, but there is a coherence about the 

patterns of responses and their correlates which provide 

shape for the construct, even i f definitive boundar1e are 

not possible at t his stage. The developmental trends observed 

in longitudinal studies (Kagan and oes, 1962), together with 

many theoretical postulations (e.g . Piaget, Werner, Vernon, 

Witkin, O~rdner), impl.7 a progressive diff erentiation in cog­

nitive 1'Unct1on1ng such that at any paJtticular "stage", a 

gen.er 1 pattern of preterred o tegorieing might be ant1c1pat d 

with younger children demonstrating a tendency towards the 

global, and older persons de onstrating a more diffel'entiated 

mode. To the extent that re earch endorses this likelihood, 

one might SJ:tgue :for the stochastic (Berl.yne, 1965) nature ot 

cognitive style. Certainly, conceptual modes 1n this sense 

hav parallels with factor analytic studies of intelligence, 

and at the eam time with Vernon' s (1961) hier Nhical view 

of "the infinitely varied thinking processes" termed intelli­

gence. 

The argument thus far hae tend d to emphes1 e gl'OUp 

trends, but thi hae not been to deny 1ndiv1 ual difference 

and esociat d var1ab111ty. Strong oti t1onal factor 

(e.g. ne d t or pproval tt'O ding teacher) inte ct-

1ng with styli tic pr t renc s 1n dift rent eti l situ t1ons 

are likely to generat some ria tion from the prob b111 tic 

prediction b ed on defining aaure • The ~terrelat1ona 

of t:,le and motivatio re at111 unre olved. While it -

ti onal t ctor , for e ple, und bt dly play a part in 

deciding th extent to which pr erred e ar ployed, 



there eeme little doubt that individual ccm 1atenc1es in 

cognitive style, in turn, influence which stimulus aspects 

are selected as a basis for grouping . Those quest1 ons whiah 

persist (e. g . concerning the determinants, the role of lan­

gu.age, the extent to which the styles are modifiable, the 

stage at which they becane stabilised and resist change, the 

judgements about the long-term consequences of one l'ather 

than another mode) a:re the very queations which persist 1n 

regard to the whole range of human intellectual f'unct1oning . 

The asaumptions underlying a theory of cognitive trtyle 

are the as umpt1ons that Baldwin (cited in Xohlberg, 1968, 

p.1017) expands in connection 1th any "cognitive" theory. 

Thie study le concerned less with error score or delay in 

near-laboratory types o:f' situation than 1t is with the inter­

action between cognitive style and instructional methods in 

a near-naturalistic school situation. Kagan (1965~ pp .561-

56 2) suggests part ot the reason tor this: 

"There is not only interact! on between the psycho­
logical organisation or the child end the method ot 
presentation, but also between the substantive 
content and the method of presentation. It would 
seem that contents that re tailored ror 41 covery 
learning are di c1plines coo.ta1ning principle that 
are usu8lly induced through the pro11t ration ~ 
bypothe s." 
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CHAPTER lll 

RFVIEW OF ME'rlf)DS: DISC9Yfil3Y 

sow ISSUF.S. 

Discussing "Issues Current in !i'ducnt1onal Psychology" . 

Cronb ch (1965) exposed to critical examination some of the 

slogans in regara to discovery and did ctie teaching methods , 

and revealed the programnatic (Schettler, 1960) and emotive 

natuN of many ar the definitions o~ the two terms. The ca e 

~or (Bruner, 1961; Hendrix, 1961; , 1962; chman, 1964) 

and against (Ausubel, 1961 ,1963°,1968) discovery procedures 

haa become part of the corpus llternr um or ducational psychol­

ogy, particul.arly since 1955. The educational and peycho1ogical 

rat1onn1e of discovery learning has been most eloquently stat 

by Bruner ( 1 961 ) , who sees the benef1 ts in ter s ~ 1ncreasec1 

~ell. ctual potency, intrinsic motivation. 1mprovec1 tech­

niques or heuristics o-r problem solving and enquiry, more 

per onal meaning through invol ement, more generic 1 ming 

-te, retention and tranat J]Olf r and 1n. its contribution 

to such 3or ed:ucat1ona1 goal as p~bl solving ability, 

autcm and le ming- -to-1 am. 

rter a c1o crotiny or the earch nd r1t1ng, 

A su 1 (1968, p.472-473) emmnell'i d what he considered " 

1 g1t1 e claims, t 4e 1ble use , and t lp le 

t of the disc thocl". ......11" • .,. the e warr ted 

clai el'e counted ed n ge for children 1n the concrete-

op t1onal. .stage ~ eve lop t; f!or l ming ta wher 



concrete~emp1r1cal experience 1s a pre-requisite to meaning . 

or where the task ls d1N'1Ct1lt and unt'amiliar; as a means 

of evaluating hypothesis-making, problem-solving 8k111s and 

desirable attitudes towards inquiry and the sc1ent1:t"ic method. 

!lusubel concludes: 

"Finally •••••• it still seems plausible to su-ppos-e 
that the greater ettort, . o"tivatlon, excitement an4 
vividness associated with independent discovery lead 
to somewhat gl'eater learning and retention. One 
might expect the adVantages con:terred by discovery 
techn1 quee to be even F,ater w1 th respect to 
trans:terrab111ty •••••• t (s i c) 

AuBUbel 's main criticisms~ the disC'OVery hypothesis 

("J'ittrock, 1966), apart t'rom his rejection of' many extra gent 

c1a1ms (e.g . !Iendt"ix, 1961), are twofold. He questions the 

appropriateness of the method for transmitting the substantive 

content o~ a discipline to cognitively mature students, and 

he questions the relative etfic1ency of the method 1n achie­

ving cognitive goals (concepts end pr1nc1;ples) which 1ght 

be as ett ct1vely learned through expository teaching 1n leas 

time and with less cognitive cost. 

The ery words 'discovery• and 'exposition• tempt 

proponent to raise positional banner, and Ausubel (1963~ 

p.19) found himsel:t' 1 elled to provide a cogent d~enee ar 

ositoi-y teaching. xp ition is r gal'ded a. c:reati e 

teach! ent r1s , de nding l>111ty in "eeleet1ng, organ-

1 1 , pre nt1n tter content 

1n a develo en -Uy :pp priate manner, so that a 41rect 

grasp of h1 r-onei- relationah!p among · tractions might 

be pean1ngtglty achieved 7 leSl'nerts. For Carroll (1964), 

too, a fro economy and ett1c1enc7 1n us ot t It 
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expos1t1cmel proeeduree when combined with practice are 

particularly sueee-ssf'ul 1n tes.chj_ng concepts and pP1nc1p1ea, 

and have special atNm.gth in the presentation ~ an organising 

frs.mework 1n which to learn the unifying pr1nc1plea of a dis­

cipline. !ta Cronbach (1965) 1neis!-vely argued, didactic 

teaching need not be authoritarian, 1dent1:f'1ed with rote 

learning, or (1966) condemned to occupy a strategically eak 

position vis -vis discovery approaches. 

Fewer tendencies to polarise the two strategies al'e 

apparent 1n the more recent 11tera~e (Cr-onbach, 1965,1966; 

Johnson and Stratoon, 1966; •.usubel, 1968) . Kersh (1964, P• 

230) commented a~ter a survey of several studies"• •••••• 

learning by discovery io not neccssari ly the most ef't"ect 1ve 

learning procedure for all teaching objectives •••• 0 Taba 

(1963), f usubel (1961), Kersh and ''1ittrock (1962) and 

B1bergall (1966) concur in see1ng rote le ming as distin­

guishable from meaningful reception learning ant! disco ry 

learning , and each recognisee the potential meaningfulness 

inher t in both discovery and expo itory teaching. Either 

type, B1bergall (1966) agrees with usubel, can 'be mac!e 

aningf'ul or ~ote. The dialogue in the past been over-

laid with an exee or tatic ar1a1ng rro 1tteNnt Yiewe 

about th"E! r-ole orverbal1· tion (Hendrix, 1961; Ta'ba, 1963; 

littrock,. 1963; gn 8ll4 th, 1962); bout 1or,1t1ee in 

educational goals (Ci-onbach, 1966) and consequently cr1ter1 J 

about t t'leductiY -1nc!u.ct1Ti d te; nt! by t remnant ~ 

the thor1tarian-d oo tie d.1 lect1c ( derson. 1959). 
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CONCF.PrUAL PPODLF''S. 

The appropriateness of either method appears to depend 

on the objectives pursued (Kersh, 1964; Cronbach, 1966), the 

nature of the task (Kersh, 1964), nnd pupil characteristics 

including, inter alia, age (Ausubel, 196lf), prior learning 

(Gagne and Brown, 1961), set (·,;1 ttrock, 1963~ 1964), and 

general ability (Corman, 1957) . Dearden's (1967) philosoph­

ical analysis or discovery teaching throws a probing light 

on such Wlstated aeaumptions as ''abstractionism" , and points 

out that discovery learning 1s no uni taey construct , but one 

which differs in degree ao well as kind at different deTelop­

mental levels. Scandura (1964, p.149) endorses the educa­

tional psychologist's awareness ot the complexity when he 

observes" •••••• exposition and discovery refer to classee 

of methodology - not uniquely defined methods •••• " 

Conceptual and research problems characterise much of 

the discourse concerning discovery. For example, the ques­

tion "What is discovery?" raises epistemological, 11ngu1st1c 

and psychological issues. VlittPOck (1966) has analysed some 

of the issues, exposing the tautological problem J1eaulting 

trom attributing the same name to independent , dependent and 

intervening variables, and the problems resulting trom 

semantic inconsistenciea 1n labelling different treatments 

(independent variables) in the ea.me way. The aemant1c 

problem appears to require resolution through clearly stip­

ulated operational detinitione, since, at this stage, there 

1a no t axonomy or treatments. 1ttrock (196:,i) proposed that 

descriptive ter11111 be uaed to label the treatments, and that 
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the amount of guidance or direction in providing rules and/or 

solutions be specified. (~ ittrock and Kersh, 1962). ry1tt:rock 

(1963i p.184) exemplifies the problem in referring to the 

inconsistent ttse ot labels for independent VBriables in 

empirical studies: 

"K1ttell's (1957) intermediate direction P._"Oup, 
Kersh's (1962) rote learning group, Craig s (1956) 
directed group, Katona's (19401 p .. 36) understanding 
group, and Forgus and Schwartz a (1957) observer 
groups are all examples of giving of rules.•~ 

Lster studies have tended to be more precise, by either 

spec1t'y1.ng the treatments in such a WflY as to indicate the 

provision (or not) o~ rules and solutions (Guthrie, 1967; 

Rou.ghead and Scancfura, 1968), or by stating clear criteria 

by which to define the treatments (Oliver and Shaver, 1966; 

~,orthen, 196~. A further feature of more recent studies has 

been the tendency to avoid the tautological problem by re­

stricting the term discovery to one class of' major variables 

( .. Iorthen, 196~. In addition to more precise operational 

definitions and the restriction of the term discovery, a 

number of wr1 ters (see e.g. Shul.man and Ke1 slar, 1 966) baTe 

suggested that where the term 1s used to re~er to intervening 

variables, the criteria on which the inference is based 

should be clearly indicated. 

For example, a 41st1nct1 on can be drawn between 

learni.ng to discover, and learning by discoTery (Glaser, 1966). 

Although a close examination 01' criterion measures (er. Kersh, 

1958,1962, and Gagne and Brown. 1961) w1l.l help to identity 

1n which sense the term is being used, the distinction 1a 

more honoured 1n the breach than the observance. Enn Shulman 
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and Ke1s1ar (19(,6, p .192), discussing the Cont'erence on 

Diecover:y from their editorial pers~ective, fail to maintain 

the distinction. Com-nenting on the intervening variable as 

"an inference baaed on several kinds or evidence," they 

suggest as minimal criteria: 

n1 • f. lthough the learner may have access to a good 
deal or in.formation prior to solving a problem, 
the identification o'f' the solut1ona themselves 
must Dever be part of the 1n:format1on he is 
given. 

2. The learner must be able to generalize the 
solution to other situations. If no such 
transter ia evident, the successful 1'1ret 
solution is considered an accident and not a 
discovery." 

These criteria, 1n spite or the int"erences which can be 

drawn t'rom the :rirst , appear to be long to the learning l?.z 

discovery category. 

That the uses of the word discovery are manifold 

became obvious at the Stanford-sponsored co~erence. One 

group ot participants wished to discard the notion of covert 

mediational mechanisms, and to concentrate on input and output 

variables only. The majority preferred to accept the cancept 

or internal mediAtors as a usef'ul conatruct tor any investi­

gation or diacoTery learning, and ot tbeae aaae, like Ken4ler, 

t'elt that language waa o~ central importance 1n the :mediating 

proceeaee. Ge.gn4, representing a third point ct view, aaw 

the term as having broad application to any task, be 1 t motor 

skill , as:aoc1et1on, discrimination or p:r-1nc1ple learning an4 

problem eolrtng, ?.'here the learner 1s engagec! in search and 

selection proces3ea. The :tourth viewpoint was prOTided by 

thoae who limited the uae ot the word to cogn1t1Te ai-eaa t4 



leal"ning; these participant empha-gised the act of ateeovery 

per ee (Bruner,. 1961). 

The rese!ll*Ch literature re.fleets simila.t" variety. 

Kersh (1958,1962) attributed to motivation a central place 

among the intervening variables; motivational t"actors account­

ing for the "t ravel effectlf o:f discovery lenrni?".g (ef. Be4d­

e1y' a 1963 study o i' zeigar.nik effects). Hendrix (1961) 

postula ted p~e-verbal 1ntu1t!ng of' relationships as the 

crucial. internal meehnnism. Kol"'Jlreich {1969) suggested that 

pr.oblem-solV1ng atrategie rather than specif'ic reaponae 

ohoicee w,ere the dia tops ef 1mpoptance 11" transfer were 

the ob~ective. Eaeh tel'Jds to use the ord pr rily 1n the 

learning to discover sense, as wel1 a s the 1earn1ng .l2l 

discovery sense, but the categories overlap and el"ge until 

the boundaries are l.ost. The diverse uses ~ the term 11187 

be i-et"leet ionn of the perennial process-product debate. 

If the question ni t is discovery?" ha elicited 

host of answers, it is no surprise to find a similar y1el4 to 

_ the _q__uest1on_ ":r!hst 1s d1accwePeEl?'t • Kersh and W1ttroclt (1962), 

after surveying number of studies, conclude that the answff 

can b parsimoniousl.y prortded by deeidtng t it 1a that 

ha been practised and reinforced,. Sc:s.nduP (t968) auggests 

that th answer depends larg~ly on the set 1)1,'()'Videc! by 

1nstruct1ons, and t · t the t be, 1n t-Punct1cm Lan-

aaaae~ to seek deriv t1on-rule for deriving a cl.au of· more 

p cific l*Ule • llendl'1x (1947) rgued, with theor-et1ca1 

Vigour it not empirical riaour (Ausubel, 1968)., tbat the 

essential. diacayery- 18 a su'b-ve:t"b l. &11'81"'.ene a. a pre-nqu.1 it 
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to meaning. Kornreich (1969) suggests that what is prompted 

is what is leamed, but his work and the investigations o-r 

Wittrock indicate that the degree o:f' specificity of the cues 

and prompts may be the critical :factors 1n determining what 

1s discovered • 

fnother quection underlying the research concerns the 

stage of learning when discovery, as a covert !.)rocess, occurs. 

Th1s question is relevant to claims for sub-verbal mrareneas 

(Hendrix, 1961), and is srumered 1n part by Kersh and t~·1tt­

rock (1962, p.462), Who state that it is "likely to occur 

vtor to the learner's first aece_pte.ble response." Jacobson 

et al., (1969), discussing the rclntionship of intelligence 

and mediating processes to conceptual learning, suggest thllt 

these influences are likely to have most effect duril'lg the 

respanse generation stage r other than the recognition stage. 

Though the d1:rect1on or the answers is consistent, the explan­

ations, rather lllte those ret'erring to problem solving (Duncan, 

1956), seem still rather tentative. 

The answers provided in the literature appear to have 

been 1n:r1uencet! by the cr1 terion measure a used, by the theo­

retical orient at ion o-r the researcher , and by the nnture of 

the learning task. Reports have stressed motivation (Kersh, 

1958, 1962; Bruner, 1 961 ) ; attitudes (Kagan, 1966; CrCll.bach, 

1966; Worthen, 1968); se1t-percept1one (Cronbach, 1966; 

Kagan, 19661,; nna attectivity ge.nerally (Wittrock, 1966), 

apart :tram cognitive rutcanee. cognitive objectives most 

h'tequently stressed include r etention (Craig, 1956; Ra,y, 1961 J 

Kersh. 1962; Guthrie, 1967}; ability to trana:ter (Hasl.erud 



encl Meyers, 1958; OflS?lB and Browm. 1961 ; Guthrie, 1967) ; 

problem-solVing techniques (W1 ttrock et al., 1964; Worthen, 

196&); pr1ne1p1e leernillg (Forgua and Schwartz, 1957; 

Haslerod and Meyers , 1958); as well as concept 1dentif1cat1on 

and d1scr1m1nat1on (Kornreich, 1969). The most NH!ellt studies 

have used multiple criteria. Por example, ''!orthen (1968i used 

tests of initial learning, retention, t:Minsf'er and heuristics, 

supplemented b y measures o-r att1 tuc!-es and pupil perception 

of the tonehing approach. 

Learning tasks have been somewhat restricted 1n range. 

Cryptogram tasks (Haalerud and eyera, 1958); word ta ks 

(Craig, 1956; Kittell. 1957); number eries (Kersh, 1958, 

1962; Gagne and Brown, 1 961 ; oughead and Scandura, 1 968) ; 

and codes of various kinds (Forgus and Schwartz, 1957; Witt­

rock, 1963; Guthrie, 1957) represent the major types. Later 

studies sho trends towards school learning tasks. Ray's 

subjects { 1 961 ) stud 1ed the us and principles of opera t.ion 

of the micrometer; V!orthen9 e pupils (1 ~ were involved in 

the usual Junior High School themnties cu.wicul ; Ollve 

and Shaver (1956) ere concerned with tro 81' 1 1 oe1al 

studies teri 1 at the High chool le el. 

tJ jects ve -varied ac stud1e , ~l'Om College 

students (e.g. Craig, 1956; ltersh, 1958t e1erud n4 Meyei-e~ 

1958) ~ G de ine (e.g. ·y, 1961) Grad b: (e.g. 

K1tte11. 1957) to K!ndergart children (e.g. Wittrock, 

Ke1e1ar and Ste • 1~4). I: some ca e the j ects hnve 

been volunteers (Roughe nd , 1968); o~ one au 

onl.y ( OP and SchwlU*t p 19.57); ~ t t1fiedl b tntel.11-



gence (Ra.y, 1961). Individual difference variables have 

infrequently been a focus. It is difficult, for exanq>le, to 

find a study where sex of learner has been used as a contrast 

basis when comparing treatment effects. It is understandable 

that Cronbach (1966) shou ld propose major changes 1n research 

strategies. 

Thus, what is discovered depends not only on what is 

practised or reinforced, but also an what is prompted, or 

what ie measured, or the nature of the task , and on those 

learner characteristics ttelevant to the task and to the method 

used. In controlled experimental situations with individuals, 

with very small groups, or where feedback is carefully circum­

scribed, it may be possible to answer the question "who dis­

covers?", but in naturalistic settings it is doubtful thA.t 

any certain answers can be supplied. 1:ot only are behavioural 

clues susceptible to different 1nterpretatione, but where they 

can be recorded on videotape, it soon becomes apparent that 

some children are 11 target 11 pupils• while others are "audien­

tial" (Biddle and Adams, 1967). The interactions of teacher 

and target pupils may well have "ripple effects" (Kounin and 

Gump, 1961), but inferences about the covert mental process.es 

of the audiential pupils can only be rather speculative at 

thio stage. Of those children presumed to discover, some 

may have learned from actual discove:rers by obse1'Vat1on 

learning (Eandurn and 'laltei-a, 1963), by meaningful reception 

learning (Ausubel , 1968) , or ca n consequence of reinforcement 

of acceptable approximations ( e-£ . Jackson , 1 966; Holt , 1964; 

Bugelaki, 1964). A num'bel' or in estigntor (e •8• Flanders) 



imply that frequent opportunities tor independent problem 

eolving may be the exception rather than the rule 1n many 

classrooms. 

Wittrock (1966, pp.42~..i.3), 1n summarising the con­

cep tual issues, makes several recommendations: 

36. 

(a) The ends which discovery is presumed to serve, be 

they subject matter, learning, or problem solving 

procedures , should be clearly e~ccified; nnd within 

the subject matter , distinctions should be attempted 

between the ends o-r rule learning, the learning of 

generalisations , and of specific 1nf"ormat1on. 

(b) The results should be carefully related to well­

specified dependent variables , and contrasts between 

findings should be limited to the same types of 

indices of discovery. 

(c) Discovery should be viewed as a set of very complex · 

procedures , not ingenuously confused wi th induct ion, 

nor depreciating verbal leorning, nor disregarding 

the sequential pattern and presentation of stimuli. 

Bibergoll {1966) makes similar points ne she dist1n-

ru1shes between approaches to discovery learning according 

to the degr~e of autonomy (pure, guided, directed) given 

each learner. That the cance"Ptusl problems have practical 

conaequences becomes ap rent ae ethodological prob lema 

are considered. 



l!E':'rITODO!tQGigAL J?ROBLEMS. 

Both Cronbach (1 ~6) and r!ittrock (1966) explicate a 

number of' methodological issues 1n reviewing the research 

literature. Each re:rere t~ tN)atment factors and design 

f"aetors. Difficulties associated with stating either precise 

operational definitions, or, perhaps more justifiably because 

of the Coml)lexity ~ teaching methods, clear criteria to 

delineate the teaching procedures, !'lave made replica t1on 

studies rare. The tendency has been to hold tasks constant, 

vary treatments, and ~en subjects, and then to generalise 

conclusions to different tasks • .As Cronbach implies, this 

seems peculiarly illogical. Furthermore, where discovery has 

been compared with alternative didaet1c teaching strategies, 

the didactic group has ot'ten suf'fered disadvantages 1n time, 

1n kind of' goal set, 1n limited rationalisation of solutions, 

1n the way the task has been structured, or in the way the 

results have be-en analysed (Cronbaeh, 1966, pp.76-97). 

Clearly, each treatment ll'l\lst be given a "fair chance to show 

what 1t ean do. u 

A number of within-treatment var1ab1es have been re­

garded as significant antecedents by 1n,reetigetora. Gagn6 

and Sm.1th ( 1962) have demonetra,tad the value or requiring 

pupils to verbalise during pm.etlc-e in problem •olving. 

Inatructions ( nderwood end Richardson• 1956; Kersh, 1965; 

Scenc!ura, 19S6); provie.1QJ'l of 111:fonnation (Coman, 1957); 

t1m.1ng (scanihlra, 1964); cues 1ekelgren,, 1S164J Wtttl'OClt 

at a1 . ,, 1964; W1ttl'OC'k and Keialar" 1965}; set (Wittrock. 

1 '62. 19631>, 1 g;3c; Yanse. 1966); ana equence (N..-ton aD3 



Hickey• 1965; Wort.hen , 19681 ~ have all been shown to be 

1n:t1uent1al tactor in guiding children to achieve criterion 

performance. Cl-o.nbech, after r-emarking an the arbitrariness 

or many experimental tasks, made a cogent case for tasks where 

rationality is at a maximum, where answers are empirically 

con1'1rmab1e, logically necessary, or are readily discerned 

c onsequences. To date the optimum role of each of the 1th1n­

treatment variables 1s unresolved. While the current trend 

1 analytical, w1 th increasing attention being given to 

sequence, eet, and cues to math enic behaviour (RothkOpf', 

1965; cDonald, 1968), there remains the danger exemplified 

in the writings of Locke an Hume, w erein analysis to ulti­

mate components cl'eates a new problem 1n synthesising. It 

y well be the only course 1ef't open to experimenter is to 

conduct multi-level analyses ranging rrom the instructional 

gestalt level ( 1egel and Siegel, 1967) th!'ough to 1cro-level 

analyoia (c:f'. Gage, 1966; Smith, 1967), in studying a partic­

ular teaching str tegy. (8 ~e Scan'lura* 1964, pp.155-156). 

Perhaps this an add it iona1 reason :ror eux' a ( 1967) Ntmfl.ftt 

on Slmlmsn and Keislar ' o (1966) volume: 

"The revi.ewer wa consider ly puzz1ed, however, 1n 
finding not ane cl.aaai-oom obsenat ion sy e re1"erred 
to in the book. 11 (p.551). 

Anothw area receiving surprisingly little basis 1n 

the research de igns ha n that of' indivi · 1 dif'terences. 

Oagn and B (1961) took ceolm.t of pre- q11ieite leamlJlg 

a a :ractor in d erm1n1.ng transfer. Bruner (1961, p. 22) baa 

1ndieat d the 1mportanee or ior learning in h1 re k 
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Kersh and Kagan both suggest that motivational factors may 

be important predispositions for discovery learning, and 

along with other writers (e.g. Hunt, 1960; Suchman, 1961), 

make reference to cognitive (e.g. Festinger, 1957; Berlyne, 

1 965) and competence (White, 1959) motivational constructs 

as having explanatory power. Par adowski (1967, p .50) 

reports that curiosity "significantly increased both inten­

tional learning and incidental learning", a c onclusion which 

has suggestive overtones in regard to discovery and the 

"sleeper effect" found by Kersh (1 %2). 

Ray (1961), using a treatment-by-levels design, states: 

"The complete absence in this experiment of signif­
icant interaction between teaching method and 
learning ab i lity was an unexpected result." (p.278) . 

This finding, Ray suggests, would justify the use of discovery 

procedures with pupils of low mental ability. A number of 

studies of concept attainment and transfer provide a lead in 

treating such variables as age, mental age and sex in relation 

to method of training (Hilgard et al. , 1964; Osler and Fivel, 

1961; Osler and Trautman, 1961), but this lead has not been 

a feature of discovery research. (However, cf. Corman, 1957). 

Cronbach (1566, p.90) hypothesises th.at "the interacting 

variables may have more to do with personality than with 

ability." He continues: 

"I am tempted by the notion that pupils who are 
negativiatic may blossom under discovery training, 
whereas pupils who are anxiously dependent may be 
paralyzed by demands :ror self-reliance." 

It is interesting to relate such comments to the 

theoretical arguments of Harvey, Hm.t and Schroder ( 1 961 ) , 



to the emuirical work of Heil et al. (1 961) , and to the 

study undertaken by Tallmadge and rhcarcr (1969). rr,he 

latter summarise their findings (p .228) as follows: 

40. 

"The study reported here produced results which 
strongly supported the existence of learning styles. 
These results also sug~ested that the correlates of 
lcarninc styles are nor.cognitive, r a ther than cog­
nitive, irdividual charocter1st1cs. P inally, they 
supported the rotion that the noture of ' content' 
of the learning experience 1s a critical fector 
affecting the magnitude and direction o~ r elation­
ships exiotinp between learner chnracteristics and 
instructiona l methods.•· 

At this stage , individua l cha.ro.ctcrie:t i cs have been 

neglected 1n the research <m discovery. A major problem 

exists in selecting the most salient pupil characteristics 

for further investigation, f or some chnrnctcristica may be 

t nsk- s:pec1fic , and othero method - specific . Carroll's (1963) 

model of school learning would appear to allow for both 

categories, t ask and method, and f or both cognitive and 

non-cognitive pupi l attributes. 

Design problems 1n the literature concern randomisa­

tion (or the lack of it) in assigning subjects, the question 

of relative time taken to reach criterion performance between 

treatments, and the legitimacy or the procedures used 1n both 

data and statistical ano.lys1a. Two general weakneeeea noted 

are that of' control& 1n naturalistic settings, and that 

resulting from overgeneralisation of findings. Cronbach and 

Wittrock both deal with these 1asuea, citing Olson•s (1965) 

critical note an Haelerud and Ueyers' tronafer-of-principlee 

experiment os one demonstration or the experimenters' illog­

ical analysis of the dnta. The problem or time 1n training 
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tmder dif:fere t treatment has been a most persistent one. 

If criterion performance is to be reached ~1th all pupils, 

it 1s likely that some individual learners in the discovery 

group will require a longer time than anyone in the directed 

group (but not always, as Gagnd and Brown demonstrate). I-r 

time is held constant, the d1sccvery group may fail to reach 

a criterion level hich parallels thnt of the non-discovery 

group. Attempts to resolve this problem have led to doubtful 

uses of "difference scores" (see Cronbnch's co enta (1966, 

p .82-83) on the slerud- eyers study) tot sks which 

restrict time differences, and hence tend to become arbitral')', 

to di:fferent goals for the contrasted grouns, and to such 

tight treatment controls that to extranolate to typical 

school-learning situations becomes suspect . Cronbach (1966, 

p . 84 , while recognising that no recommendation 111 be 

appropriate tor all studies, 1ndic tee his olution: 

11 
•••••• my i nclination is to ttall b ek on o-pt1m1-

zat1on 1 thin a fixed time.•• 

Such a procedure seems to be consonant 1th w . t happens in 

the claasro , insofar as teachers :feel bound to 'cover' a 

given syllabus of instruction 1n a given time . 

Siegel and Siegel (1967) sustain a coher t nd con-

't'incing ca 
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Correlat1oruil studies 

"would not provide inf'orm.-ition nb out interactions 
within the other independent varia'hle clusters or 
between, say, learner nnd instructor variables." 
(Siegel and Siegel, 1967, p.275). 

While earlier studies tended to use d1ft'erence scores, 

comparisons of means, Chi squares (e.g. Kittell , 1957; 

Haolerud and :{eyers , 1958 ; Kersh , 1962) , lntor studies 

have tended to use analysis of va 1· iance (e . g . nay, 1961; 

Guthrie, 1967) and analysis of covariance procedures. 

( ,7orthen , 1 968") . 

42. 

In aum, the evolution of discovery research haa been 

characterised b y increasing precision and sophistication 1n 

definitions , dea1gn , and data and otatistical processing. 

Conclusions are more cautiously dI'{wm, in that fBW reports 

attempt to extrapolate beyond the subject a rea providing the 

experimental context. Covariance nrocedures permit intact 

groups to be used with oome degree of control for group 

dif't"erences, and thus facilitate 1nveot1gnt1ono 1n natural­

istic aettin8s. A further feature ho.n boon the i ncreased 

range 01' dependent vnr1ables measur ed . At the same ti.me, 

d1tt1cul.ti es remain. The complex1 ty oi' the treatments 1e 

such that the potent i'actors, or t he combination o~ ~actors, 

have not been f1na1l y identi:fied. Tho e1gn1f1cant 1nte:ract1ve 

individual dif':ference tact.ors require further delineation. 

Dec1eiona about objectives, time, 1nstructicma1 strategies, 

appr0priate cr1ter1n ·and measures conrront each experf..menter 

~-. At this stage somewhat molar research may at ill be 

necessary. 



SOME TYPICAL FINDING$ . 

Because of the thorough reviews (.Ausube1, 1 961 ; Kerah 

and u ittrock, 1962; ~1ttrock, 1963~1966; Cronbach, 1966) 

already ava11able, and because the extent of the 11 terature 

makes an exhaustive survey of the research well-nigh imposs­

ible, this section will be conf'ined in the main to studies 

reported since the m1d-f11't1es, an~ es1>ecially to those 

subsequent to the publication of Shulman and Keislar's 

Tolume. Attention will be g1Ten to studies wher-e one of the 

treatments 1nTolved a measure~ guidance designed to lead 

the learners to generalise a rule fran examples. 

One rather general set of trends 1a evident 1n many 

of the conclusions reached by di:fferent investigators. Where 

the criterion 1a initial learning of a limited number of more 

or less specific answers, rather than tho transfer or reten­

tion of what he.a been l earned , the most highly directed 

groups ( 1. e . rule and answer given, expositwy) do as well 

as, or better than the other groups (Kittel l, 1957; Kersh, 

1958, 1962; Haelerud nnd Meyers, 1958; r:o:rthen, 196&). Where 

the criterion 1B transfer. those groups receiving an inter­

mediate amotmt of guidance, or those who derived principles 

1"rom examples, perform aa well as, or better than the groups 

given both rul.e and answer (Forgue and Scmra~z, 1 9'57; Kersh, 

1958, 1 962; Haslerud and Meyers, 1958; Osgne and Brown, 1 961 ; 

Wittrock~ 1963; Guthrie, 1967; ·orthen, 196~. The results 

tor retention measures are 1ess clear, some investigators 

rep0rt1ng advantages tor ru.1e-given groups (Craig, 1956; 

Guthrie• 1967) , and others for en.mple•g iven rule-<lerived 



grcups (Co , 1957; ·ttttrock. 1963t Guthrie, 1967; V'lorthen. 

1968) • However• one must be ceut ious 1n regarding such 

generalisations as having any :final reseat-eh mandate, for, 

while an attempt has been made here to adjust :for variable 

treatment labels, tasks, subjects and measures are not equiv­

alent. nevertheless, the trend is suggestive, es is the 

.. po t - exper1mental0 gain repOl"ted for minimally directed 

groups whose retention scores exceed their initial learning 

scores. (HasleJ"Ud and eyers, 1958; Kersh, 1958; ·.:1ttrock, 

196~. 

On the other hand• the literature in regard to attec­

tive outcomes is more diff icult to locate, and the results 

are consequently more tentatively reported. Interest is 

represented 1n Kersh' s studies, and Cronbach ' s comments 

(1966. p.88) are pertinent, and r efer to Kersh's 1964 

experiment. 

"lifter sixt n training sessions there was no 
difference between didactic and inductive groups 
1n te~ency to use the information out of else • " 

torthen ( 1 96&) administe~ed semantic d1tterent1al and a 

t te t attitude c le to discovery and expo itory grou~a 

who d been exposed to ix e soft lning . o 1gn1f1cant 

difference re :round etw n the group • 'l'hi ault gives 

some support to Cronb ch (19 6,. p .88), who que ti ne~ Ke h 1 .e 

1nt rpretation ~ th " leeper-effect" of discovery l,C.Cll~L~.<J_._ng 

as b 1ng attribut ble to oti t1on, and counter-propo 

u1 hav long .f'elt t t this N,eul.t can e attributed to 

novelty." N elty. Ba home ett"ecte, delibe t 

of t--=••1'ftent to b a non-r t1onal drill {c:I-. eeonnell~ 
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19.34; Thiele, 1938; as cited by Cronbach, 1966, p. 81) 

would contribute to t he positive a:f'fective outcomes c1aimed 

ror discovery npproochea. The r esearch to date providea 

little support for such claims. ~or exam~le, Scandura (1964) 

implies Hawthorne et':rects when he reports ( p .51): 

"The E a.nd D Sa apparently were highly motivated; 
only on the N-problems, and mo.re f'requently 1n the 
E-clas s, did any ~ the Ss appear to ' give up' . '' 

Keroh and ~', ittrock {1962 , p . 468), concluding their 

1nterpretat ion of the learning by discovery r esearch, decide 

that guided discovery may provide a most use-~ atrateo. 

"Guided 41acOTery seems to or:rer a happ7 medium 
between independent discovery and highly directed 
learning . Some of the efficiency or directed 
learning is maintained a1ang with the benefits or 
the discovery process , specif'ically, motivation 
and problem-solving ski l l. " 

There are a number ar investigations which are, 1n part at 

leaet, concerned with guided discovery. Of these, the most 

f'requently cited is the Gagne-Brom (1961) experiJDent, which 

led the learners in the guided diacOYery (G.l' .) treatment by 

means or a small-step programme to the point where they were 

required to state a general ru1e. Af'ter the statement at 

the rule, the aub3ects were given practice 1n a pplying the 

rule to a number of' apec1f1c examples. The G. D. treatment 

was canparec!l 1d th a rul.e-and-eDlll)le (R. and E.) treatment , 

alao using a sma1l-step programme, and a diac<mn.7 (D.) 

t.reatment using a large-step programcie. Gains between 

learning aeeaions were aignii'icant for all conditions; and 

on criterion meaaures, trens:ter, time required, number of' 

hints needed, and final pertormance, the reaulta indicate 
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beet perf'ormance t"or Condition o.n., worst for R. and E., 

intermediate for D. No retention measur-e 1f8s used. The 

reaearchers interpret their results as emphasising the impor­

tance of •,mat 1s learned' ae opposed to 'how it 1s learned' 

for problem solving , and suggest that the small-step G.D. 

pi-ogramme requires "subjects to actively produce certain 

concepts, a feature which moy be lacking 1n the R. and E. 

programme .. 11 

Roughead and Scandura (1968) utilised what wae baaic­

al.ly the same task with f'our progP8lIUDea - apecif'ic rule 

giTen (~, discovery (D.), guided-discovery (O.) and exposition 

~ deriTBtion ru1e (~ .); 1n seven conditions - R. alone; R . D., 

D.R.; R. O., G.R .; R. E., E . R. Groups R. and R. D. pertormed 

at one level which wne reliably (Pc:::::::-.001) below the common 

level of the other :five ~cups on time-required, hints-needed 

and weighted scores on the within-scope and extra-scope 

b'ansfer tects, although all grcups had performed at an 

equinlent level an a cr1ter1on learning test . The 1nTest1-

gatora cC11clu'1e: 

"First, 'what 1a learned' during guided discovery can 
at least sometimes be 14ent1tied and taught by expo­
a1 tion - with equlnlent results •••••• The aecan4 
po!nt to be empllaa1zed concerns tbe sequence en'ect -
if a peraon already knowa tbe desired real)orusea, then 
he 1a not 11.Kel.y to discover another rule by which 
auch reaponeea may be der1Ted• eTen 11' he baa all. the 
l)ret'equiaitea and 1a g1Ten an oi,portunity to do so." 
(p.288). 

The term sequence 1s gaining higher density aa interest 

1n inatructianal variables 1ncreaees. and it ia not al.ways 

certain whether its ret'erent la content-order; the p0eition 

o-r rule relative to inatancee and eD1DPlea (Worthen. 1968'; 
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the placement of theory 1n regard to data (Leith and lfcHugh, 

1967); 't1m~' as an instructional tactic (sc~a, 1964; 

Tabs and Elzey, 1964) ; or the path through learnillg Sttt 

(Gagne, 1962) . As far as the discovery research is concerned . 

the ret'erent seems to be to the position of the rule or prin­

ciple 1n relation to examples. '."t'bat 1a learned, on the other 

hand, a ppears to relat~ t.o both task analysis {Oagnd, 1962!>) 

and to such instructional manoeuvres as rein.fOI'Cement, prac­

tice op"'Ortun1t1es, attention f'ocusa1ng, feedback, set, cues 

and instl"UCtions. That Roughead and Scandura recognise the 

intricacies is demonstrated by two comments {p.288): 

" • • • • • there are undoubtedly a large number ~ 
situations where , because of' the complexity of the 
oituation, 'what is learned' by diacavery may be 
diff'icult, 11' not impossible, to define . " 

" ".7by and how sequence a:ff'ects 'what is learned' is 
still open to speculation (e.g . Guthrie, 1967; 
Yonge , 1 966) • 11 

Neither ot the studies reterrect to abO'l"e employed a 

retenti~ test. In a number or experiments where retention 

has been reported (e . g. Craig, 1956; Forgus and Schwartz, 

1957; Ray , 1961; Wittrock, 1962, cited by Kersh and Wittrock , 

1962) , the guided discwery gr<npe have shown superior! ty to 

disco~e.ry and rote lenrning groui>s. a ttroclt ana JCeielar 

(1965) demonstrnted that either specific cues or c oncept 

cues produced significont].y' better performance on teats ~ 

learning, transfer to rum inetances, retention and a delayed 

teat or tranofer t o new instances, than d14 ..-e-ry general 

cues. Guided discovery procedureo 11183' provide for cues, hints 

and questions, nlong w1 th feedback, which infl.uence both what 

1• lea.med ancl bow 1t 1s learned. 
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For example, Kornreich (1969, p.3ll4), who like Kersh 

was interested in the strategies learned, :round that: 

11 Signif'ieantly more s s in Group G.D. acquired the 
strategy (focusing) than the other two groups 
(p -c:::-.05 for Group P; P--:::._•001 f'or Group D, two­
tailed test). Following up on observation, 20 more 
Ss were run. It was :round that the effectiveness 
of the Group G.D. pPOCedu:re was that it proQipted 
S to rer~d the 1.ns-tructions.n 

Kornreich, in d1seuss1ng his findings, made some pertinent 

observations which are relevant to this discussion. The 

pN>grantned procedure appeared to change the subjects' choice 

of reeporuses but not the strategy, and subijeets ahowea c!e­

pendence on the experimenter' a comments. Kornreich adds: 

"Optimal prompting may dif~er for dif~erent er-iterion 
performances, so that a different technique may be 
optimal for transfer tests than for retention tests." 
(p.388). 

Anderson, Fauat and Roderick (1 958) report that overpr-ompting 

produced significantly lower post-test results than did a 

standard programme With adult subjects. Wittrock has rep0r­

ted: in several studies that class cues "can produce attention 

and also tran.s:ter to other instances within the class." 

(Wittrock et al., 1964). Wickelgre.n (1964), too, noted that 

cues in the f'orm or quest lona and hints could direct stud~ 

into method or stra'tegiea which genera.l.ise to tnmr.rer prob­

lems. Corman ( 19S/) was al;a,o of the op1n1on that appropr1 e 

guidance was beneficial ~or learning and transfer~ al.though 

he differs f'i-om Ray 1n conrd.dering that there may be an 

interaction bet ·r.. method (amount and kin4 of 1nt"ol"Dl8tion) 

and lea.mer ability. 



r11ttrock (1963a) proVided · ome coherence and order 

amongst the diversity of e P1mentat1on: 

" 11.'hen the criterion is initial learning of a fn 
responses, explicit and detailed direction seems 
to be the most eff"ect1Te and efficient. ;i,'hen the 
criteria are retention and transfer, some inter­
mediate amount~ direction seems to produce the 
beat resul.ts.'' {p.189). 

In gem.ti-al. • more recent studies mirror, as one would 

expect, research interests and 1 u.ee cur.rent in educational 

p 7chology. The tre:atmente described ret"1eet interest in 

inetructional theory (e.g. Gage, 1 964; oagnl. 1965; Carroll, 

1965; stolur • 1965; Bruner, 1966), and ay be consi.der-ed 

in terms of strategies nd tacti - , with inc:reasing attention 

1ng paid to 6ttch man1pulabl.e variables (see P• 37 above) 

task form, sequence and nature, and instl"\lctions, cues, 

et~ feedback and timing. Attention {White, 1963) remains 

a var1abl.e awaiting a formal lace 1n the tudiea. The 

intervening ri bles 1milarly echo theoretical interest 

1at1onal oce see - info tion proees ing; as 1at1on, 

ecmceptual and principle learning; strategieaJ a ai.m1lat1on 

accommodation; cognitive. cest. No~ so evident are eu11er 

dichotomies such as men.n1ngfu]. er us rot learning. Depen­

ent riables re in bounded by r quire nts of me1BS11rt:mIED 

although multiple aiteria 1"8 m · 

1nfl nee or writer 111te ylel' 

ana r.~ect the 

p.90) p01nt out. ea11cati lly-val ble obJ tlvea 

it eval: tion; th 

truct.ional techni e wait further investi t1on. 



{1966) suggests a need for more comp1ex experiments, 

involving 

tta !'1ve-1'old internction - subject matter, with 
type of instruction, With t-iming of irurtruct1on, 
with type of pupil, with outcome.u (pp.91-92). 

50. 
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CHAP'l'ER IV 

RATIONA!..E J- ND TW.ORX . 

Although expository tea.chine' is a widespread teaching 

practice in schools end colleges, it has attracted compara­

tive~ little research (CarPOll, 1 ~4). Ausubel {1963a) 

belines that the reason tor the lack of research ia that 

ex ttory teaching bas been identified with rote learning; 

a p-e>int Cronba~h (1966) appears to support with his remark 

that moat ex_p rimente on diseovery h e "stacked the cards 

againat u expository teaching. A number of terms have been 

used tor similar but not identical opproaehea: deductive 

teaching, didactic teaching, Ruleg sequence, and, pejo tivel.7, 

author1tarian teaching. De Cecco (1968, p. 468) 4etine:s expo.s­

itory teaching, uaing Wittrock' s 1963 claaaif'ication of 

teaching methods, as "the situation in which the te~cber 

gives both the principles nd the prOblem olutions." Ausubel 

(1967.1968) det1nes it, at'ta conceding that gonceptyal 4ia­

tinct1on c n be de between le ming and teaching ( 1th, 

1960) • in t o~ thoa pr, ctlcally-uset'Ul, reciprocal 

relot1one.h1ps betl'leen learning and teaching. Thus expoeito:17 

teaching can be viewed s the nc,tproc 1 or wn:tngtlll. • recep­

tion l.earning. 

•
1That ta• the principal content o.t what is to b 
learned 1s tn,1c Uy presented to the learner 1n 

re or leBB fint1l -r orm. Umer theae cir ~anees • 
the l ·earner- 1 a1mpl,a require to compreb.eccl the 
•tex-ial and to in~ate it into h1a cognit1 
structure eo that it 1a aft11able tor e-ttbet- repro-



auction related l~ or problem solving at 
aome futui.e date." (.Au.aubel, 1968!t p.83). 

52. 

Bet'ore eons14er1.ng the theoretical network prOTiding 

the 3ustif1cat1on f"or didactic teaclrl.ng in Ausubel ' s sense~ 

it seems appropriate to review br1e1"1y the rationale for h1a 

position . First, .Ausubel conceives or man as a rational Sl'ld 

symbolising entity, characterised by language use. 

" •••• the hm:oan capacity for representat1ona1 symbo­
lism and verba11zat1o~ make possible both: 
(a) the original (diseoveey) of ideas at a uniquely 

high level of abctraction, generality and pre­
cision. and 

(b) the cumul.ation o.nd transmission o~ these ideas 
during the course or cul turn1 history." ( 1968 , p .82) • 

Secom, formal education 1s distinctively concerned with 

intellectual training, w1 th fostering 1ntellectu.a1 growth, 

and with transmitting worthwhile subject-matter lmcnrledge 

which is meaningt'ul, consonant with contemporary scholsrship, 

and developed to differential levels of indiYidual excellence. 

"Hence in setting cur academic goals, we must be 
concerned with the ultimate intellectual ob~ectives 
of" schooling, namely, with the long-term acqu.1a1 tion 
~ valid and usable bodies of knO\Tledge and intell­
ectual skill.a, and \Vith the development of ability 
to think or1t1~11Y, ayatematically and independently." 
( 1968, p .31 ) • 

Thirc1, such knC1.TJedge has value 1n its Offll right. 

'tl.!enningrul].y organized subject matter taught by 
canpotent teachers can generate considerable 4r"ive 
:tor learning as an end 1n itself. The nlue ~ 
much school 1earn1ng, a:rteia a11 . can be ddende4 
only on the grounds that it enhances rup1ls' U21der­
at8Jld1ng ~ illportant 1deaa 1n their culture - not 
because it bas,. even remotely, any practical use 
or 1.mpl1eat1ona. Nevertheless, sane aepects of' 
academic training do conat1tutc, in a general way, 
just e.e im1>0rte.nt a preparation for adu1t living 
a.e education that 1s expllc1tly c!ir-ected toward 
vocat1ana1 and :tamUy ad~st1?1cnt. 0 (1968, p.31). 

Fourth. educators and teachers cannot nbd1cate their reapan-

aibilit7 to etimulate the development or 1n.teresta, aott•-
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ations and intellectual needs to structure curriculum content 

and to teach children to learn by themselves. This involves 

a matching of instruction to pupils' prior experiences, 

level of cognitive maturity, and body at meanings, by means 

of the selection, organisation, interpretat ion and sequential 

arrangement of leaming materials and guidance of learning 

experiences. 

"Such needs , however, arc not endogenous, but 
acquired - and l ar gely through exposure to provoc­
ative, meaningful and developmentally appropriate 
instruction." (1968, p .33 ) . 

From this perspective, Auaubel developed a theory of 

meaningful reception learning which has guided an increasing 

amount of research. As might be anticipated from the rationale 

outlined above, the theory assumes a number of distinctions 

(e.g. between r eception and discovery l earning , between rote 

and meaningful leB..l'ning , and between logical, potential and 

psychological meaning) . The research revealed some similar 

general features 1n that the outcomes most frequently measured 

have been l earning and retention, the subjects have been of 

junior high school nge and older, and the content has been 

largely propositional and concept unl. 

Gagn~'s review (1969~ pp .287 -290) of Ausubel'a 1968 

volume includes a concise summary of the general theory. 

"The core of his theory is the meaningf'u.1 learning of 
ideas, which is, according to this author, what the 
vast preponderance of school learning is all about. 
The learning of ideas takes place when a novel idea, 
usually stated as a verbal proposition, is assimilated 
into an existing cognitive structure . One variable 
inf'luencing _learning and retention is the availability 
1n cognitive structure of specifically relevant 
anchorir'.g ideas. Such ideas may operate to bring 
about subsumption of a new idea, either derivative 



auba1111pt1on (when tbe new idea is a apecific example 
or the anchoring id - ) , or correlative subsumption 
(when the new idea 1 an elaboration or modification 
or the anchoi-1.ng ide ) • A factor 1nf'luenc1ng the 
retention of the new~ subs12med idea 1s the extent 
to which it ie discriminable f'rom the anchoring ideas 
tbat assimilate it; 1n other words, its degee of 
d1ssoc1ab111ty. Immediately following the learning 
disaoc1ab111 ty ia high, but at this stage it is 
followed by increasing obliteration as the ase1 11-
ation process proceeds.. Finally, learning and 
retention are f'unctions of the stability and clarity 
of the anchoring 1d'ESas. ra thin such a theory, rote 
learning becomes a high1y special torm of learning 
that relates to cognitive stPUCt-ure only 1n arbitrary, 
Te.rbatim fashion, without the kind of assimilation 
that applies to meaningtul learning. Learning ot 
meaningtul. materiel, ho ver, y be acquired by 
dipcoverz or by reception ••••• If 

While such a summary is usef'ul., the 1 port o~ Ausu.b l • s 

message is clarified turther as one tams account ~ some ~ 

the distinctions and presupPo 1 t ions. As far as the discovery­

reception d1 tinetion is concerned, Ausubel rega.rds each as 

capable of being a rote or a meaningful :form of learning, but 

each d1i"f'ers 1n u f'Ulnesa according to the ob3ect1ves pur­

suea, tim requirements, the type o-£ learning ta k and the 

cognitive turity ~ the learner. A tempor l distinction 

is also de: 

" he distinctive ana pl'ior l rn1ng ts.a , 1n other 
words, is to discover something - hieh cf two 2e 
paths leads to the l, the precise na~e o:r a 
relationship betw en two l'iable , the c · on 
attr1bute-s of a ber or diver e instances etc,. 
Af"ter this e 1 completed, the disco¥ red con-
tent is 1ntemal.tzed 3u,st s 1n re tion learning . .. 
(Ausub&l, 1966, p.158). 

ingt'ul learning p uppo es that tbe l arner 

man11'eeta set to learn aningfu.lly rather t n to inter-

nallae 1n itrary and verbat~ fashion (1.e. rote), and 

th t tbe lea1"1ling t k 1taelf 1e potentJ. lly aningful. 
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'1'ma optiJllal con-ditJ.ons involve a match be-tween a particular 

learner's cognitive structure, and the extent to which there 

inheres in the learning task both some reas<mable basis for 

relating the new material to the leamer•s 1deat1onal 

aca1'1'olding (nonarb1trar1nees), and some s,mbolic equival.e.nee 

to the learner's organisation of established meanings (aub-

tanti veness) • Paychologieal. meaning ao conceived 1a a 

ccnaequence ~ an 1d1osyneret1c and phenomonologieal tPBnB­

action. Cl.early, Attallbel 1s int rest d 1n conceptual leaJl'ning. 

But, unlike many educational psychologists with similar 1n­

tereets, Ausubel bae displayed research concern with 

verbally rather than OBtensiveJ.y def ined concepts, and with 

the process of concept assimilation rather than concept f'orm­

at1on. (Ausubel, 1966, pp.163-167). 

This concern is consistent with his discussion o-r 

aevelcpmental eane1derat1ons to be t ken into acco121'lt when 

t chi,ng cancepta. '!'he argnm.ent u t wofold insofar as it is 

ba ed on verbal ability and Piaget •s stage theory. The pre­

operat1anal chlld, limited 1n ability to 4eal with s1fflbo11e 

represent tions 1n acqu1r1ng eomept , can only discwer 

theil' cr1ter1 l attributes by ov-ertl.y nipnle.t!ng d1119rae 

instances or objects or event , 1ntt ubverball.y the nee n-

ary eGDeeptualising opeMtions of abst ction, hypothesie 

te ting, d1tterent1ation, en4 genera11 tton. 'C'ari?lg the 

atage et conc11ete operation.a 

• the learner is able to nipal.ate new r !l t1onab1pa 
between verbally expre aed idea , and hence can 
assi11Uet concept•, providing that he baa aane 
recently pr1o1' concrete exposure to ]?artlcular exem­
plara ot the concept in quest!~ tt {Auaubel • 1 966 • 
p.166). 



At this stage, discovery irobably enhanees the 1ntu1t1Te 

meaningfulness of new concepts a a result of bringing the 

learner into more 1nt1mat contact w1 th the concreteness and 

spec1:f'1c1 ty of' the experience upon which such meaningfulness 

depends. ,....J a lesser degree, it 1s cl.aimed, the same situa­

tion holds f'or older leamers hen initially expo e4 to 

dif'ficult, unfamiliar, n concepts. However, at the formal­

operational etage of concept develo ent, relationship 

betireen abstract and general. id s c • be assimilated (or 

discovered) without dependence on avert man1-pulat1on, or 

concrete and p rticul i d experience. It 1a a.t this tin.al 

stage that A ubel believes concept ass1miJ.at1on is st 

app~priate, and thnt meani.ngi'ul. reception-learning consti­

tues an e1':r1cient pri ry means of acquiring large bodies ~ 

ubject matter knowledge. This stage is equatet1 with that 

reached by Junior High School students. ';"lh11e there are no 

aoubt 1 (11f"ferences 1n interpretation, some parallels 

be gli d bet een the Piagetian model, Bruner ' s enact1ve, 

iconic and symbolic des of representation, and Ausubel's 

manipulative,, verbal-concrete and abstract sequences. 

or Au el, mar,l.edge 1 an ideation l pheno enon, 

not a c billty of J.ttto . .. -..-..... d1ft' rent clmH3ea ot t 

(e.g. gn,, 196,1), nor - t as oc1 tions, o habit-hmlly 

1 rch1e (e.g. B r , 1965) • n outcom o4r this Vi 

point 1s A bel • ion that t incipl of p 

and troe.etive int rt :,-enee 1 ppl1ca le s lanatio.na 

ot th forgetting of' meeningt'ul vcn-b 1 m t rial. This 1 

better expla1ne cognit1 c s of eu t1on., or 
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reduction ~o an 1deat1onal common denomil'l&tor. F:rom a 

aim11ar perspective, Ausubel (1955) distinguiahes and :re-

1ates perceptual and cognitive processes 1n meaningful 

verbal l.earning, attributing to repetition a te1eeeop1ng 

e:f:feet on the two ~ocesses, and a o.ons.olidating effect on 

retention. It 1s, then, not surprising to find the origina­

tor of t h1-s theory deploring the separation o:f educational 

psychology and class.room lee.ming, to find that he reprds 

the simple laboratory studies of learning as having dou'bt1'ul. 

relevance to the qualitatively dittel'ent learning 1n schools, 

and to ~ind hie expressed belief that a theoey of elaae~oom 

learning is 'the most :f'eas1b le point a£ depar-ture :f'or discov­

ering general principles o:f teaching. 

PEDAGOGICAL IMPLICATIONS. 

It :f'o11 :rrom the general theory that two major 

claaaea of varieb lea are sign1:f1cant 1n influencing the 

learner' a eapebill ty or acquiring new kn~ledge 1n a given 

:field. First 1s cognitive s1.ructure itself - the substantive 

releYBnt content of the learner's knowledge 1n a particular 

dana1n at any given time, and its organisation, st bility and 

clarity-, whieh provide anoh0-i-age and d1eer1m1nab111ty. 

ter1al., it elee-tion. 

sequential arrange nt, Qt"ganisatian and internal. 1og1c • 

presentation nd the aociated practice, feedb ck and over­

leam1ng p.rov1sion • 

In this context, pec11'1e r ad!nesa 1 reinterpreted 
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in terms ar cognitive structure variables. Where the learner 

has ,rm, anchoring subsumera available in cognitive struct-are, 

or where these lack discr1m1nsb111ty, advance organisers 

become the major compensating strategy. 

"Tw- pr1nc1pi.-l. 1\mct1on o~ the organizer is to bridge 
the gnp between what the learner already knows and 
whn t he needs to know before he can successfully learn 
the task nt hand." (Ausubel, 1968, p .148). 

With completely unf"am111ar material, expository organisers 

proTide the relennt proximate subsumers giving 1daat1onal 

anchorage 1n terms already fle.m111ar to the learner. With 

relatively f'am111ar material , comparative organieera are used 

to integrate new concepts with basically similar concepts 1n 

easn_itive structure, as well as to increase d1scr1m1ne.b111ty 

between new and erls-ting ideas. Organisers serve several 

!'unctions, providing set am 1deat1anal acat'f'old1ng, and 

enhancing discriminabili ty. Following the principle of" pro­

gressive differentiation. organisers are introduced in adTence 

or t he learning material itself", and aro presented at a higher 

l.evel of abstraction, genera11 ty and inclusiveness than the 

new subject-matter. 

A further principle applying to the progre.mmhlg ~ 

1natruct1on 1s that of integrntiTe recancillation, 

"best described as antithetical 1n spirit and approach 
to the ubiquitous practice of textbo<* writers o:r 
compartmentalizing end segregating particul.a.r ideas 
or topica 1r1 thin res~ctive chapters or aub-chaptera •" 
{ftusube1, 1967~ p.240). 

The principle 1nvolven a serioas teaching e:f':fort to exploN 

e.xpllcitl.7 relationships among re1ated 1c!eaa, to point out 

atanif>lcant similarities anO dif'!'erences, and to reconcile · · 

••l 01" apparent 1ncona1atenc1es, so that nn ideaa are 



comprehended and interpreted (integrated) in terms of exist­

ing understandings nnd paradigms provided by analog<>ua, 

t'am111e.r, previously learned and already established ideas 

1n cogn.1 t1ve structure. Organisers may t'urther the principle 

~ integrative reconciliation. 

Learning ia enhnnced hen the task manifests internal 
' 

logic, defined by J''usubel (1967~ p . 243) o.s "a function of 

the plausibility, lucidity and nonnrbitrarine s of the mat­

erial, rather than of its l ical or substantive va11dity • 11 

He elaborotea: 

"At le . t four aspects ot the intemal logic o-r 
mnterial atfect t he extent to which it is endow d 

1th potential meaning: 
1. ,. ey or definition and diction, including 

precise, consistent a.'ld unambiguous use of terms; 
the definition of all new terms prior to use; and 
the simplest least technical language that is 
compatible wi t h conveying precise meaning. 

2. Use of concrete-empirical data and relevant 
amlog1es when developmentally warranted or 
otherwise help:f'u1 1n the acquisition, clarit1-
cet1o!l, or dramat1z t1on of meaning. 

3. Encouragement~ an active, critical, reflective, 
and analytic pproech on the part ot the learner 
by requiring him to reformulate the material in 
term ~ his own vocabulary , experientia1 back­
ground and structure of ideas. 

4. Explicit de1ineation c-r the di t1nct1ve 1og1c and 
ph1lo ophy of" each ubject- tter discipline -
that is , 1ts implicit epistemological as umptiana; 
the general probl ot causality, categorization, 
inquiry and measure ent that are specific to the 
di c1nl1ne; nd the di t1nctive strategy of 
le ming ho to learn the rticular subject t t r 
ot the di Ci!)line. 11 

11 the t ctore re-tel' to bov - dTance organisers. 

co o11d tion. pro re 1 e d1tter nti tion, integrative 

recancil1at1on, internal l gie, pot_ont1al mean1ngt-ulnee -

are ssumed to h ve t c111, ting effect on learning an4 

retent1 t rge ly through t heir nhaneement ot the 
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cognitive-structure variables or the availability, 4iacr1min­

ab111ty, stability and clarity of the appropriate, relevant 

aubeumers. The task and practice variable postulated to 

1n191uence the ef:f"1e1eney of learning is structured practice 

which involvee careful sequencing, pacing and gradation or 

difficulty; differential application; skilled presentation 

and organisation ot material. The effects ot frequency are 

41rect (successive triala cumulatively modify cognitive 

structure by summating the influences ot cont 1gu1 ty and feed­

back, enhancing the 41asoc1ab1lity strength ot meanings) and 

indirect (alterstiona 1n cognitive structure resulting trom 

earlier trials affect leal9ning and retention processes during 

subeec;.uent trials). Motivation, not 1n this thecretical 

context an indispensable tor learning, is regarded as a cog­

nitive drive reciprocal ly related to mean1ngf'ul learning. 

"Typically, however, motivational and attitudinal 
variables are not dirr;gtlY involved in the cognitive 
interactional proeesa. They energize and expedite 
this process during learning by enhancing effort, 
attention and immediate readiness tor learning, and 
thereby tacilltate dissoc1ab111ty strength catalyti­
cally and nonapeciticall.y." (Ausubel, 1967~ p.253). 

On the grounds of their appropriateness far educat1 Cll, .Auaubel 

queationa achi&vement-or1ented, ego-enhancing and aDXiety­

rec!luc1ng motivational conatructa. For him grades a.re intell­

ectually atultit'ying; the important goal 1s to know and to 

underatand. 

so tar, Auaubel's theory~ meaningtul reception learn­

ing baa been deaeribed somewhnt uncr1 t1cally. He trankly 

a4111ta the necessity tor mu.eh more supporting research n14ence, 

an4 ~O'll more atud1ea to test tbe theory. Hie coaments, 1n 



61. 

regard to guided diaeovery, are indicative (1968. p . ,304): 

"Numerous short-term studies have demonstrated that 
guided discovery is mo.e ef'N.eactous tor learning, 
retention, and transfer than is el ther completely 
autonomous discovery or the proviaion of complete 
guidance. However, these findings do not necessarily 
indicate that guided 41scoi,ery ia more e:f'feetive for 
teaching subject-matter content than 1s simt>le did­
actic exposition.fl 

While recognising the plausibility of the theory 

insofar as 1 t ref ere to some categories of hwnan learning, 

1t does seem that the benefits arising from expository teach­

ing may apply more to the learning and retention or substantive 

content than to problem solving and latenl transf'er .. 

nActuall.y, the pr-1neipil effect of existing cogn1t1ve 
structure cm new cognitive performance ls on the 
:Learning and retention of newly presented materials 
where potential meanings are given - not on the 
solution of problems requiring the irppl.icat ion and 
reorganization of cognitive structure to new ends." 
(1968, p .1 30). 

In iew ~ the outline to this point, 1t is to be 

expe-cted tha't Auaubel would acknmledge the probab1U ty of 

'lli!§ of !eam111g (JJelton. 1964; Gagne, 196~, for his whol.e 

argument is premised on the a sumption that substantive 

eogn1t1ve outcomes ape the aine qua .non or the school, and 

ec - om1cally (Cal'Toll,, 1967) and ueationall.y, such goals 

t~h meaningt'"ul reception 

learnin/.h pax-ticu.larly With cogniti 1Y mature leal'Jlere. 

soae dlf'ttoultle ar1ae when xplori~ 9n7 h Uleory -

ncosn1t101l or the ~i ld~-~ei-er-enee boundar1ee. interpre--

tation ot inte.nttona ( caett di lltlised 1n eystem.-spec11'1c 

leg1timete ba" for Comt)e;ris.on w1th oth r viewpoints., and 



grasping the proct1cab111ty ot the theory tor prescription 

as we11 as explanation. The theory appears to meet criteria 

ot coherence and consistency, but it does raise problems, tor 

example, in identitying subsumers in individual cognitive 

structures, 1n the requirements of pedagogical skills (cf. 

Rudin's 1961 study of the teacher's effectiveness as a lectu­

rer), 1n regard to the everpresent assumption, 1n paradigms, 

ot linearity, and to quest10ll8 about collateral objectives. 

"As 1n the case ot discovery 1earning" remarks de Cecco 

(1968, p.468), "it 1a probably d1tt1cu1t to tind pure examples 

ot expository teaching." It is also di.:rficult to tind ll8DY 

clear examples or a range~ organisers as described by 

Ausubel. Vlhile he provides definitions ~ illll)ortant constructs 

1n the system-specific terms ot his theory, operational det'1n-

1t1ons are not so :f'requent. The Ruleg sequence (Glaser, 1966) 

in programmed instruction, meets aome o'f the requirements 

Auaubel stipulates tor expos1to17 teaching. as long as there 

1s compatibility be-tween the learner's cognitive structure 

and the potential mean1ng1'ulness or the rule. Not too cliae1m-

1lar, claims cle Cecco (1968) • is the general strategy o't 

c!eduet1Te teaching in which tho teacher often begin.8 with a 

def'1n1t1on ot the concepts or principles, illustrates them, 

and unf'olcls their impllcat i ona. 

B1bergall (1966, p.230), conc1ua1ng her 8Ul"ley o't 

disccnery learning, auggeetsi 

" •••• the expoai tional technique would be moa-t 
1table in the tollovring casee 

ror apecir1c (att,ject) matter aapecte, 
when the student is at the abstract level 

or &rnlopment, and 
(111) ror quick initial J.earn1Dg.n 
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EMPIRICAT~fYIDP:-7C~. 

Uoet of the research to c.1ate on expository teaching, 

ae discussed. has been undertaken by Ausubel and. hie aasoc--

1ates, although a number o~ studies relating to discovery 

(e.g. Roughead and Scandura , 1 96 8; -::orthen, 1 96 8;b ,:·1 t trock, 

196.31) and to instructional thecry and methodology (e.g. 

Nuthall, 1966; Leith and ~lcHugh, 1~7; Collis, 1969), apart 

~rom those designed to teat aspects ot programmed instruction, 

bear more or less directly on didactic 1nctruct1on. The 

value of advancellorganisers in tacilitating mean1.ngfU]. verbal 

learning has been demonstrated in eeveral experiments (Ausu­

bel, 1960; Pusubel and Fitzgerald, 1961,1962; Ausubel and 

Youssef, 1963; i1ttrock, 1963b). 

Of' the /\usubel studies, :four (Ausubel, 1960 ; Ausubel 

and Fitzgerald, 1961, 1962; Au.subel and Youssef', 1 963) are 

representati-ve, end continue the earlier (Ausubel, Robbins and 

Blake, 1 957; Ausubel and Blake, 1 958) research programme, 

emp1oying simi lar strategies. I.ater studies (Aueubel, Stager 

and Geite, 1968,1969) are similar to those cited, 1n materials 

uaed • in that tbe subjects (Grnde 13 students as against 

aenior ,mdergi-aduatea) ~ 'cognitively mature', nnd 1n the 

senera1 atratea used tor testing the tac111tat1ng et:tects ~ 

adTance organisers. The ad"t'Bllce organisers• introduced ( in 

the caae of expoai toey organisers) atter eatablishing an 

eaoent1ally zero baseline tor the content in cognit1Ye etTac­

tu.re, were specially prepared passages . It baa been a teature 

ot the research to use passages which oub jects read , rather 

than the more typical claaaroom situation where the teacher 
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present a introductory mater1a1a orally. Another f'eature or 
the studies bas been in the kinds ot: dependent measures used -

initial l.earn ing and retention have been tested almost ex­

clusively. 

Two of the studies (Ausubel, 1960; Ausubel and Fit2-

gerald, 1 S61) indicated that, when the presented materia l had 

no relation to known concepts (e.g . a text on metallurgical 

properti es of carbcm steel), and when the presented material 

(e.g. a text on Buddhism) can be related to known concepts 

(e . g . concepts in Chr1at1an1ty), the pl'OV'ision ~ an advance 

organiser (exl)Ository and comparative respectively) can be 

similnrly facilitating. Further evidence (Aus'dbel am Fitz­

gerold, 1962) indicates that the et"t"ect ot the introductory­

passage is most marked tor students with low verbal. ability 

(s . c •. A .T. scores). The conclusion is suggested that 

"subjects ot average and better ability are eTidently 
capabl.e ~ ppontaneoue~ organizing new material 
around 1'81.eftnt, more inclusive concepts, and hence 
derive little or no benefit f'rom introduced advance 
orgnnuera." (Auaubel and F1tzgcrnld, 1962, p .247). 

Wittrock'e (196:SC) study is provocative in ret'erence to the 

one 3Ust cited. The subjects, Grades 10, 11 and 12 students, 

were assigned on a atrat1:tied random b oeis according to sex, 

I.Cl . and grade level to one ot three experimental conditions, 

eeta to notice differences, to notice e1mi ler1tiee or to 

read and remember the passage (neutral) • The abOYe-median-

I . Q . aub~ects under the neutral can~ition 

tt tended to recognize more ditte.rences than did the 
less intelligent sub,ects. Further the dit:t'erencea 
instructions, but ~ot the s1m1lar1t1ee instructiona, 
pro<!uced a decided effect w1 th the less int el Ugent 
subjects." (p.74). 
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If, as indicated, less intelligent pup ls tend to recognise 

eim1lar1t1es, and more intelligent pupils , While being more 

rlexible in response to dircct1on.o, tend to note differences, 

the set-providing fw.ction of suitnble advance organisers may 

be expected to increase d1scr1.m1nab111ty. tJm"ortunstely, 

results by sex nre not reported. 

Gognd, 1n a recent study ( 1969,) , derived t"urther 

supporting evidence f'or the eff icecy o:r organisers 1n regard 

to retention. He states (p.413): 

"The seccmd ma~or conclusion relates to the er:reeta 
or- dirt°erent kinds of' context an the recall of racta. 
f context which 1a superordinate, introducing context 
t°acts with a general topic sentence, racilitstee 
recall o:r :tacts to a greater extent than does a co­
ordinate or wirelated context. The coordinate context, 
containing f'acto relnted to the :tact to be remembered, 
also leads to greater recall than does an unrelotecl 
context • Bot h these t'ind in.gs are cons1 stent w1 th the 
theory of' Ausube l (1968) to the effect that retention 
of meaningt'ul :tacts is i mproved when ef':torta are made 
to mobilize anchoring ideas within a pre-existing 
cognitive structure. Somehow, even in the :rece ar 
interference, the organization o:t f'acts into topics 
Ol)eratee to :rocilitate retention o:r rticulnr t°acts." 

It mny be that some general qua11tieo o:r organisers 11111 pro­

Tide d1ttorent kinda o:r set. TUckman et nl. (1968, pp.66-67) 

report an unexpected inference :troQ their results: 

"the strategy of search could be made more re d1ly 
to trenof'er than the skill o:t search, as the result 
or limited prior experience." 

Reyno1de (1968, pp.133-138), dealing with verbal-perceptual 
' 

material, ro~ that 

.,pre-ram111arization with a single integrated map 
structure provided gl'e.ater trans:ter to sent~nce learn­
ing than did pre-tam111ar1zat1on with the same map 
which hnd been :tragmented into separate and discrete 
pictures." 

Additiann.l work suggestive of eupport ror an .Ausnbellan 



mode of expository teaching baa been reported by Collis 

(1969) and by Leith and MeHugh (1967). The f'opmer, whoae 

sub~ects were "at the early secondary school level", used 

mathematics textbook material which had been organised 

according to .Ausubel' s themes ~ progressive diff'erentiation 

and integrative reconc111at ion. fflllle the methemtice cri­

terion tests revealed no significant advantage tor the 

experimental group over the control group a:fter one year or 

the programme. th.ere were s1gn11'1csnt gains 1n attitude ~or 

the chi l dre.n using the experimental textbook. Leith and 

YcBugh. inveatiga ted tho effect of varying the order of the 

main passages, ane a£ which, the theoretical passage, wae 

designed to act as an organ iser. The organiser (T) occupied 

the introductory, mediating and eummating positions relative 

to two passages, one of which, the patr111nea1 (P), wae de­

signed to be readily assimilated; the other, the matrilineal 

(M) being much more d1:t:t'1cttit. S1x treatments eT01Ted from 

the ordering ~ the main passages, and, w1 th the remaining 

two conditions omitting the theory paasage. a total er eight 

groups were included 1n the design. The group having the 

order !I. T . P . peM'ormed best on all tests o£ both P and II; 

however, it 1s noted that without tec111tat1on the recall 

ar the M passage waa poorer than with tac111tation. The 

1nveat1gator$ con.s1dev (p.1t6): 

"Aueub el' a reccmmendat ion at the uee or an a4T&nc.e 
orgam&er baa been 3uet1fted in the case or 11&ter1a1 
which doea not ccnf'lict with e-atabltshed cogxd.t1...-e 
~tterns. But the advance organizer 1a no better 
than either a mediator between passages or a ,mmma.17 
1n this caae." 



Their ccmclus1on in regard to the place of theory io, then: 

"In the conditions at this experiment 1t would seem 
to be after the learning o'f particular concepts 
rather than before the, especially when the more 
dit':ricult exemplar is given tiret." 

Tht1a, while f'ac111tat1ng etteeta were found ror the theory 

passage, the researchers raise questions related to sequencing. 

Another set ar studies giving vamng degree-a ot 

support to the etTect1Teneas at expository teaching have been 

those which haTe also had r~erence to diseoTery learning. 

scancture an4 hie colleagues investiga'ting mathematical learn-

1.ng, have prOY1ded sane eT1dence, particularly 1nso1"ar as 

rule provision is an aspect ot d1aact1e teacbing. One study 

(Scandura, ··1oodward and Lee, 1967) "demonstrated rather con­

cl'uaively the behattoral l'"elevance of rul.e general1 ty'', in 

that the subjects given the most general tol'ID or the rule 

achieved greater witb1.n-scope tra.ns1'er. Roughead and Scandura 

(1967, already c1 tea) empbaaiae two cCllClnaiona. F1ra1., what 

is learned durin8 guidec! discovery lenrning can at least 

sometimes be t aught by expoe1t1on, and with equivalent 

results. 
0 .1\a we identity 3ust w~t it 1a that 1a 1eamed by 
discovery 1n more and more ait1mtioDa. we shnll be 
1n an increasingly better pooi.tion to impart that 
aamo knowledge by exposition.« (scomura, 1968, p.339). 

Second , there tbe sequence 1a to provido tbe rUl.e before 

g1Ting opportun1t1ea to discover. pupils portorm no better 

than U' the.v lxld been given the rule only. 

11In etfect, pPiol' knowle4ge may octl:1ally interf"ere 
1n a 'YtlrY aubatnnt1a1 way with later oppo.Ptun1t1.ea 
to discover." (Scen&lre, 1968, p .339). 



Scandura• a basic argument appears to be that expository 

teaching can be much more ~ect ive than 1 t typically is, 

68. 

11' 1 t can be speciried clearly, through structural 8Jl8].ys1s, 

what 1 t is that 1s to be learned. NeTertheless, Scandura 

sounds a cautionary note (1964, p.155): 

"Comparisons between exposition nnd discovery 
necessarily involve the simultaneous variation 
o'f several variables ant! ae such cannot be taken 
as definitive, no matter what the results." 

A number or experiments have produced results in 

which the learners MCe1v1.ng expository instruction have 

acbievecl aignif'icantly more h1gh1y 1n initial learning tasks 

than have contrast groups. (e .g. Kersh, 1958,1 962; Wittrock, 

1963; ',7orthen, 196~ • I n many studies the e:xpoai tory group 

ha8 also manifested superiority when time or trials to master 

learning has been the criterion. (e.g. ·1·1ttrock, 1963; Guthrie, 

1967). Ausubel {1968, p. 215), discusaing the extent to which 

intellectual development can be accelerated, expresses the 

opinion that didactic procedures together with coo.crete­

emp1r1cal P1'0PS can be helpf'Ul. 

"Cona1clerabl.e avidenco, however, indicates that tho 
use ot Tarioue verbal t'l~tic procedtJ,ree (prior 
Terballzat1on of pr1nc1p~; the use of verbal rules, 
:tilmed verbal explanations, eont"rantirig tbe child 
verbally with his own ccmtradlctiona), 1n conjunction 
with concrete-emp1r1cal propa, Jam accelerate the 
acqu1a1 tion ot conaenation and probab1 U t7 theory 
(Frank, 1n Brunei- , 1964; ltohn.atamm, 1966 J o jemann and 
Pritchett. 1963J O~emann, :axe7 and Snider , 1966; 
SUl.llftn, 1966) ·" 

An examination or usubel'e (1968, pp.147-162) 8U1DIJJ8.l7 ~ 

trenater end its pedagogica1 tac111tat1on reveale. unexpec­

tedlJ', the nUDtber of times reseat-eh related to retention 

rather tball t~er is cited. Thia auggeata an 1nteri,Ntat1on 



of transfer 1n a 1th1n-ecope sense more then an extra-scope 

sense, and may have aome bearing on the typical use of 

retention as a criterion measure 1n :reseer-ch on exposi t1on. 

Although mu.ch evidence can be found f'or the transfer value 

of understood general principles (e.g . Hilgs.rd et al., 1953. 

1954) • Scandura (1968, p .336) expresses some doubt insof'ar 

aa expos it ion is concerned. 

' ·fb.en rules are presented in en expos1 tory fashion, 
it 1s norma ly too mu.ch to expect generalization 
to prOblems to which the principle does not 1 ed-
1ately apply. 11 

The evidence tends to provide strong support for, 

the bene1"1 ts of expos1 tory procedures 1n regard to 1n1 t1al 

learning scores and time to criteria, less consistent results 

!'or r-etention, aJld mbiguous results for transfer (cf. Wor­

then• 1 968~ p .1 ) • Different criteria make results hard to 

com-par ; nor ie it clear just what aspect of expository 

teaching have gpe.ates't potency ror given objectives. th 

and Smith (1966, pp.324-325) • revie 1ng Nsearch on t~er 

:t'rom pro~mmed leal'ning• ke s interesting observatioJl8 

which have, at 1 ast, tangential pertinence to this 41acuss1on. 

Oegn and Diek (1~2) f"ound t~er teot . c Tery low in-

deed f ollow g pro ..... --.:au.UIJl'.lCfd 1 troet1on an qaati<l'lS• although 

the 

t-testa. 

bly well an wrbal nd 

Ol'e Of their 
tr"'9_,..olt:z e.na B"Ona -

~--ntina c~h'-
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ming responaee in a program as com-plete t~ts, 
ueual.ly be repeating the rel.evrult parte ot t'Nmea 
with the desire-d responses inael'ted, iruJtead 01' a.a 
isolated tro:rds or phraeea. Their groups showed no 
dS.f'1'erence in knowledge ar terminology, bat the 
context groap excelled 1n ability to apply pr1ne1plea.n 
(Smith and Smith, 1~6, p.325). 

Pertinent, too, ia a recent study by Rowell, Simon 

and Vliseman (1969), 1n which verbal reception and guided dis­

covez,y technique.a were compared, 1n a classroom s1tuat1cm, 

tor their eN'ectivenees in promoting the formation or etabl.e, 

uaab1e, cognitive achemata 1n comparable groo.pa of university 

students. The reaulta indicated that explicit direction can 

produce performances eupe:rior to those resulting trom a guiJied 

d1aco,-ecy approach for immediate recall, delayed retentian and 

transfer (p == .05 or leas). The investigators, 1n their dis­

cues1on, Point out the relatively al.ow bu't steady decline 1n 

pe~ormance cm auceess1Te tests of the vemal reception gra,.p 

Thie decline 1s one which might be explained as obliterative 

aubaumption, . as there seemed to be, at"ter ten weeks, retent1cn 

ot "the overa11 stl"UCtUJ'e" and loas ot detailed 1n.tormat1on. 

Two 'f'actore, 1 t ia Sllggested, cou1d haTe contr1bute0 to the 

better performance or the directed group , the imposed time 

limit en the experiments, and the learning history ot the aub­

~ecte. One further result 1a gtnsn apec-1al attention by the 

experimenters• vis. the relative results ot the two groups 021 

App11cation Teat 3. In terme ot absolute aeoree on thi• teat , 

the ¢ded discovery group ectuall.y improved, whereaa the 

acoi-ea ot -the Te~bal reception group CCllt1n.ued to decline. 

While the latter's acol"ea were still au.pel'1or to the tormer'a, 

the rormn- ah.owed mrkecl relet1Te iaprcnement. The authore 
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conclude that, sub3ect to the experimental lillli tatione, 

the resu1ts of their study, taken aa a whole, suggest that 

instruction techniques of an expos1 tory or verbal reception 

nature can have greater pedagogic merit than baa sometimes 

bean assumed. 

"This, ~ course, is no longer a unique ccnclua1on: 
a nnmbel:9 or writers have expressed basically sim­
ilar views." (Rowell et al., 1969, p.242). 
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CBAPl'ER V 

DEFINITIONS, CRITERIA .J\ND eypg.rnFSE,S 

RESEARCH CO?!TF.X1' • 

The respective reviews of 11 terature and research 

have rei9erred t o theoretical orient a tions, and the diecuaeion 

~ the general research problem carried overtonee of the017. 

Aa so many educational psychologists (e.g . Gage, 1964; 

Bl'Uner, 1966) hnve Pointed out• the re 1a no the0l7 ~ tea­

ching to provide an 1n tegrating network syntheaising the 

relationship between instruction, learning~and ind1v1dml 

an4 deve1opmental characterietice. Bruner (1966, pp.39-12), 

in 4e11ncat1rg his prolegomenan to a t heory ot instruction, 

indicates tbe pre l iminary nature of h1s attempts. Tentat1:n:ly, 

then, and at a very genera1 101"el, it is here suggestec1 that 

the teacher's task, as tar ae cognitive learning goals are 

concemecl, is that at man1palat1ng the cognitive gap, arran­

ging tbe ~atch, between the l earner's preaent status and the 

substance o'f the exp~1encee to be provided ~or him to achieve 

the goal.a. Inatruct1onal strategies are the means intended 

to :tacilltate the aeh1eving ot goals, and, no doubt, d1tterent 

etrateg1ea set ditttll'ent t.eak requiNlmenta, different data 

process ing cond1t1ons .. Auaubel argues -ror asa1m11-at1on 

follow1ng a contiguity ot mean1Jlge; SUcbmBn -ror acCOIIDlOdation 

fo1low1~ a discrepant· eTent, a 41acont1nuity- o-r meaninge. 

Each aaSWDes aa given, cognitive etructurce. active data pro­

ceeatng and a reeollltion either b7 S'llbeuapti<*l or nconcll-
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iation. Kagan posits pre1'erred modes of processing. All 

ahs.rie a general cognitive perspective. It is in this broad 

context that 'this present study is ,mdertaken. 

CogNrrIVE STYLf • 

Fer the purposes at this study, cognitive style is 

det"1ned at the general level. a'8 a pret'erential mode o't 

categorisation expressed in e situation where alternat1Tee 

are possible. (Sigel et al.• 1967). Tho situation is tbat 

provided by a Kagan-sty'le Triads teat, 1n which sx-oops o~ 

three at1mnlne-p1cturea are presented 1n booklets to the 

sub 3ects, 1fhose tnsk 1a to select two f'rom ench group o'f 

three pictures, on the bae1 o o~ porcc1 ved cue properties 

whJ.ch suggest to the subject the way 1n which the chosen two 

11are alike or go together 1n some way." Alternatives are 

-provided 1neaf'ar as each triad cnn suggest aeYeral pair 

groupings, The mode or cateaortaing ie indicated by the 

reason the sub~ect 1s requ1red to state for each such group­

ing, the written reasons beiig clnss11'1ed according to criteria 

eet out belo,r, and the resulting three score& being aeparately 

awamed to give a meaeUl'e ~ cognitive atyle in the thl-ee pre­

'Yioualy 1dent1fl1ed categories: 4eecr1pt1ve, 1n:terent1al­

categorical, and relaticmal-contextual. (Kagan et a1., 1963). 

The c:1"1ter1a ontllnet!l below are adapted t'ral those given by 

Eagan, with some e1mp11ricat1on and ref:lnellent to increase 
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clarity and consi.stenc)' or nppllcation ( C'f. Sigel et al., 

1 967; Wallach a!Xl Kogan, 1 96 5; Gordon, 1 966; Edwards, 1 968) • 

sc9r1ng cr1ter1a: 
Pep~ptivt;_ Gitonp nge th1 a categQl"Y are baaed on a1ndlar1ty 1n 
objective, phyaical chnractol'ietice amens a groap of 
stimuli. The ccmcrete attribute shared by ob~ ecta 
can be perceived through any ar the senses, alt mugh 
Ti.suo.ll.y perceived facets~ the et1muli are ext,ected 
to dan1nate. All descriptive labels mu.1Jt contain a 
ret'ercnce to a commonly-a.bared, physical attribute ot 
the grwped stimuli. 'l'\fo sub-classes have been 1den-
U1'ie4 (Kagan et al., 1963) - a;!;~m~-
wbero labels denote obsel"T'Bble s tbe r , nnd 
~1D:::Bl-~· 1n which la;: rater to eillila:r-

es ased cm t total objective mnn1.testat10!l8 or 
the stimuli. Exa1111>lea ot descr1pt1ve-analyt1c cate­
gorisations rderr1ng to enimol etimu11 BPe: 'they both 
haYe tail.a, hair, :f"oUt' 1.eg:a, one enr drooping'; huam 
stimuli are: 'both have guns, wear shoes, haTe hands on 
hips wear skirts'; ob~ect stimuli ere: 'both contain 
liquid, have a leg mi.esing , have a lense, have handl.ea'. 
Examples ~ descr1.pt1Te-global labell.1ng (which were 
actually' infrequent) are: ' both hnve the same shape, 
are 1n the same poeition, are the same a1ze'. 

1re1rent1al,-s;ateggr1cr-l-
Tese concepts c1asoit'Y objects because ot &<Ille charac-
teristic ahared by a11. but what they al:Jaloie 1a not 
inherent 1n the physical. nature of the stimuli grouped. 
The label.a do not contain a direct rc:t'erence to an 
objective. physical attribute o-r the group or atimull 
(unJ1kaa "descriptive" label.a), Md l'l't each object 1a 
an 1nd1Tidual. 1netance a£ the lnbel (unlike "relational!' 
concepts). The cl.asait"1cat1cma ~quentl.y t'all into the 
area at location, usage or superordinate claea which 
Btt>sumee the ~t1cular instnnces. I.Dcation examples 
woul.d include: 'both are :tcnm4 near water' • 'both 11n 
1n water'; wsage emmplea a.re: 'tor eating'• 'both are 
tor travelling cm or in'; snperordimte clatlatticat1on 
1a exempl.1:fied by: 'both are aniJ1Bte • , 'both are t'orma 
at footwear'. 

11at1ona1::cont~ edi.at1ngu1ebfiig acteriatic ot these conceptlJB1 
labela 1a tho.t they f#Ofl ·out at the relat~onah1p between 
or am011g the atimu.11 grouped together, and then serve aa 
a kind ot Ullbrel.la OTor the coll ection. Because o:r thie, 
no stimulus 1a an 1nclepen:1ent instance o~ the concept, 
and some have greater weight 1n determ1ning what tbe 
concept became than did others. ~heae relationahipe 
U01J8 the atlmalt gl'Ollped together are runct1cmal., and 
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build <11 c onnect1oll8 of a t or 1, pat1 1 or 
canplementary- nature. The t mporal-epatial canplexes 
are concrete or e1tuat1ons.1 in nature, general.l.y 
thematic. Typical examples are: •a dog live 1n a 
kennel'• 'the father and mother had ab by' 'the thread 
goes through the needle'. Sigel et al. (1 ~7, p.2) sum 
up by de:tining these reapons a "indicating 1ntei­
dependenee in~ pai-tieular situation expressed in 
flunctional or thematic labels. n 

Thus~ operationally, cognitive style is defined by 

subjects' responses on a twency-:rive item triads me sure, 

based on Kagan ' e conceptual t yl s te t (Kagnn et al., 1963; 

Sigel et al •• 1967).. In the int r ts o:r cona1ate 7, the 

three d 111 be re briefiy ter d eer1pt1v , tegor-

ical and relational 1n the mainder o:t the report. caua 

o :tew de cr1pt1ve-global reapenses r de • it oul.d not 

have been inappropriate to use the label 'analytical' :tor 

this ty'J..e. Ho e r, 'descriptive' is robab]y mo acenrate 

ovemll. It wa noted that t children's statement used 1n 

tormul ting reason ~or, choieee of 1.,-.-1::l'Tlnupinge, rev led 

1anguag pattePDS re ted to the mode. The e tterns sh ea 
yp1cal characteri tic • For exampl , categorical choices 

were usually phre. ed " ey both e •••• "; descri ti eboi 

usually "they th u .... , or "tbe7 b h 

go"t ••• • "; d the re1at1onal r p ee ifeste auch ver al 

-ro 
ot th 
ff 

( C1'1ptt ) ; u 

' •••• f •••• kill " ••••• 
DOJlSe~ to It ill t t1ve: 

(re ti y h 

e oth merun1rers" (ca egor1cal). 
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TREATMENTS. 

The ·treat ente, 1 belled 1n the l iterature outded 

Di cOTery and Expo itory, or those hich are mod1:t1est1ons 

o:r Example-Rule nd Rule-Example approaches. are sut'ficiently 

c lex tor no brie:t' det1nit1on - opel"8t1 onal, constitutive 

or t1pulat1ve - to be completely ad quate. lready, prob 

or naming the treatment 1ndepenaent nriables have been d1a­

cu sed 1th reference to e nt1c consistency and tautology. 

long as umptions about intel'Vening variable re not 

de because or interence:s pos ible :rrom the naming ar t 

s.rus.pendent variable, the -.i·~ si• n to the tre tments may b 

lea important than the def'ining cri teris. Furthermwe, :rev, 
~ the recent 1nv stigat1ona have avoided naming the tN:atments 

a discovery ~ e itor.v mode (e.g . Roughead and Scandura, 

1968; Guthrie, 1967; Worthen, 1968; Rowell et al., 1969). 

However, greater care baa been exemplified 1n providing clear 

descr1 10ll8 or the treat nt • P..ere, an atte p t 18 de to 

de1"1ne the treat ta by cr1teF1& guiding teacher re poneib11-

ity and task 

t t ploy 

quire nts or pupil.a , e.n approach similar to 

by Vortben. re, n ert.hel s , e 

ditterences intended to t proce41U'e- , bile till 

1nc!e ndent, re 1 l or lif' t clas ro than those 

forth 

e to ke 

ibl • 

• t th •• 

ff ctive 

41 cot'er1' 1 r p n d fl' haring 1de ; 

1f rq w re de~ t t cher 1 nothillg abut th J'Ul 

• the a~!rtrerr incorrect • In 1n the 
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writer• experience, the are not canmOJl :re turea. Glick 

(1968) 1n fact sug at that 

the instruet ion for others. 

pnpi 1e ( targ ~) mediat 

As 1t is probably impossible to specU'y all the 

distinguishing characteristics of each treatment, and as it 

1 likely t.hat any particular component ha potency 1n 

association 1th and 1n the context or all other components, 

the defining criteria given are tho e h ich hav b given 

eo fdgnif1canc 1n research and thear tical writings. The 

labels to be given the tre nts, :toll01J1ng t11ttroclt, are 

de cr1llt1 e , and canto to th 1r :t\mcti ems independent 

variebl • These label , then, 

onst ted (R .E.), and Rule-Deriv a-w1th--Ou1clance (R. D.). 

T£ tmept Cr1S§r1a. 

sequ 
(in gen­
ei-al and 
tor each 

). 

R • 

(b) 

~. 

11 acrt1rt ty to 
4er1Y r c1pl , rul 
tc. C guid 

act1vtt • 
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CU.ea, ch r is the source of 
pro iaian information, xpla1na 1n 
ot int'or- detail and as cl rly 

t1on. and simply as precision 
perm! ta. Use concrete­
empirical props to 

'reacher 
reapon e 
to pupil 
que ti.ens 

Role of 
te Cher 
questi 

4emo tr te, of me 
kind as ed by pupil.a 
1n 'treatment R. D. 

Refer children to rules 
exp 1ned earlier. 

lll'e t aning' by 
exempl a or snalogy WbM-e 
nece ey. SUgg ta 
r 11 o'r expl · natory 
principle , , 11' 
need , re-exp 181 • 

To a 1st reeall of 
1nclusi? ccncepts t 
principles. 'i'o aid 
di er1m1.na't>111ty an4 
relata 111 ty. To 

lllBte pupil under­
standing ot concept and 
principles. To sist 
recall of rel ant prior 
l.ea.rn1ng. 

General To lmow and under-.,·-. 
Set. 

78. 

• 

'1'e cher void telling 
directly, but by que tione, 
hints am cue , lead 
children to t"ormul.ate e.nd 
provide answers. Indirect 
rather than direct trat gy. 
Cues, as 'tar as po tble, 
not too specific. 

Reflects beck, g ives h1llts 
or rurther l ding questime, 
pl'OVide another 1n t nee 
or simple probl • void 
dil'ect explanation. Su-~-s 
recall of lier probl 
and deri ed rnle. 

o guid.e thinking. 
provide direction nnd hints 
to a · 1st ehildNn 1n de­
riving and ~ormulat1ng ru 
etc. o toe attention o 
criterial attributes, 
instances. To assist l"eC&ll 
of relevant prior learning. 

Additicm 1 commep.t on treatment cr1tgr1a. 
A far a possible• w , pporti appr ch ould 

be Ti.dent in each tre t ent, ri th reinto ployed 1n 

n t ellng o~ cess ( 1n probl ol 1 or 

gaining ding gr a, ~e ck 

~ , ~ ~O?'t, an 80 • 
The nd equ1 t u ed to d orust t fa,:, p c-

tic 1n t ent R. • will be the t ptt 11 111 

us in tre t nt R. D. 1n the deri tion ot rul • C L 1ie 
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control of all treatment variables ie imposs ible, but it is 

t'elt that the treatments are sufficiently distinctive to be 

acknowledged as independent . 

Operationally, the independence of the treatments 

will be det'ined by coded scores resulting from analysis of 

audio-taped samples of each lesson. The form ot analysis is 

the Interact ion Anslye1a System described by .Amidon and 

Flanders (1967). The treatments are anticipated to ditter 

1n directness-1nd1rectneu, proportion of time 1n teacher 

lecturing, in pupil initiated talk, 1n teacher questioning, 

and, c0D.8eqµently, 1n pupil reap0nding. 

!fXPOTHESt.:S • 
The aurveya ot the literature and previous investi-

gations (Chaptore II-IV) contributed to the formulation~ 

the problem, lea~ing 1n turn to the generation or the eypo­

theaea below, Which are stated 1n the research t'orm. The 

null torm 1s regarded as a procedure, e convention or :tormula 

:tor testing probabilistic 1n1'erence rather than a meano ar 

1nd1cat1ng the practical or educational a1gn1t1cence o:t eey 

r1nd1nge. (See discuaa1on by Sa%, 1968, p p.107, 418,419). 

The latter kind o~ s1gn1t1ce.nce can be eTeluated on the baaia 

o~ theory-b aed argument, supported by such evidence as can 

reasonably be der1Te4 from the data, 1th1n the limits o-r 

experimental reatr1ct1om,, the internal coherence or t~ 

caae, and its externa1 Ca'laiatenc7 with other :t1nd1ngs em 



xplaDations. The bypotheaee are gi n 1n three grou.pa: 

t~ refel"l"ing to cognitive et;Yle. to treatmenta and to 

inter ction • 

1.1 The g irls 1n the population studied wil l make 

s1gnif'1cantly more relational reaoonses on the 

cognitive tyle measure than w1ll 

pOpUlation. 

bop 1n the 

1.2 The boys 1n the population studied 1'1111 e 

a1gn1f1cant]¥ more d scrf:ptive reapo on the 

cognitive tyle 

population. 

sure t n will the girls 1n the 

80. 

2.1 Pupils receiving Trea ent R. E. will di on trate higher 

levels of initial learning than th e receiving 

Treatment R. D. 

2 .2. Pup11s receiving Tre tment R. D. will gain higher 

aco, son SUN or p pllcat ion and tr na-rer than 

1'1111 those recei v1ng m t t R . E . 

2.3 There 111 be no significant differences 1n cores on 

2.4 

2.5 

t ure of retention bet pupils rec 1 1Jlg 

T . t ent R.E. end t 8 receiving t nt 'R . D. 

T e "111 b 

t C 

ot 1n1t1 l 

T nt n. 

9otanA d 

no igntttcant dif'f'e 

d by pupil " co 0 t- st 

m!ng. nt1 pp].1 tion-tranet"er. 

• 11 onabat e -~ cturmg, 

pil-ta lk than 

4, 5, 8 4 

4,Q,l<M6ti.•""f-D In'te ct ion-: al 1a. 
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3.1 Pupils whose pre:terred cognitive style is descriptive 

will demonstrate more ef~ect1ve learning as measured by 

performance an post-tests :tollowing Treatment R .D. tr.an 

will pupils receiving Treatment R.F . 

3.2 Pttpils whose pret'erred cognitive st vle is relational 

will demonstrate more effective learning as measured by 

pertormnnce on poet-tests following Treatment R.E. than 

will pupils rece1T1~ Tre.tment R.D. 

Speci't1ea11Y, these hypotheses pi-edict eigntticnnt 

F-rat1os at the .05 level, inn multiple anal.yeie o-r variance, 

ror Ua1n Effects :r-or Factore B (Treatments), C (Cognitive 

Style) and D (Sex); :tor First Order Interactiona B x C 

(Treatmentllx Cogn1t1Ye Style), B x E (Treatments x Ob3~'lves), 

B x D (Treatments x sex), and c x D ( style x Sex); and tor 

Second Order Inters ct ions B x C x D, B x C x E and 13 x C x F 

(Treatments x Style x Occasions) • While 1 t 1a recogn1aed 

that the .05 ln-el ot e1gn11'1eance does, as an accepted prob­

ability level 1ncreaae the risk of Type I errors, this level 

is deemed more appropriate for a mult1p1e interaction study 

1n a natura11at1c setting, where within-group Teriance can be 

expected to be qu1 te large~ than woul.4 the more stringent .01 

lnel. For an exploratory stuc!y, locat 1ng trenc!s seems as 

important ae the poae1b111ty ~ reaching conclusions. 



SUBJECTS Alil1 THEIR .ASS;tGNMENT TO CONDI?IONS • 

.A ge1fZll111!U to groups. 
The a jects 'to.r- the experimental 8l'ld control groups 

were drawn fl'tom ong the Form I eh1 ldren t a laPge N l 

Intermediate School 1n Bnmilton city, only tho et chll<lren 

el eifiec! a • cial cl.a e• · 1le being exclucled. A 

modttied :tom ~ etre ming is used in the 001, there being 

one top-stre class (made up of pupils lected trom ea.ch 

year intake on the basis o:t general ability as 1n41csted by 

scores on the otis Intermediate, ttainm nt, an4 recommen-

4 t1ons :trom the contributing chool ) , and nine parallel 

cl.as a ch with similar distPibutions o:t pupil 

age, ex, enl ability an4 att 1nment. The llle<l!ma or the 

teh o I c a e for age and I. • ( otia I termediat , 1 936 

) are 146.24 109.82 re ctively. 

ot' the · 

14,.62 WUJ!.lw;m 

t-tfty ehUcSr . 1n 

A'INl!lY'll~rA I.• 112.55 ( 

exp r1a t 

s1gnttt-

cant].y diff 

~ o reco 

t the chool tQ be co 

school 7 

tu 1a eo med. 

choice o:t o I eh1 

~1uem~·et11 Wl!V~l 

en)• 1 t1on 

rar a oc1o-

n, nd o:t th ticular 

ctom. lrat, t 



w approeohing the Jnniw High School level pl'op e4 b7 

Ausubel an approPr1ate tage tor the use or expo itory 

ethocls. Although not a11 Form I children in this school 

could be expected to be c-ogn1t1vely matur in the aenae ~ 

re t~ t 1 ope1'8.t1orial thinking, it app ed 

reasonable, following ustt>el'o argument, to expect tmt, 

with the use of supporting coneret.,-emp1r1co.1 'Prop•, they 

would be e pable or a s1mila t1ng potentially m an1ngtul con­

cept aJJd principles. The dev lop tal stage theories, alaO, 

provide nor ons to suspect that di covery-tn,e ap oac 

would be any s !table tor these childNn. seconlly, the 

chi :S.,dr :n er , in the main, accustome4 to observers and 

t ecial 1essons', ao that neither extre or docility tbrough 

being overs: , nor excitability due to novelty, ea likely, 

part1cul.arly wh student t achers nd Teachers College tatt 

were tbe o 

currently 

nd t che-r • Th11'dly, the ho ol waa 

1 nting tbe n c1ence curricul ror Po a I 

to IV, and, a a result, the antici ted co-ope t101'1 and 

uppwt ~ the school statt was rill ingly given. 

t eienc content of th e r1 ntal 1 so w h tbat 

1Dc1plea-oth p:rincipl -exp trat 

4erf -t -gu14 p he· e d 

0 C • Again, t intro-

duct1on te t Che 

0 a r1ty ot 

by 11 the 0 I p11. 

childl'en re 1 



control condition on rat1r1 rand b s according to 

the procedllN outlined below. The cognitive 

Triad One and Triad Two, were administered b7 the ~it.er in 

the ten c rooms ovc,r a two-day period, With no teattng 

being undertak n bet'ore 9.30 a.m. or e:tter 2.30 P••• on either 

c!Q'. A the writm- evioual.y visited all the clasArcltmlA 

on other oec siana, he wa own to the ebildren, aJld no 

rappOPt d11":ficult1e were xperienc 1n t! ni ter1ng the 

suree in rel t1vely 'non-te t' (e-r. llach 

aD4 Kogan, 1965, pp.20-24). Th -·~--p r ere scored 1n 

ccord with the Cl'lt 18 (pp.74-75), and all aeorea, tor boys 

and girls rat ly, were can et! into stanine units, 1n 

order to render the different d iatr1but io ror boy- and gtr-la, 

ivalent. he atan1ne ca1e, a and in each of the -odes, 

normall a nine-point stsn ecale in lt-s1 units, with 

qui lent tan rd seo 11 t of -2. 75 to +2. 75, rcentile 

rank 11mi 0.3 o 99.7, and ha or 5.0 with t 

limiting els 

the E.'I'.S. ( 

being 1 anr:1 9, b en us d ext 1ve ly by 

Duro t 1n Gronlund• 1968) • 

All papil ba4 been ll.ot code n lb r 1n order 

to r 111tate a 1 ent to ot table or r 

(CochNme na cox, 1957). :up1 rank • 
high to low, 1n Stan1lle t er ed t J 

in - th 0 1t1ve le 

1de tificeti b er. 118 e 

unit~ 0 d1t1ona1 ta u 4 in 

ng l'enk t ( ) difT eb th d in 

c! and leea d in! bl t nine un1 ta,. ( ) ore 

-

t 
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on 'ri-1&4 Two e an indication ~ eo istenc7 of pret'eNnce 

(i.e. general1 ability). The experimental design required 

tour experiment l group n4 one control group, each group 

containing thirty pupils ( tttteen boys and t1f't.een girls) , 

with five at each sex representing each ot the eogn1t1ve 

stj"].e dimensions, so that the basic cells contained f'ive 

children. eut-ott int Q1. the ranket! -tanin scores, tor 

h cognitive mod en :ror both bo an girls, was et t 

7, a 1 er lim:1 t equivalent to the standard co ~ +O. 75. 

Tbu. , stan1ne units 9, 8 and 7 1n each ot the ix cate ies • 

d tined the pul.at ion p, f'rom which the jeet were 

ass1 d t rendan using table o~ random n ber (Cochrane 

and Cox, 1957) and pile ' code numbers. he rationale for 

the particular procedure 1 provided 1n Kerl1nger• a (1964) 

discussion of the 1ncon principle; in th1a cas maximising 

t be n-c lls arisnce (style)• and at the rune time 

mini sing the w1 thin-cells rience ( tyle) • Si lar tho<!a 

haTe been loyed in 1nv st1gat1on here tm 1nd1v14uel. 

cha ctel'ist1cs atudi Te had a tively h 

trio and earch h1 ~ (e.g. dt rgent thinking a dy or 

rand J , 1967). 

Although the 1 1' ts wer for one b:uncll91 

n fifty childr • the 1n eac or t , :x-

41tt rent t t co . yl tegori the 

e nd eighty children to ix 

with 1 n •ho d d lar 

C tot 1gn • It w , t , 

4 c14 to 1 e1x up , int 1n1ng (t ixth) 
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as re e o that , houla any pupil b ab ent :tor the 

expert entnl period, it would be po si'ble to elloeate n 

replacement, t rand , from an equivalent cell. The ·1n1 l 

Nqui ent , f-Ol' ti ft gro only, are shown 1n 'l' ble I. 

TAB!§ I: §TA1ITNE LEVELS FOR li"3IONMENT OF Str.BJJ!CTS 

Cognitive Sex at 8 score qu1valonts 
tyl.e SUb~ect Stan1ne Seale 

9 8 7 

BO¥B 14+ 13,12, 11,10, 9, 39 25 

G1r1s 11+ 10, 9, 8, 7, 34 25 

ategw- Boys 17+ 16,15,14 13,12, 36 25 
1cal 01r1e 16+ 15,.14, 3,12,11, 32 25 

Relat- 079 21+ 20,19,18 7,16,15, 37 25 
1o.nal Girls 22+ 21 ,.20, 9,18, 32 25 

The eans for c lls tor t ti oup and eix c tegoi-1 

were ery 1 lar, and reveal d no differences which could not 

be account d for by chanc variations alon • (The largest t = 

1.20, 8 d.f., .s.). 'l' 17 a hown below 1n T ble II. 

G D 1 0 oup 2 Group 3 Group 

a 8.0 s.o 
1.a 7.6 7.8 1.a 7.8 
a.o - 1.a a.o 7.£ a.o 
7.4 7.G 7.8 7.6 

lat- 1.a 8.,0 7. 8 s.o 
1 1 Girls s.o s.o 7.6 .o 8.2 I 
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S e restriction on the generalisab111ty of any 

findinga :from this investigation I:l&Y f'oll :trom the :tact 

that this sample is trom a school in which the aYerage Otis 

ecor is above the standard mean of 100. However, .lle~r' 

(1969, pp.140-155) re tandardieation o:f the Otis Te t -,ro­

Vid data which would suggest that the mean I.o. 1n the 

school approximate the national mean :for this age grou-p. A 

mope s ~ioue restriction is that the ubjecte aes1gn d to the 

xpel'i ntal and eontPOl group wer high scorers on the 

co 1t1ve stJ'].e inst ent • At th time, the childr 

1 char eter1 lea which would ke 

th n o:f their age. 

A algeent o:t" Gropps to Conditions. 
,1th the id of a pl.8,-ing die• the grOllps were assigned 

to control an~ exper t 1 eon.di 1one. Four grou wer re-

quired :ror thee rim nt 1 condition, an-don :tor contro1. 

Although the 1xth gitoup not re ired, it too as given 

the control 1 e s, but the e Ult of' this group were not 

e f'unction of' th ixth group to pe t the 

nee e cross 1ng of' ro , t 0 d y :ror te ching, 

gen rel nci of roe control p. he 

rcnr ex ri 1gn . re omly by coin 

1 ., to th - t 0 0 • • two 

to .D. h t 1 d on re le, larl.y 

a ch t ch r 8 llot , ODJ 

to nt R. . , other ~ob ht by 

T t R.D. Ollr Cl only u l tort 
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t o a:f'ternoono on which the exper nt to b c anductea -

the science roan, the art room . and two large classi-ooms. 

'l'he oxper 1m nt 1 groups drew the science ana ert rooms, the 

control group the classr ooms . It a s decided to equate 

physical eond1 t i ons i n the ex 1ment by conducting t he less­

ons eo that the experimental groups had o' e o:r their two 

1 s ens (either first or cond) 1n each of the rooms • Thns, 

roo and t i e of day re lao s s i g d b y random, using a 

coin. Th general b lancing ttern is h Olm 1n the tabl 

elow. 

T OR THE EXPERI 

acher One Teacher Two Teacher Three 

I Day 
' 

Group r i-eat- oom Tim I Tre t-'Room Time Treat-iRO T~ 
ment 1 ent ! ment I 

I 

1 1 R.E. X 1 I 

2 .n. X 2 

3 R. • y 2 

4 R.D. y 1 

5 C p 1 

2 1 • • y 2 

2 . D. y 1 

.3 R. • 1 

4 .D. 2 

I s I C 2 

~-t J 



to%' the te che , the ~er t::4 t chillg the 1 ODS was 

crossed to bale.nee unaaapectec!I 1.nf'luence ot atr. 1n, prf4er­

ence or 1nit1a1 nenousneas at the beginning of' the l.es ona. 

Rather than use pup11s a their 01fJl control.a and confounding 

the tre t nta, the two teachers were t 1ned to teach e ch 

strategy. orthen (1 ~8-) adopted this praet1c 1n his study. 

'l'he n 1 ranclo 1ng ocedure e rel ted to th 

pupils' ela ero 1t1ons. 'l'he experi en l ro • ~ 

s1 1lar 1z , lighting and ti tion, _,... quipped Yi th 

e11Dilar t'um1 tUP • rra to e t group of' a1x to 1.ght 

ch1lc!ren to it together. T etteet ~ tabllabec! pupil-

pupil relat1cneh1p re unknown, could e TaJ7ing 

et':fects. 'l'heref'ore cards were p rea (5 inch x 3 inch•• 

f olded to stand on the desks) on which were printed 1n bold, 

black 1 tter cme and a ha~ inches t 11, the Christian n 

and the 1n1 ti l of' the 1ll"mlme of' ch child 1n the tul!y. 

der th :told, 1n 11 p cilled lettering, · coded 

ymbo f'o the c 11 (e.g. R/B1 relat1o lb , group ) , 

and f'~ the pupil (e.g. 25 .5 = ty-:t1f'tb. 07 t 

F I ool roll t 5) • The a-GL\.W\,UUJ.1' 

ctiatri_,1,. ..... to e i 1t1o · b or, the ch1.LU.IL:-.::u.i. 

h roo Girl 

t ol), ana. a ta aa 

p C 1n 

1 

• 

In • then. ra1aac,m1.aa cedur • re , pt 

1n p11 to up to c aitio 

:J£ Inf ct, t 0 t1on de th 11 t ec s ry. 
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to groupo and conditions, gl'Oups to classrooms and periods of 

the day. The initial order of tcncr~ng the lessons was also 

randomised. For lescons following the initial one, those fac­

tors w1ich co" ld be interchanged (order, room, !)er1ode) were 

interch!'need. nor1cvcr, oenting pooi ti'Jnc v:ere held conotant 

1.'or the lessons, te"chers taught the rome grou:pa throughout, and 

the on.me arrnngerncnt of furniture in each room was maintained. 

T}IF G17fD-":R_.\ T FF T1 RF S OF T!~ f.:'MTDY . 

Cronbach (1966) ha.a emph.P..eised the need for more comp­

lex exper1mento, and : iegel (1967), in oirnilar vein, hnr, pre­

sented o cogent case for analysis of variance studies which 

investigate more vnrinbles than arc included in those typ1ca 1 ly 

reported. ~his investiga tion ic focussed on interacti ons between 

variables which r rc believed to be im~o rtant in teaching situa­

tions. rrthe major indepement vari ables were three COf'11t1ve 

styles (de~criptive, int'erontinl-cAtogorical and relational); 

two teaching otrntegies (rule-explained and rule-derived); two 

teachers; and the sex of ,..,upiln. The e:N'ecte o'f two fUrther 

independent variables (objectiveo nnd occasions) were examined 

by ueing four different science-content poet-tests. The test 

items sampled "objectives" at two levels (knowledge-understan­

ding, and appl1cet1on-trensfer), on two occaeionn (the day after 

the final lesson , and fourteen deye later). All tests were 

given et the same time, and under the same conditions tor all 

subjects. 

The basic experiment, then, resembled a 2 x 3 x 2 ~ac-
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torial design, with method, cqtnitive style and sex being the 

three factors. F or control purposes, on additional factor, 

"teachers'' , woe included 1n the design, while the 'factors 

"objectives'' and 11 occasions" were introduced to all multiple 

dependent measures to be used in the experiment. 

Scores from "different pupils" were obtained for each 

level of teachers, method, cognitive style and sex. Scores 

from "same pupils" were obtained for each level of objectives 

and occasions. ~'ollowing Lewis (1J68) and liner (1962), "pupils" 

were then regarded as a supplementary factor, one which vras nes­

ted within teachers, metood , cognitive style and sex, and yet 

at the same time was crossed by objectives nnd occaeiona. Such 

a design c an be classified ao a seven-way experiment, conta ining 

a double crossing of a nested factor. The neoted factor ''pupils'' 

wae regarded as a rand an effect, while te&chers, method, cog-

n1 t1ve style, objectives and occasions were taken to be fixed 

effects. ( 3ee Appendix tor further details of the design, tor 

choice of error term, and tor general models) . 

The control group was considered apart from the basic 

analyeiP- of variance design. Because the control group shared 

some otttie•pc,et-measuree, but not all , it waa improcticable to 

enter caitrol gl'OUp results into on all'eady complex design. 

However, the functions or the control group, ampllf'ie~ earlier, 

indicate why it we.a not intended to enter this group into the 

amlyeis or vario.nce. Further explication of data processing 

and atat1at1oal :reaturee appears 1n later sections ~ thia 

chapter. 
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IND§PJIIDENT VARIABLES. 

cos;n1t17e stgle aru;t su. 
The cognitive style nriable baa been comsidered 1n 

some detail 1n Chapters II and V, and the manipulation by 

stl"l!ltU'ied randcnn eampllng described. The t'undamental cell 

entry waa t1ve for each conceptual mode and each sex, giving 

ten entl'ies across cells tor treatment by style contraat.a. 

Claes group size 1a thirty, treatment groupa eize 1e sixty. 

'!'he aize ot the m1n1N1. C(8111 t1Te style cell coo1d not be 

increase4 turther w1tb:>ut making claaa groo.p alze too l.arge 

tor observation required to test the independence ot the 

treatments. uni-ortunately, the possibi lity that the restric­

tion on cell numbers could act to 41min1ah the statistical 

e1.gn11"1cance ot any f indings bad to be accepted aa a concomitant. 

irnatment PAA Teachem • 
The treatments have been ~1.ned, and their criteria 

delineated 1n earlier parts ot this report (pp.76-79). It 1a 

now necessary to report tbe means by whl.ch the teacbere were 

trained to apply each tNatment, and to dea1n-ibe the tech­

nlquea empleyed to evaluate the independence at iJach t~tment. 

Ten second-year atudent teachers, whose academic atua¥ 

in the Teache1'8 Col.lege was science, were aeiected by melibera 

ot the science del)8rtmlmt. The criteri.a tor ael.ect1on ~e 

that tbe,- showed superior ability 1n their acience etud1es, 

and had demonatrated abon anrage canpetence in practice 

teaeb1:og. Student teachere were ee1ected 1"or the experiments 1 



teaching because ot' the anticipated sens1 t1v1 ty to close 

obcervat1on, method reversion tendencies ~ differential 

experience of' primBPY school teachera al.Nady estab lished 1n 

the prot'esaion. ~ the ten students, t'our (one man and three 

women), who sh01red themselTee to be confident, of similar 

intellectual ability (baaed on AL/AQ scores), of similar age, 

and s1mj 1ar teaching skill (based on College supervisors' 

ratings), were selected. to be the teachers, while the remain­

ing eix were to be the obeerTere. 

The nomination~ which students 1JeJ-O to t'tllt'il which 

or the roles, teacher or obee!"V'er, was made aner the group 

had worke<1 w1 th the wr1 ter over a period ~ four weeks. The 

total training programme extended over ten weeks , the meetings 

and d1acuas1ons, practice teach1Jlg and observations, aTeragiflg 

more tban t'ive hoars a week, giving a total 1n exceaa o~ fit'ty 
' bou:re. Tho trai n1ng programme, supplementary details ~ which 

are 1n the .Appendix, included lectures, dieClJBaion and na41ng 

related to: 

(a) a study ot' leai-nmg theory and the relationship or this 

to emerging theories ot' 1natruct1on, 

(b) an examination or taalt analye1a and statements ot objec­

t1Tea toll owing oep 'a mode ls, 

(c) a deta11e4 atud7 o:t the conceptual basis of the science 

content - stability, its ccncepts and attributes, am 

mjar p~1nc1plee, 

(a) a atutlJ' ot' cognitive styles, perticular-ly the Kagan 

ccnatruct~ and some of the instruments uaed to 4et-1ne 

the. aJ¥1 



(e) the development of e teaching paradigm to act as a 

synthesis or the t'oregoing. 

The paradigm thus developed was then applied to the 

experiment a 1 tasks 1n t'ormu.la t 1ng: 

(a) objectives for Form I children displaying characteristics 

believed typical of' the experimental population in regard 

to prior learning, attitude to cience, acade 1c 

chieve nt, and range of ab 111 tie ; 

(b) t ek analysis, sequenc and appropriate t'o (enactiv , 

iconic, ymbolic - see Waterhouse, 1968) of preeentat1on 

o:£ conceptual learning on the tOJ.)ic of stab111 ty; 

(c) teacher :ftmctions in the t o treatments, R .E. and R.D.; 

and 

(a) generally detailed plans of the lessons. 

The treatment criteria already outlined 1n Chapter V 

were bail t up and amplified, w1 th the student group, so that 

both teacher end observers were thoroughly t'ami liar w1 th 

them. Apparatus and equipment was made, collected, af\d dup­

licated, so that there were sufficient identical materials 

available for eacp. tree. ent. Practice teaching waa ranged 

with two rondo ea le or Form I Inte diate school° children 

f'rom a non-experi ental s.ehool, and with four group or enior 

primary pupils at a country mod l chool. In tht -,, pro-

Yiaion n ~ t'or ach t eher to teach ch beet ent, 

for e e of the te ts and te t · 1 ems to be tried out. ch 

practic te chlng e ion wa f'oll ed by an aluation and 

disc ion period, ai ,1ng at refining th treat nts and 
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inePeaeing their independence. By the time the expert nt 

waa to be conthicted, all student weN co letely au :ra1t with 

th Mquire enta. 

One 11 · 1 tation was 1mpose<1. No student teacher or 

ob erver was ~ormed about, or had cce a to intorma t ion 

bout th cognitive style or intellectual ability ~ any indi­

vidual pupil. They knew only that the exper1 ental and control 

groups had a certain general eomposi t1on. and that they coal.cl 

ant1c1pnte c rtain prior 1 rning and poa1tive attitudes to­

wards the leuu .. -.u.u,, 1.e. 1nt'--•1on r.e1e nt to good instruction. 

To enau that t were tho e int nd d, two 

ob rvers r 1ned in each c roo for the lessons, one re-

cording teachr stat ents, the other P"U,Pil r sponse. c om­

bined, these gave ~11 tr nscript to check against pobtable 

Phillipa ea ette tape-recordings de of each lesson. The 

I: s sona were e-quat in ti - ch ls ting f11'ty inute -

wt th a total ti for each group of on hundred inutes. T 

t e.nnlysi and pr1oi- plann1ng ured that each tre t ent 

d lt with the content, ltho h 1n dU:rerent aequencea 

and at tegtes. ach ot the expert ental teacher t ught two 

1 sons on ch o:r the two tt oone 4ur1ng which exper-

nt was run. 

instructional 

top t p 

e4 tot 

na 

a tw nty-

o allow -ror re-or1en ti to nge of 

t . • to 1 pertoa o:r relat1Ye laxati.on, 

t , qui rial to e c ckl and 

cl , and to 11 t1 :ror pupil 

in their rand Ol'<ler, 

7• Th first 1 so .ach :tt mo 



aecom at 2.10 p.m. 

Because the groups were random samples, some ch1l<!Peti 

came rrom each Form I classroom tor each or the lessons. To 

avoid confusion over lesson times and rooms, each member of 

the school staff having pup11e taking part 1n the lessons was 

given a t yped list, showing pupils' names, room numbers and 

times for the lessons. To be doubl.y sure, each pupil engaged 

in the experiment wo.e also given an individual slip, on each 

day, telling where to go and when to attend. This method was 

valuable in helping to identify any absentees. On the morning 

ot the f'irst day• e experimental teaching, 1 t was found that 

six children were absent. Replacements were ass igned at 

random from the appropriate cells in group six, the vacancies 

1n this group being filled tran the reserve pool. By good 

fortune, the only absentees on the second day were ~om group 

six. Thus, tor the duration of the experiment, the experimental 

groups and the control group remained intact. The writer 

Tis 1 ted each of' the rooms, 1f'hich were in close prox1m1 ty, near 

the beg 1nntng and end ot each lesson, staying the aame time in 

each room and altemat1ng hia order ~ visit~. No d1fficul.­

t1ea were apparent, the leasona appearing to~ aa planned 

and rehearsed. 

Object1Yeg an4 Occa11ona. 
Objectives occup:, a somewhat ~d~xical poaition 1n 

methods research, a paradox ev1n.ced by f'requent QDOJl1DlOU8 

use ot the tenaa goals and outcomee, objectives and products. 



one of' the teaching models published 1n various journala and 

texts (e.g. de Cecco, 1968; Verduin, 1967) plac-e objectives 

1n other than antecedent po 1t1on in directing teaching 

trateg1es. The primacy of objectives is not only 1n direc­

ting the manoeuvr and tactic employed within any teaching 

strategy, but is lso 1n guiding the selection or appPOpriate 

ethods. Implicit in the two instructional spr,roaches 

ployed 1n th1 stucly, a the r v1 ar the literature 

suggest , are dlff'erent ob~ecti a. Pt:lrthermore, 1n the 

luation proc a, cr1t 1a by hich judg ents aboat 

pupil l)erto nee a made, are two groupings of objective , 

both specif'ie behaTioural objectives d broad r curriculum 

objectives. Fr performance, learn1.ng and achi Tement of 

objectives are subs quently inf rred (GagnE!, 196!1>). The 

tendency in much of the reported research is to regard pupil 

performance, and tlms "the objectives" dep ndent. In on 

en it might b said that obj ct1vea are both independent 

and dependent. H~~-r, it e legitimate when conc!uctmg 

methods research st ud1es, to gard t t t nt and the 

j ctives directing the t t inde nd nt, nd to can-

14 perto nc 

There t be, 1 see axle tic, an int raction 

bet een ob~ect1v and strategic , bet en po.p11a and obj 

tivea. Education a p 1n a ti dUlE,nsion, pe tting 

1ntric t nd n1:f U1 tr1x or in ct1 • Car1..:-u.11 

(in Krtimbolt • 1965) define thr or the w.riable !n hia 

el :tor ch l 1 ming in t r or t 1 e ( 1. • pt1tudi , 

pera---l... nc1 op rtunity to 1earn). ject1v 1n 



thia tudy e measured in performances af'ter a relatively 

hort time pan. How ver, they are measured on two occasions 

1n the belid that school learning 1s "over the lang haul". 

'l"lms, objectives and occasions are built into the statistical 

design. The time dimension, of cour-se, brings with it the 

e surement robleme related to changes 1n scores, relinb111ty 

practice and regres ion effects. Cronbaeh (1966) baa clai 

a need for longer term studie 1n classrooms, but, while he 

1 no doubt justified 1n m kin the claim, such tudies uld 

require n entirely d1Nerent re earch st tea fpc,m thla one. 

The broad objectives of the experimental unit ar et 

at two levels, a 1nd1cat d by the selected exemplar below: 

.::;;.::;;:;;;;;;;.i~l::..e:;.,,.;,.1 - knowledge and understanding. 
The children will demon trate their understanding 
of' the concept end principles of stability by the 
.f'ollow1ng performane : 

Identify objects which are stable. 
Recognise am state the attributes of' sueh 

object • 
Discriminate bet een examples and non-exampl • 
Suggest here the centre of gi-avity is located 

in various ci>jecta. 
emonstrate the ttect of tilting an object until 
it centre ~ gravity falls out ide the base •••• 

The e behe.Viours wil.l be demonstrated orally. through 
1pul.at1on, and, e peci lly, through the lection 

and construction of' correct and appropriate era 
1n per and pencil te ta. 

of objective 

th are u to 

ye4 jecte 

balancing 

and st bil.1 ty. 
hanging obj c ore ble •••• 

given 1n the p ndix~ whe 

conten nl1d1ty ~ 



FJIRTHER EXffl.RI ~ L CONTROLS. 

Some degree o:r control was exerted over the prior 

learning of the subjects. The school's science teaching 

99. 

t had aueea to teach, for the 'fol"tnight immediately 

preceding the experi ental unit, tJnit 4 ~ the For I to IV 

Science Curricul'ma, Forge and Energy. The Departmental 

Science Guid were ~ollowe4, teat 1te were prepared aJld 

d1 cussed with the teachers, who were thus f'lally' awe.re of the 

luat1ve criteria to be 

un1t. The :rive e ib ddecl it 

107 at the encl of" the gravity 

w re not• howevei-, ahown to 

th achool's cience teacher , le t they 1na4vertently taught 

th specific content o:r t e 1 t • 
It was aasumed that the ranclomi at ion procedures 

adopted in assigning subjects to groups woul.d ~e controlled 

( COuigan, 1960, pp.107-120) for a number of extl"t!llleOus 

vu-1 bles, 1ncludt.ng general ability, reading ability, lev 1 

ar mot1 tion, socio conom1c ta 

HOIJe r,, as a :t'Urth check, me sure 

• and gener l attainment. 

ot1vat1on 

w re con tru.c-ted and aaministered. Their coree, together 

with Ot1 Int re lting fro teat 

C.,."411:w.uist 1 d by the first as lstant or the school ome nine 

t e.cord d,. to be u 

on-trol hould te s sh 

1n et 

e.ry. It 

. ll.y 

aleo 

ch or aai:~!Jc:l th t 

eri ntal OU , thus be b 

elt. Cont • tim , pby 1oal eond1-

nd ld co tant. he t cher -ror all 

w teh , bu tor he es:per1 t 1 c d'.1 t1ona 

LI B t V 

MASSEY UNIVE SIT ' 
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w le, the oth temle. The techniques employed were 

tmse c1aa~i:N.ed by ~cGuigan (ibid., 1960) as balancing, 

maintaining constancy ot conditions, randomising am equating. 

Elimination and cotmter-balancing were not employed, because 

of practical dir ficulti es and possible confounding of the 

treatments. 

Obviously it is imposs ible to control a l l conditions 

1n near natul'Blistic settings, and the assumption that subjects 

will regard the situation as not too dis imilar fro nor 1 

eon it1ona underlies t whole experim ta1 enterprise 1n 

ctucat1on. servations of the children i-eTe led nel"al ign.s 

ot high interest, co-operation and involve nt in all condit­

ions. Novelty factors may have contribut d to this state ~ 

atfairs. 

The dependent r1 tbl.es e pupil peiw.tormsnce on each 

ot th four post-tests, de cnbed in the chapter on exper1men-

tal 1 t nts. The it 1n t test re conceptually 

t r than tactually or1.ent d, 1n ke 1ng with th oli 

r hp rspect1 • it dded 1n t et ~eced1ng 

t ex~r1 nt w re d s entry level, 

lat :r, With r l't rre 1ncl ed 

ill the t tat initi l 1 n the rete tion te t. In 

er to 1nta1n 111ty etween them s t 11 te t 

core · COIN rt d in o C el unit • 
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""he C-scale has many of the advantages ot the T­
acale. It retera obtained acor(o to a common scale 
that is related to the norm.el distribution. If the 
p0pulat1on distribution on a measured trait is normal, 
then the distribution of C-acores properly represents 
that population, and the unite of measurement may be 
regarded as equal. It lacks the refinement of a small 
unit such as that provided by the T- scnle. 0n the 
other band, it probably more nearly represents the 
accuracy of discriminc t ion actually mode by r.ienns ot 
tests •••• " (Guilford, 1950, p.305). 

As the range of scores on all four post-tests approximated 

fifteen raw score units, and the distributions were not, by 

inspection, different t'ram a normal pattern , the eleven-point 

scale represented little loss in precision. 

It was also intended to use attitude scale data from 

pre- end poat-testa to evalunte motivational changes under 

each trea t ment, but with only one hundred mirnites of teaching 

directed towards the achievement of cognitive objectives, it 

was realised that little change could be anticipated. The 

stability coo~~icients (0.789 and 0.910) between the two 

adminietrat ions (fortnight 1nte~:ol, n o 120) provide 3ust1-

:f"icat1on for t he position taken. The scores fran these 

measures, corrected for extreme response set, were also 

converted into c-scale unite 1n preparation for regression 

analyaie and multiple correlations, 1n order to determine 

whether or not attitudes to academ1o achievement and science 

contributed su:N'icient variance for them to be employed as 

coT81"1e.tes 1n an analysis ot' covarisnce. 

DATA PROCFSsrno. 

All. scores on tb8 <le ndent m.eaeurea were converte4 

into c-acale unite. This permitted assumptions about 
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nonnll ty to be t • and increased the likelihood thn t the 

a aumptions ot homogeneity would be met before analysis ot 

variance computations were begun. A number of studies (see 

Mc0uigan:60pp.285-286) have shown that ana1ys1s o:r variance is 

a particularly robust statistical procedure, standing up to 

all but gross violations of the homogeneity assumption. It 

will be recalled, also, that the cognitive s tyle scores for 

ch eex had been converted mto stanine uni ts, thus no 1-

1e1ng the distribution and permitting canparisons. T high 

acorers in each mode (st.an1n 7 plus) er the population 

ht whom the sample drawn. Tbus, for a11 the m 

ret'erre-d to, f'requency distributions were drawn up, ans and 

standard deviations were calculated, and normalisation by 

tz-anat"ormation into stanine and C-scales completed. Details 

of the instruments, construction, item analysis information, 

11abil1t and validity 4 ta are eported laewhere. .All 

rk1ng a done by the writer, two check on the consisteney 

o~ marking b ins mad with other raters. one pupil !'rem the 

experi ntal grou a ab ent for th po t-test , na she 

4 cor d the e ( tanine 5, c- cale 5) on pre-teat 

sure • the mean of po t-t t co s entered the 

t diction of her c re • (Tr ~ rs. 1969. pp.357-358). 

The 8118lys 1a o£ r1anc od 1 1s ba d on aammipt 1ons 

a out th dditi ity o£ cont ibutary _1anc- • nd t as 

ti th add1 t 1 e n ture o-r · 1at1 ons a , 1n urn• 

.,..,..P\A.,...,.ent on otbor s t1on • include the - tual 

inael)Cllae tion within set (r d 11n ) and 

1 ty no all ty o-r d1-str1but 1 1'1 thin 
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aet (Guil:ford, 1950, pp. 257-258). The assumptions concerning 

tual 1n4ependence o-r ob ervatiais within sets, and the norm-

lity of distributions 1th1n ets, ere judged to have been 

eat1af1ed by the exper1 ntal procedures used. Kerlinger 

(1966), 1n evaluating the factorial designs with three or more 

var! bles, points out the disadvantages 1n complex! ty, and the 

con quent d1f'ficulty of interpreting multiple interactions. 

'rhi study, however , 1 concerned 1th interaction rather than 

with 11n 1ty. 

"In the opinion of' so e educational thinkers, the 
tudy of interactions in e eat1onal rea,uu_.,ch 1 

b coming 1ncre singly import t and hould become 
central t]reoccup tion o-f ducational r e&l"Ch 

orkers" . {Kerl1nger . 1966, p . 228). 

-~ly is of variance al o permits the control of ome variables 

(e.g. teachers) to be built into the statistical ~es1gn, hence 

11 1ng their 1nf1uence to be gauged and compared. It eeemed 

to ~e writer that analye1e o~ Tariance, then, consonant 

w1 th the research enterprise, and th t there w a no logical 

incompat bility betw en the statistical processing and the 

imental atrat gies. The particul f'orm of tatistical 

sign u d (i.e. with cros d and b lanced c t or , and ne ted 

i-actors) 1 ~usti:t'i d ano exem 11ft by L 

ll ever• t tr are cert 1n co e ue 

(1968). 

which follo 

t proc the 

ot 

mnc:mg t 

ti ical del t 

It b en r a t logic' of 

rior ty to j ective , nd o 

ind ndent riable • on 

, t ct1 on o£ ~e1~!!.!1~t lY no iingeeh t 
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ec der1 d -rr- the ependent a ure , re ed the 

chance ·~ 1n1ng 1gn1f1cant 1n effect f or ob~etivea,. 

while still permittins the possible 1nteract1one to be shown. 

The core of the investigation the interaction between 

different levels of objective and of treatments and cogn1-

t1Te styles, 1n oducing diff'erent achie ements 1n cience. 

At the same time., the procedure u ed reduced the chances or 
this occurring thrt>u,gh puriOll.8 effect likely to be mani­

:teet by combining the scores fro the four cienc tests, 

with their dif'f' ing le els ot d1tt1culty. Another y Of 

conceptualising the design d h ve been to re rd the :tour 

cienee tests sub-tests of the one measure o:t science 

attainment, stnbl1ahing a c on cale, nd using this s the 

dependent vari ble. In this y, i n effects :tor objectives 

would have been 1llum1nated, and no doubt the reliability of 

the overall measure, being :rour times longer than any of the 

aub-te ts, gre t l.y incr ed in comp 1son w1. th the science 

content tests. 

Be-cau gener 1 ability, def i ned by ot1a scores, 

contributed ked r1a.nce to the post-t at (r' 0.433 to 

0.54-0), a bad n r-eero ear-relations with the cogn1t1v 

(-o. 1 to +0. 148 tor girls, -0.135 to 

+0.095 r boys, 60 1n each c ) , 1t • cons1am:'ea 

ppropri e rga1crw.t,1,C,1 P ly an l 

tat1at1c to the poet-te t I • .• 

t1p1 c relatio with the 4 

of l"ianc .., 

l'iate. 

meiaatareta• previous 

c1e e th two 

r1 b t 

le• nd I.Q. a the 

n I.B •• 1130 to gt a check 



on whether or not a mul.t1ple eovariat was required (Lindquist, 

1953, p.336). However, with tanc!ard errors of the It's 

ranging :tran o.06 to 0.07, and the multiple correlations be-

t en the two extremes 0.399 and 0.623, it ppeare4 that 

little, 11: mcything, would be gained 1n precision by using 

additional co riates. The assumption of independence of the 

covariate ~rom the major variables, 1n particular cognitive 

style, was considered met on the basis of the ta above. The 

re 1ning ass tion, h ogenei ty of regression, tested 

(Edwards, 1969, p.338) and sustained by the non- 1gn1:t1cant 

F ratios. (F's, 0.597 - 1 . 251, d.f' . 23/72). 

The anal.ysi o-r. eovarianc used takes each aet o:r 

scores on the four post-tests s arately, and examines the 

four major in:!ependent vari ables of teachers {an experimental 

check), cognitive style, sex and treatments, with increa ed 

prec1 ion - the riance. due to I .q . being removed. In thia 

procedure, the n t d- actor error term explicated by 1 

(1968) is not needed. 

1e the stati tics used are considered rigorous and 

robust , there u t1onally if'ficult proble invol ed. 

A lyai ot riance thod 1th1n-grou r1 

the error N, but te tic r nee r lti 

p rtioul r c ct 1 t1c not specif! d in the e 1 n 1 then 

lso 1ncludec2 in the non- atic error ther-

ore. the g ne1ty ar riane on 

1n(1 nd 1nble, while t"itt1ng 1n 1th entry b viour 

14e , doe not o1nc1d 1th the po n1b1llty that ett 1v 

teaching y crea e within- :p r1 b11ity g1Y 
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achievements. 

The biological research model with its associated 

statistical procedures may be restricting in that increased 

precision tends to be linked with decreased generality in 

applying findings. (Sax, 1968). Thus, the very restrictions 

and controls in the study may imp ose further limitations on 

the investigation here reported. The two ma~or analyses 

were calcuiated, following the preparation of tables (Moroney, 

1956; Lewis, 1968) on F~cit and Monromatic electric desk cal­

culators . Analyses were also processed by I.B.M. electronic 

computers, the data being recoded suitably. The analysis of 

variance :run was based on eel 1 means rather than ~.ndi vidual 

cases. The analyses of covariance were four one-way compu­

tations. These provided a cross check with the manual 

calculations. 

The control check on treatments and teachers was 

undertaken through the coded scores derived :from Amidon­

Flanders interaction analysis. Two observers had recorded 

separately the teacher statements and pupil responses, these 

observations being combined later into a transcript of tl:e 

lessons, and used to assist the group of students listening 

to the tape-recordings of the lessons. Three five-minute 

samplings from each of the eight lessons taped were used as 

the samples. The tape for one lesson was inaudible , and for 

another was of shorter duration than the remainder. The 

samples, because the counters on the recorders did not cali­

brate exactly, were close approximations to five minutes each, 

with about one hundred three- second codings pers sample being 
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made. Because the ceesette tape permitted only thirty 

inutes playug time, the first thirt;v m1nu'te or the 

first four lessons, and the final thirty minute of' the 

second foll7 lessaie we recorded, the 1'1 -minute samples 

being altemate five minutes throughout. Por the former, 

the samples began with the first t"ive minutes, for the 

latter with the second five inutes. 

Five tudent teacher , trained by a Teacher 

Colleg staff' me er ho had studied the Amidon-F land n 

yst in the Uni tea s tate , coded the 1 sons aft r re­

p ated playing , until there was one hundred t)ereent 

agree ent on the codin • Nine of' the ten tegor1e ere 

followed precisely :rt-om the manual, the tenth being modif1 

to eode practice, problem-solving and manipulation ot app,.­

ratus 1n grcnps. Combined matrices tor each teacher, and 

t each tr atment, re drawn up , d total score in each 

category con erted into percen gee. Tests for e1gn1f1cance 

o:f' differences ere then carried out. ( rrett, 1958, p.235). 

Example ot the matrice , !¥>wing typical mo es in th 

teaching str tegiee. a 

g1 ven in the pp dix. 

ll a tot l and pereentag t er 
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CHAPrER VII 

THE INSTRUMENTS 

Apart from the Otis, no appropriate standardised 

tests were available, and consequently all tests, including 

the cognitive style measures, had to be constructed f'or the 

purposes of this study. Sample items from the Conceptual 

Styles Test, as available in several publications (Kagan et 

al., 1963,1964; Gordon, 1966), provided a starting point in 

the cognitive style area . 

In all, ten measures were constructed, two of' these 

being administered as one test. The teats were: 

Two Cognitive Style measures: Triad One and Triad Two. 

A Pre-test measure: Force , Work and Energy - the 
five Embedded Items. 

An Attitude Scale (Pupil Opinion survey), which was 
made up of two measures: 
(a) Academic Achievement Motivation, and 
(b) Interest in Science. 

A Test of Initial Learning: Science Teet - Part Ii A. 

An Application-Transfer teat: Science Test -
Part II; A. 

A Retention test: Science Test - Part I; B. 

A Delayed Application-Transfer test: Science Test -
Part II; B. 

A Control Group measure: Simple Machines. 

Samples of all tests, instructions and other data, appear 1n 

the Append ix. 
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COGNITIVE STYLE ?KEASURRS. 

Triad One. 
Forty-two items (triadic groups ~ st1mllua pict-ures}, 

ar which eleven were published saaplea ot the original Kagan 

test, were sketched, photocopied, cycloaty1ed, and stapled 

into booklets. Instructions and answer sheets were also pre­

pared tor trial. At en Intermediate School s1JD1lar to the 

experimental school, two parallel-streui Form I classes weN 

selectec.1 tor the trial run. S-c,oring criteria were refilled as 

a result ot the eXperience 1n mrking the reasons given by 

sffenty-six ch11dren (Otis I.Q. range 85-136, age range 126-

157 months, thirty-nine girls, thirty-seven boys) 1n the 

preliminary testings. Two students, who were also engaged. 

1n individual studies of cognitive style, check-marked thirty­

t'our scripts, and with discrepancies on only six out of the 

one thousand t'our hundred and twenty-eight 1 tems, the marking 

was c onsidered quite adequate. 

All 1 tems were then analysad three times, once t'or 

each or the three cognitive style categories, using upper an4 

lower 271, graipinga and Flanagan's tables (Garrett. 1958, 

pp.365-368). Consequently• four discrimination indices were 

estimated :ror each item~ three for t he three cognitive styles, 

am an ovem11 ave.rage discrimination index. It ae decided 

to use a cut-off level ot' +35 tor average item d1scr1m1natian, 

and .25 ror any particular mode. ot the fort)'-two items, 

twenty-t'1ve were retained• ten ot the original Kagan 1 tens, 

and tourtean ne,r.ly conetruated cnee. Two Ot' the 1 tema 
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Ntained did mt eet all <:r1teria. ane. Kagan it • had 

an overall discrimination or .'57, a di cr1.minat1on for de -

cr1ptive mode o'!! .63, ror rel.ationa1 de of .78, but f iled 

to attract respollSes 1n the categorical mode. The other had 

an overall discrimination ~ .44, descriptive .37, relational 

.n, and categorical .23 . The average discri imtion of the 

twenty-riv it i!lg up the :f'1nal test .56, range 

.23 to .88 • 

.'bile discrimination 1nd1ce-e f11'e 1.ru11cat1on of' it 

lidity ther than t t lidity, it w hoped that the 

nmrly constructed ite wouJ.4 display d cr1 1nat1on tnaices 

o~ a s1m1 lar pattern to th e of the establi h d Kagan 1 tems. 

In :ract, the twenty-five 1te elected for th test :tell 

within the range of average di~minationa .37 to .76, the 

two limiting indices being th e of the Kagan items. As 

another clue to test Talldity, it was lso hoped that ~-

different re pattern , imilar to th p d in t 

Kagan studi , would be evid t. Th1 quite appirent 1n 

the score • For example, 

rnw co ) owed the patt 

e.r.i~nt!te h,.'t'lr-~ relatlo 1 

4 standaz-d dertationa (in 

anti.ct t d• with s1gn1.t'1.cant 

(t 3.755~ d.f 74. p = 
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Two at the students assisting with the scoring were 

engaged 1n a statistics project under the guidance ar two 

senior med>ers 01' the mathematics department or the Teachers 

College, and had adminiet~ the trial instrument to thirty 

Standard 4 and thirty-six Standard 3 children reSl)ectivel.y. 

The split-half' reliability quotients tor the descriptive mocSe 

•ere, 1n order, . ~ and . 91 (a11 calcuJ.ations ba't'i~ been 

checked by the students' super"Yisora). It appeared likely, 

then, that an adequate instrument could be constructed :tram 

the retained 1tems. 

The black and white line drawings were deliberately 

kept ae close 1n style to the Kagan items as the writer could 

manage, i . e . not too precise or exactly representaticnal.. 

The retained items were coded 1 - 25, and, with a table of 

random numbers, arranged 1n :final order ( two 1 tema to a page) , 

and stapled into booklet t"orm, with the instructions making 

the front sheet. As a result o:f obeol"98tio.n or eome errors 

1n pupils' recording or pa1r1nga <Suring the trial testing, 

the items were numbered consecutively. Howffer, the etimul.ua 

:t'lgurea were lettered, not a b c rel)eated throughout :for each 

item, but in the :following tashicm: 1 ab c; 2 4 e :t; 

3 ab c; 4 d e r; etc. , which ia the •tbod adopt.ec! in tba 

S.T.E.P. battery. 

format hom that uaed 1n the trial testing. The re1:1ned teat 

was adm1n,e+.ei-ed to yet another group or children, randolll¥ 

selected :rran the Form I claesea at a third Intermediate 

School, 1n order to enaure that the 1.n.atructiona, boaklet 

tom and answer sheet wezlo aaequate. Aa Cllly thirty children 
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(ritt boys and :f"itte g1r1s) weN 1n the group, tattstical 

da't wei-e not analysed rigorou ly. It not , neverthel sa, 

that the PeSPon&e pgtt m across ty1es and sexes apprcxim.ated 

that :round 1th the trial test and that reported by Kagan. 

'rhe pattern, 1n median scores, s: for boYB, de:acriptt e 

7, categorical 4 and relational 3; and for girls descr1pt1v, 

4, cat gorical 5 and relational 5. 

Rel.1@b 113:tz • 
The r 1ned torm o:r the twenty..fiV 1 t t t waa 

1niatered to 11 eh11dren 1n th ten F I C the 

exp rimental school late in the second te , aom six weeks 

betore the exper1 ntel tudy s to be conducted. This all­

owed suff'icient time for a te t-retes't study ~ the respo es 

~ random sample or Fo I chil~ren, lf1 th tour-week inter­

ftl,, two of the wee being chool va t1on. Thi interval 

e dee1 ble 1n der to counteract any ects of t at 

n elty, and to 1.nh1bit pupils ~ re eri their origillal 

te nt of rea ons. .1th the id of tabl of random -

b (Cochren cox, 1957), thirty boy nd thirty girls 

w r ect d ero all c nd th t t -

d. A 

t 

r1 ble 

the at 111 y- ot 

Carroll' 

Uity co ft'1c1ent co 1n~.-.n 

gni J: yJ.e construct wa 

, na be"'ciu.'°,_. or 

bout th :p fac"tor 

tor ory of te ch1ng. 
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shown below. The 1n each ease 1 t enty..nine; two children 

( one boy and one girl) were absent for the re-test. 

TABLE V: 

D acr1pt1ve Categorical Relational 

Boys .839 .753 .857 

1rl .863 .778 .935 

Valld1$7· 

The cogn1t1 e style ~c.u:J,u.,:i ppeared to have good :race 

validity 1n that the ite eonetrueted e plainly of the 

me t'orm as those designed and ueed by Kagan and his assoc­

iates. J,, t'Urther indieatoi- s t'u.rnished by the f et that th 

ite defining the upper and lower limits of' the diacr1minat1on 

rang ere two or the original Kagan items, suggesting that 

it m VBlidity was e tisrt:tctory. · It ha already been implied 

tbet one me sure at construct nl1dity woul.c! be the extent to 

which the te t s arat b 

cr1pt1 e nd r l.at1 1 

tee! a ov 11 d.emc:>n.strnt t 

1n t th1 a e 

t the 

on t do bo • 

In I't'ler to 

1. 

dCTi ti 

and rla, partieula?-ly on the 

e mo dee. he . 1ans or-

tt rn theoretic 1 

.cr1 t1ve 

relat1 1 

e l: ion oft 

1n tegor 

t eoi-e -or 
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tr the ex.per tal school) were calculated on an Olivetti 

Pl'Olftll!tmmer 101 • The between-sex eans were :found to be eig­

nit'icsnt ly dif'f'erent for both deacript1ve and relational 

modes (t-teets, two-ta1le4). 

Tl~BLE VI: F.T ·~r ::§EX 

e0r1pt1ve C te ric 1 Relational 
I 

Boys Girls Ba Girls Boys Girls 
I 

I 

7.483 5.034 8.448 6.966 8.724 12.862 

' s.D. 4.918 3.718 5.494 4.200 6.584 6.390 I 

N 29 29 29 29 29 29 

d.f'. 56 56 56 
t 2.412 1.166 2 .432 

p -c:::::. •02 N. S. <::::. .02 

One t r eugg stiv tr nd upporting the nr 

tor construct lidity was e ident from em J'lltion or 

response sets on the attitude seal s. Difference between 

exes and betw n tyles ere noted 1n the number of extre 

resp e 

223-225) t lJ. 

rett (1958, PP• 

l , pooL d s.n., ands •• were c -

l 
I 

I 
I 

I 

pute4, a%3d t-te t (two-t lled) ran to t th null b:9'PO ai 

d1f'fer ces t tw n bo na girl on 

thin the exe 1 a.ch 

' 8 

r suit. 
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TABLE VII: EfflEME RESPONS;§ SET AND COGNITIVE S'l'YIES 

Descnptive Categorical. Relational 

Bo G1rle , Boye Girls Boys Girls 

a.&a.o 10.920 ~o .ooo 9.160 ·10.16o :12. 

s .n. 6.479 4.636 6.589 15.072 7.565 

N 25 i 25 25 25 25 

i i thin- D :x C D :x C CxR C x R RxD 
I s t 1.199 2.448 , 1.00 3.770 1.266 
' ' 

p • s . < ·02 u.s. < •01 N.S • w.s 
• 

Bet 
Sex t 2 Sl4. <::::: 1.00 1.952 

p c:::::::: • 0 2 .s. < .10(N.S. 

In interpreting the result it is wel l to remember that tor 

the f' our :xper1 ent 1 pa and one control group, the 

ch1ldt-en who provided the new data had been assigned on a 

atrattfied r ndo basis. They er high scorers on the 

a-ii!lea.· SUP , a.nd this would m e increased di:ft'erences be­

tween cognitive etyle grou • Thus, while the null h1Poth 1 

1 not · ta1ned in regard to the bet n-sex diff'erences on 

t e d script 1v 

1n ext 8 he e-a 1pt1T and te-

gorteel. es, t categol.'!c d re ti 1, 

the t not it y cm tgn-

ent, r th t n gener l d1ff • 

llttlJ in th l141t 

1ned .roll 1ng or chil~ t 1ng 

of tbe tt ent first n ch1l t.o 
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:tin1 had scored highly on the relational style; the last 

eight had scored higbl.y on the descriptive sty1e. In the 

latter ca e all ere boys, of whom two had the highest des­

criptive scores in the school.. The seven children comp1et1ng 

the test :t"irst re girls. thlf'ortunstely, it was practically 

impossible to i-ecord more precise ·data across the one .hnndr 

and t snty children 1n the te ti.Dg ituation. Overall, the 

evidence tor 11~1ty appears to be trongly e~metative 

rather than d tinitive. 

'fJ:1 '1'Jt:R• 
Triaa One ditt r ~ Triad o 1n requiring only 

ones lect1on :t"or each gi-onp of stimulus pictures. They are 

similar 1n a king :t"or a pair grouping, for a statement o:t" 

reaeona, 1n having no time restriction, and 1n t 1r non-test 

orientation. It di crimin tion t accompeni s the test 

1n the Ap 1x. The de lop nt and t ting ot 

TPiad Two pal' Uell that Tri d One 1n it cot1Struction, 

trial ot1on and te ting, e.nd 1 t di cr1m1nat1on proce­

clur s • but th r was e point or d rtur • 'I' 1 t ruet 1o 

r<>r Tri d l o, h1 1 f1 tr1 ds, aubj et to 

y d1tte 

pi r- t 

e t t1 1 y 

ch o~ ... cs. 

ea«1ent1 l the 

C · of the t 

on ~o c o 

1r 

or r 

elections. 

C 11'.lg '1.'Mad 

for Oitt'e ent 

ti 11 :, 

, and air 

1n th1 way 
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(a) tbe pow r of any ite to attract one response :teg017 

dominantly baa not been ascertained; 

(b) it provided, 1n this f'orm, an indication of' general -

ability; 

(c) it supplied a compromise between individual ob38ct-sorts 

and a group conceptun 1 styles test• and 

(d) it provided a check to balance against a single measure 

criterion of' cognitive style. 

Item d1scr1m1notion (procedures as tor Triad One) for 

this short t st su-prisingly good,, with twelv indices 

being timated for each it , tor the three atyl.e , for the 

three choices an4 th t a erage discr1m1nat1ons across 

tyie for the three choices. The an d1scr1m1nat1on b ed 

on the sixty 1nt!1ces was .61 . The figures for Item 5, the 

item w1 th the highest a erage diseriminat ion index, are given 

below 1n tabular form. 

T BIE VIII: DlSCR INATIOU mDICES (I1 5,TRIAD TWO) 

Pescriptive Categorical Relational ACJ!' s Styl 

As 1st choia, .66 .71 .81 .73 

As 2nd eho1ee .84 .50 .98 .n 
A 3rd choic~ .76 .38 .68 .61 

Ot r, fe t which Triad hared with Tri d 

e tt of ex ditt ti tion (and thu -validity), 

ot at- te t reliability f'tgurea. Like the jor 

Two b ea 1 rell b111ty 

ti n1: for cate Cl than fol' the other two odea. 
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TABLE IX: STABIL;r.t'Y COEFFICIENTS {TRIAD TWO} 

Descriptive Categcrical Relational 

Boys .784 .589 . 843 
Girls . 808 .614 .812 

(N = 29 for each sex, each style. Interval 4 weeks} 

The scores from the two te ts were correlated 
(Pearson produ:t-moment) , w1 th the following result : 

De cr1pt1 categorical Relational 

Boye .664 .q04 .627 

Girls .618 .214 .554 

(No eorrec'tion for attenuation wns made) 

The moderate coeff'1c1ents may be interpr e4 to indi­

cate the change ot ta k from a f'irst choice only (Triad One) 

to a t~ -choice situation (Triad Two). It" th1 i a 

reasonable inte etat ion, 1t would be consonant with ome of' 

the t1nd1ngs discussed in Chapter II, where 1 t was suggested 

that timulus nd task :racto:r JIBke demands on subject which 

y be incongruent 1th th subject' a prefer d ode o:r o t -

gorising. Thus, the low relationship wr-1t a (e.g. acht 1) 

port bet n b d -figures t s, which 4 d anal.ya!, 

and concei,tual atyl. t sts, which permit the expres ion or 
pretterence, can be undei-st 00d 1n te-rms o1: t ak demand ancl 

bility to perform. 

not r ture merit co ent. 
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that hie results ar more striking f'or boys than for girls, 

but the data found in this study suggest that gi:rls might be 

more stable in their preferences at this age; certainly the 

standard deviatiomfor girls are generallu lees than those 

for boys, and, apart fran the relational mode 1th Triad Two, 

the girls' scores show slightly higher stability coef'f1cients 

over a four-week period than do thofJe of the boys. The gen­

erally lower reliability figure tor the 1nferential-categ0r­

ical style may be accounted tor by ae? ral po eibilities: 

scoring inconsistencies, verbal facility, tho possibility 

that this mo ~e 1 a later developmental acquisition than 

either the descriptive or the :relational, or the relative 

attractiveness of the items which tended to be lees discrim­

inating f'or this mode. 

It wae noce sary to conduct one other check, a check 

on the rel1ab111tY of the marking criteria. st tt colleague, 

whose own re earch had been in a similar t1eld, was giv n a 

random satnple of thirty ans er sheets especially reproduced 

ao that no marking clues were available. After a brief' dis­

cus ion, dtll'ing hich he wa given itten er1ter1 tor scoring 
.,..... 

the a :wer sheets, ed the thirty paper • On n 1 tem-

by-it count, 

end the check · 

'bet een the two 

96.84% agr ement between the original scoring 

or• scoring w rev led. Correl.at ta 

and to 1 BCO 

very high (d cr1pt1ve r = 0.954, categorical r 0.987, 

lat 1onal r = o. 992) • Ae the ei ter had perto ed 11 th 

or1g1 1 acor1 , th1 cont 1r> tion or cons1 t ncy was judged 

to e Tery a ti ctory. 
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SCIENCE C CNTENT ,IBA SURES. 

The general procedures adopted in constructing the 

science tests for this investigation were as follows: 

(1) The objectives of each test were defined as clearly 

as possible, in order to secure maximum face v a ­

lidity of t he i terns as they were devised. A content 

analysis of the unit, together with -its relationship 

to the immediately preceding curriculum unit, was 

made. This was not as rigorous or as detailed as the 

Gagne (196~ models, but, in keeping 1th suggestions 

made by Scandura (1967), specified the major concept­

ual components of the unit. Bloom• s taxonomy was 

similarly simplified to two main levels: 

(a) knowledge and understanding of attributes , 

concepts and principles, and 

(b) application and transfer to related and other 

situations, e.g . physical education. 

Both diagrammatic and verbal conrpOnents were used in 

constructi_ng the items. 

(11) Because it was desirable not to exceed sixty minutes 

at any one testing period, and because on one occasion 

three tests were to be administered, it was decided to 

restrict the science tests to twenty items each. 

Within these limits, the content of the tests as 

chosen to include as wide a range of relevant material 

as possible, consonant with the test objectives and 

known abilities of the 11 - 12+ year age groups. 

(111) Sufficient items were constructed for about one-third 
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enough :ror adequate 

(iv) Because the content was a1tuat1on-apee1f'1e, and 

(v) 

{vi) 

included a large proportion ot teriel not usually 

eovei-ed 1n the school science yllabus, it was 1 

poe 1ble to loy the conventional pretesting of all 

it • Nor wee 1t possible to use children fr the 

e r, ental popul.ation b use ot aena1t11ng prob­

le • p ct1ce ett ts and di aion ng pupil.a 

sequent to tea-ti • The eomn11"0Dnae d-opt wa 

to uae some ot the 1te ~ · l e'YB1ua t 1on 

:following pr ctice-t ching 1th children from other 

schools; to tJ"Y of' the it 1th Teacher College 

science students; ~ to ub t the tests to fiTe 

Teachers College etaft' [bers (two science lecturers, 

e physical ec.ttumt1on lecturer and two education 

leetu.Nrs) , and to en.tor her of the school statt, 

tor eu.m1nat1on of their quality 1n regard to 1te 

truction, conceptual accuracy and pr abl clitt1-

cult • This re l bl th ellmfnation of ffl8Jl1' 1t 

the 

final 

wtth 0 

1t1ng of others. 

1 ch test · 

11 by 

1 tern which cwl4 

child • 

0 gtn 

ea 

di of <11.tficul y pe cr1 t ion #!'ffl'e•n 

r1ft pc, t ran tor the r1 te 

ot, 17,. 15. 16. 15 ·D!f 16. 

Th 1t ~or U eci 
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1 tems were based on upper and lower 27% groups 

( Connaught and Skurnilt, 1969, pp.225-232) • Thie 

met.bod, w1 th Flanagan's tables• bse been reported 

to be highly ettect1ve and very accurate. (Ibid.) 

(Vii) .All tests were estimated to require a maximum of 

thirty minutes tor all children to complete, and 

were not speeded. Thei-e was no pupil who tailed 

to comple te the test. 

(v111) Two ot the teats, Science Tests IA and IIA, were 

administered on the day t"ollowing the tinal lesson. 

The other two, Science Tests m and IIB, were giTen 

f ourteen days later. 

The rte-test · 
Many authorities (e.g . Winch and Campbell, 1969) have 

pointed out the problems arising f'rom pre-tests which aenai­

tiae pupils to the experimental less on content, and eo 

introduce ~ contound1.ng etf'ect to an unknown extent. Thia 

la especiall y true when one ot the treatments requires subjects 

to derive p:r1nc1plee 11'1 th a moderate degree of guidance . 

AccOl'dingly, it was decided to f'ollca a stra tegy employe4 by 

Wittrock (196.}t), and to embed t 1ve multiple-choice concept 

itelDB 1n a test which evaluated a recently-taught science unit 

on t'orce, work and enaro, this Ullit being taught immediately 

pi-icr to the experimental unit. It was antie1patea that the 

d1acrim1naticn indices tor these five 1tema would be low, and 

that each 1 t.em. would be answered correctly by cne pupil 1n 

t'olll', appronmating cmnce erpectations w1th i~ema haT1ng 
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:tour choic and d Ung w1 th compl tel:y new ter1al • These 

:t"iTe quite different items with choices re-ran.do 1sed on each 

occasion, were to re-eppear in the teat of' initial lee.rnillg 

(science Test - Part I: A), the retenticn test (science Test -

Part I: B), and in a l'etention test for the control group. 

The history of the items over the three occasions is tabulated 

below, ca1culat1cris eing based an scores fr upper and lower 

27% groups and Flanagan's table • 

TABLE XI: ITEM ANALYSIS DA'rA FOR E 

lrtema ' D1ft1cul.ty la D1aer1:m1.nat1on I.ndic• 

Pret t Initial. Reten- Pret st Ird.ttal Reten-
:L_ 1na tian n~ tion -

1 • .27 .35 .38 .17 .57 .56 

2. .24 .22 .35 .27 .21 -48 ,. .16 .38 .1'6 .21 .47 -41 

4. .2.3 .50 .53 .:,s .57 .71 

5. .08 .18 .30 .19 .58 .73 

chance core at entry into the 

r ntal cond1 ti<ms wa gain both 

aDd 41 . 1m1mt1on inaice , and ~ 

t d1tt1cult7 

r1 C 

d ta• whJ.oh re le n r aero· gr es1on c tt1c1 t ( .019 -

.163) ,r1th t 

11ne. 

ion. e it 

It t 

1 l :to the UJ~er1JJ11en1.al cont t 

htato a tnt•...,,~~ea 

could not 

co t---­
d whe 



The mater1al was specially selected for the study because 

the science concepts and principles involved were novel to 

the children, were representative of, but not part of the 

new science curriculum, and could be taught with equal 

appropriateness ·by either of the treatments. 

The pre-test was administered by class teachers, two 

days before the experiment began, all testing being commenced 

at the same time (11 a.mo) with no time restriction. As ex­

pected, all children eompleted the test within thirty- five 

minutes. The embedded items and those making up the embedding 

context had been previously scrutinised by the science teachers 

of the school, to ensure that the level of difficulty, wording, 

content relevance, and the form of the i terns used were au1 t­

able. Administration by class teachers, it was hoped, rould 

prevent the pupils from associating the experiment with the 

test. Each teacher received typewritten instructions on the 

administration of the test, following a briefing session. As 

far as could be ascertained, there was little between- class 

variation in administration. Total scores gained by the pup­

ils col"'..!"ormed closely to those eXpected by the teachers of 

the science classes. The two senior science teachers who 

scrutinised the embedded items, did not teach the tested unit. 

Those who actually taught the unit had no prior knowledge of 

the embedded item content, but had received inf'-ormat ion about 

the remainder of' the test. 



IM PQ1t-t;n1. 
Four post-teats weJ.'e eonstrueted. The tests of 

initial l arning end or app11cat1on-trans:ter were admini tei-ed 

to all aub~ect in the school aa mb~ hall at 10.45 a.m. on 

the c!ay after the lessons had been completed. The t eta of 

retention and of delayed application-transfer were also 

dm:tntetered 1n the choo1 11, at the sa time of day, 

t"ourte-en t!ays later. . &niniatration 1n the school hall en-

sured that all bject hared the e con41t1one. and had 

t 

1f8 

examine to ve instruction • B u the se ti 

a:P.ratUMd o t t the ch1lc!Nn he.d eparat de , an4 

with tour adult to organiae the issue end collection of t t 

terials , as well giving s1stance w1 th any reading 

d1t:f'1cult1es which might hinder a pu.p11 's re&1,onl8e, super­

vision as d · med satis'tactory. There s no sign o-r copying. 

The test o:r 1n1 tial learning { cienee '!'est IA) , de-

signed to m~a,;>'-U.·-,;, Offle under- taming of" the experi-

ntal ccricept and prlnc1ple , s adjust d by re-ordering 

answer cmiee , u 1ng t 

an4 wa t · 

rat ti te t (Sci ce 

am t 

01" tw it • tw 
( .1 • .t 8, .19) • ut the 

-~c1 

Ol'dinaril.7 th t ........ -c~ D~'1Jl;St.l. 

but it 1J 

tty. R -

idea to 

IB). T it 1n t 1nit1al. 

b e t1on. 

er1 lnat1ng p r 

~ 0 t 

( .18 - .71). 

t 

e the race 1 -

1n th retention 

t 



126. 

one of the same twenty items had a discrimination index below 

.34. and the average d1scr1m1nat ion was .49. It was conaiderec! 

that the items vrere :tunctioning in the intended fashion, and 

that item validity was at least satisfactory. 01: the three 

marginal items retained from the test o'f initial learning, 

onl.y one (Item 4) tailed to give a normalised biserial coef1."-

1c1ent of .30 or better; it appeared that the diagrams may 

have contributed to its low discrimination power. In each 

test, the first six items had d1f"f'tculty levels of 65% ranging 

up to 9 , and three of the final. six 1 tem.s were at the ~ 

level or lower. Thie con.:tirmotion of judged d1tt1cult7 leTela, 

together with the item analy81e data, pl'OV'ide<l some juat1f1-

cat1on of the general procedures adopted 1n c cnstructil)g the 

dependent measures. Apart rrom the face val.idi t:, of the tests, 

a~e support for the validity of these two tests, and of the 

fiTe pre-tes-t items, 1a derived t"rom the increasing d1scr1.-

1nat1an p er of the items over time. 

The first test of appllcat1on-transter (Science Teet 

IIA) • lllte the initial learning and retention tests, wae a 

twenty-item nmltiple-choice (tour altematives) test. The 

content of the items l'IU'lged widely; six were related to 

balance and stability 1n l)b7s1ca1 education, two to boating, 

six to aver~a7 objects such as vases, kitea and pictures, 

an4 the remainder were simple probl.eme. . Aga1n a wide range 

or d1tt1culty levels was endent, tour ~ the ft.rat six items 

gi'Ying dittieulty 1n41cee o'f • 72 up to .81, an4 two ot the 

last three items falling at .33 and .'S"/, with a mean 41:tNculty 

l.ev'e1 of .54. F1Te of the twenty items were rg1nal in die-



cut-off point 

o~ .20; the ov.erall average d1acrim1nat1on index being -43. 

Fro this . t , it was apparent that the test was adequate, 

but lees aat1a:t' et017 than the tests of 1n1 t ial learning and 

retention. The heteropnei ty or tJi1s application-trans~ 

test 1a shown by a Gut ho geneity-coeff!cient ot .437 

(Thorndike, 1n Lindquist• 1951 , p-.581). 

The second a-ppllcat1on-t ~er teat, (Science Te 

IIB), dittered t other c1ence content am~is. being 

supplied-response 1n it - yp • eight it e 

1 1ble eor of enty. wa the ca with tbe other 

test. Stringent 

the verbal and the p1ct.ol"1al re ponses. It was hoped that 

the re p<XlSes ould be non-verbatim, refieeting 1n the sub-

3ecta' own words the emcept and principles taught. Thia, 

ind ed. e what an ezim1nation or the reepona vertt1e4. 

By tt1ng cl'i ion of 

fer ch item to define a col'l'ect Nspona , and by using 

Flanagan's tables with upper and 10ll'er 2 , gl"OUpa. an ti:a-

an 41 • 59 (range .25 - .n). 
t averag dltt1culty l.eYel 42 • ('"'"i"• 1 - 6 ) • 

On t'Urth r int t1o:n to test a wide applioatlo: 

• 

1n 8 .LI.C'1a!CU." ,geinecftle 

.468 SUJr;t~,a,:,e, 

t t. tt eoe:tt1c1e t o-r 17 

t thiB ha4 b ach1 rand 

p , pec1a1]¥ Nduced and It d by a 

~ rrel t1on or 0.956 l 

• WOUl.d een h1g r ot th 
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cheek marker Ollitted to record the acore far two items. 

The contro1 gr(llp teat (Simple l4ach1nea) was not 

f'Ol'ID8lly analyeed as were the other science content teats. 

This test was 1nc1uded :tor two rease11a - on practical grounds, 

to equate test1.ng time across all groups, and to give a test 

of the objectives implicit in the teaching experienced, 

rather than risk f'l"U.Stration by asking childr-e:n to t:rans:ter 

what they bad not bee.n asked to learn. The aame care was 

taken with the conetl"Uctian of' thie test as wae taken with 

other tests. 

Rpllab111t;r. 
A domain sampling view of' reliability car-r1es the 

clear implication that optimum sampling over e domain. in 

order to have a reliable measure, should involve a aun'icient 

and representative sample replicated over time. such a view 

woUld auggest teats with a large and sk1l.1"ul.ly selected range 

of' obserYat1ona, which are caneistent with observat10DS taken 

over the eame danain on another occasion. However, parallel 

:tol'IU are not easily constructed, and may not always be :teaa­

ible, :tor practical reaacns, 1n :tield experiments. Split-half' 

pr-ocedares dep,nd also on assumptions ot' equality in items; 

equall ty, tbat 1e, in '11f't'i cul. ty leTe l.B , 1n opportun1 ty to 

anawer {time), 1n pupil readiness (prior learning, mood, 

attitude and eo on) to ansr,er each item, and, 1mpl1c1tly, 

eome aim11ar1ty ar content a?ld intention. "Rellab111ty 1a a 

matter ot' the adequacy of the sampling at items as well 9.a 

the consistency of behaviour of each 1nd1v14ual." ('l'horndike, 



1n Lhldqui t, 1951 , p.577} • A ~er d1acr1m1nat ton 1a 

concemed, the items are generau.,, ery satist-aetory. 

However, test length, difficulty levels,. test 

betel'Ogeneity and the heterogeneity ~ the po · ticm. 
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1ed, w111 atteet the reliability indiee · resulting from 

int rnal consistency. ( Garrett , 1 958) • Internal cOllSistency 

sure ar a.ppr r1 te when tests re not speeded. A non 

or the tests used 1n this study a timed t st, aplit-hal.1' 

reliabilities using an odd-even lit, ere cal.culat d. It 

was re lised that th coettici nt gainec! might e de-

s bee ee ot the :factors referred to bOTt , an"d because 

the exp ~1 ental teaching it eU', with det'1ned population, 

might decrease within-group variance. The test covered 

broad objectives, nd so were not narrowly homogeneous, items 

were deliberately constructed to have a w1de range ot d1tt1-

culty • and the te e ere 11 ited s :pl1.ngs ( 1 ot twenty 

it ). 

extensive test de el nt progr e, because of the c tent 

choa • 

ble tbe next p e gi a corrected 

( -BrOlm to l C t Y 1nc11ce , 

out e1ty e 1. t , th le billty 

a 1bl, ~ ot rt t t • 



. OST-TEST DATA FOR THE EXJ:ER AL ORQUPS 

t 
Teat IA Test rIA Tat IB Teet II'B 

Corx-ected internal 
consistency coettic-
1.ent a ( spl 1 t-hall') 

.684 -470 .637 -492 

Gutt homogeneity 
coetf"1e1ent .452 .434 .662 .468 

st b111ey coett1c1ents 
(rourteen-<! y 1nte 1) .660 - - -
Correlation 1th 
ot1 I. • or .433 .526 .540 .494 

Standard or 
~raw score units) 1.433 2.ee2 1.700 2.063 
c-scaie UD1 ts) 1.175 1.434 1.119 1 .446 

Rellab111 t7 timate 
o~ double-length test .812 .639 .na .659 

Range 4 - 18 4 - 17 6 - 20 3 - 18 

an 12.975 10.4 12.923 11 .381 

s .n. ( scores) 2.55 2.86 2.82 2.91 

N 15(l 1 20 120 120 

•r•rt•>co-e d t re repox-t d fully because the 04 rate 

reliability c~1cient t eff. t t confidence o pl cea 

1n r ault 

n XS 

ent. [b - ~ polnta 

of th · 4 • Bad th t t n twlc t 

length, t inte l co 1 tency indic woul.4 have b re 

of t1 ~actory. . er (196G, p.442) • 1n his dis 

rel.1abili ty, fflfllt@a th1 Point gly • "swaneir 

it 

cor 

tion 

1no as prob Uity t." 

ti with Oti I. • opor-

ianc 1 indic t d• "~~_,,, if re ov d by e.naly 1e 
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or vovar1ance, could influence the piaee1sJ.on o:r the whole 

experimental study. The study ie eon:t'ronted by two sampling 

problems, insof'ar a it sa les ubjeots with def'ined 

characteristics as well as a kn.owled content domain. The 

lo relationshiI)s between Otis r •• and the cognitive style 

scores or the experimental group (reported. 1n T ble xnr) 

suggest that to use I.0 . as the covari te y have effects 

on performance me sures without vitiating the subject 

ea ling. Nevertheless , the relisb1llty :tigure do point 

to the need for caution hen :finding a.re considered. 

THE ATTITUDE SC .TFS. 

Two attitudinal scales, measure o:f academ1.c achieve­

ment motivation and a measure of science 1ntere t, were 

co tructed, and the two scales (t'or admin1 tr tive purpos ) 

• re combined in an instrument cal ed Pupil Op1p1 on survez. 
The aehi vement motivation se le consisted~ twenty state­

ments, modification ar questions u ed by En h1etle (1968) 

and sell (1969), to Which the subjects respon e on 

:r1 -point Likert-typ sc l , ranging '£r Strongly Agree to 

Strcngly D a ee. Ten 1 t 

cienc w re int r p :r 

~ 1te b 1ng,.. 1 

(1966, p.487) t 

et\11 0 the 

q the enty, o.rd r and p 1t1on 

du.I' construction. Kerllnger 

t t t ting seal 1 

scale (equal 1ng int r-

1 t1ve), d yields r t which ar 110 or 1e8 

the re 1oasly constructe e • A 
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or judges, f"our Te ehe:rs College statt teaching e1 ther science 

or edttcational sychology, examined the 1 terns, agreeing com­

pletely on the appropriateness of the weightings proposed for 

each. In both e lea, he~ o:r the most favourable responses 

were ne tive in orientation, i.e. "strongly disagree" indicated 

a favourable ttitude ~owards academic achievement, or expressed 

a positive inter st 1n science. This was necessary to minimise 

bias due to dispositional tendencies to agree or to disagree 

with given st tements. The weightings i-ecamnended by ctwards 

(1957, pp .1 49-171) for a 1'1 ve-point sea le are O, 1 , 2, 3 and 

4, and these ere used w1 th this i nstrument. 

The com ine~ measure es tried out ~1th a random sample 

of Form I children ( = 58) at an Intermediate hool similar 

to the experimental school. The trial administration was 

conducted on two occasions {the ~rectice-teaching occasions), 

t enty-nine children responding on each. s tudent teacher 

observers recorded comments on the c ildren regarding their 

eagerness to ns er questions, their persistence on lesson 

te ks, their apparent interest in the science content. It was 

not possible to m ke an accurate observation on some children 

who appeared to co-operate quietly, but boa be viour was 

r ther unreve ling ot ttituae to science and to achievement. 

However, those children ite ting high intere t 1n science, 

or de 1r to perform well e demienlly. also tende to rate 

t.na,nsel highly on the instl"Wilent. The highest eco-i;er on 

the 11'-i-eport achie ent oti t ional scale s girl ho 

<!1 playe t · gerne to a k and to ans er que ti ens, to 

auch xtent tbs other ehildr"en to sh 1gn of 

r tles ss. Tld · inform l o1,, - tion sugg ted t t ·the 



instl'Ument was achieving the purposes intended, and need not 

depend on its obv1ous :race validity alone. The meens o:t' high 

and low groups on 1.ndividnal statements were compared and 

retained U' the high group mean clearly exceeded that of the 

low group. Tbs.t this simple a pproximation method worked is 

shown by the lat er , more t'ormal analysis ~ 1 tems. For 

example, the twenty items o:r the academic achievement moti­

vational scale gave a mean t-value term ot' 4.56, anly one 

item (Item 5. t = 1 .72) tailing to reach the vaJ.ue 1 .75 which 

indicates significant diff erences between high and low srou'Ps 

1n average responses. providing there arc 25 or more subjeeta 

1n each at the groups. (Upper and lower groups 40. total 

N = 150). 

The trial testings increased confidence 1n the 

instrument. No reason was :round to alter t he instructions, 

or change the wording o:r any 1 tem; rapport was eaa1ly estab­

lished. and the children appeared to answett f'rankly. enjoying 

the non-test situation. It was f'ound necessary to atreae care 

1n answering each item, as a very small number of children 

marked one 8ll81t'er twice, 1eav1ng an adjacent answer apace un­

marked. One source ot concern re 1ned. Some children 

responded only at the extremes of "strong17 Agree" of ttstrongl.y 

Disagree", not chcoidng intermediate responses, while other 

children chose onl.y the intermediate categories and 11ade no 

extreme res-ponses. It wae decided to correct the scores by 

reducing each item to a three-point range. but. at the same 

time• lteeplng a record ot the original acore and the number 

ot extreme i-esponses made by each aub3ect. Ae was done with 



other tests, frequency c!1etr1but1ons were drawn up, an4 the 

scores normalised by canvertion into C-acale units. 

The final test :rorm was administered by class teachers, 

1n all the Form I rooms, at 11 .3() a . m. on the same day, twelve 

days bef'ore the experiment, 1n order to min1m1ee the possibil­

ity or pupils associating the instrument and the experimental 

treatments. The teachers had all been given typed copies of 

1nstl"llctione at a brieting meeting. F.POm comments made by 

the staff of' the school, it appeared that the children 8.JllJ'Werec.11 

:t'ree1y, and enjoyed the slightly novel activity. The test was 

not timed, but most children :t'1n1ehed it 1n twenty minutes. 

While an appl'Oximation method or gauging item dis­

crimination had been f'ound use~ 1n the preliminary stages, 

the 1"ull t-test method described by Fdwards (ibid., pp. 152-155) 

was applied to the f'1nal tests. These were considered Teey 

satisfactory. The interest 1n science scale gave a mean t­

TBlue term of' 6.09 :t'or the ten items. 

The reliability or the attitude scales was calculated 

:t'rom test-retest data, with a fortnight interval, to produce 

stability _coef"_:f'1.c1ente o:r 0.789 :t'or attitudes to aea4ell:1c 

achievement, and 0.910 fo"%' attitudes to science in school.a. 

In order to ha'Ye a further basis for checking the 

val1d1 ty of the instrument • a Form I c).aos at an Intermediate 

School other than the expe~meni:a1 school, was given the 

achieTement motivat101l;8l · eca1e. and the teacher was aalte4 to 

rate, on a five-point sca1e. her nssessment of her pup11a' 

des1:re to perform well academically. The obtained correlation 

(Jtearson product oment, N = 32) wao .259. a low relat1onshtp 
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which requires sane additional comment. 'l'Welve of the 

eeYenteen boys indicated greate-r desire to achieve well in 

school than the teacher would have predicted. This pattern 

was noted w1 th seven or the f"i:tteen girls. Agreement between 

the woman teacher' s rating and the girls' self'-rating occ­

urred with 47:- of the cases, but between teacher and boys in 

only one case. Correlations between pupil self'-opinion and 

teacher ratings are sttbject to a great many errors, and eTen 

high correlations are 11ke1y to be suspect. In this case, 

there are several probable sources of error; one speculated 

possibility is teacher-m1spercept1on of boys, another that 

the teacher's judgement 1 a re lated to past achievement , 

another that the pupils were trying to please the examiner 

1n selecting certain responses. The last possibility, however, 

is not supported by a scrutiny of individual responses. The 

otis I.Q. means f"or boys (107.6, range 91 - 119) and for girls 

(104.3, range 93 - 118) did not provide any reascri to bell eve 

that attainment would ditter greatly. A s the mean score on 

the instrument was the same t'or both boys and girls, the 

poas1b1llty thnt the teacher's perception ot' boys di:f:t'ered 

tl'om her perception o:r girls seem not improbable. 

The t"inal measure• were correlated with I.r- ., the 

poet-test a, an~ w1 th each othw, the i,esults being eh:>wn 1n 

the table on the next page. 
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LF.S 

I.Q. .A .M. I.S. TEST TEST TEST TEST 
IA IIA IB IIB 

Academic 
.Ach1evem nt . 31-,.8 
Motivation {A.I~ 

- .354 .332 .1 94 .312 .231 

Intere t 
in Science .146 
(I.S.) 

.354 - .219 .353 .293 .334 

(r's above .254 significant at . 01 ; above . 195 s1gn11'1c nt 
at . 05. (d.f. 117) ). 

It 1 intere ting to note the 11ght 11' higher, though 

non-eignittcantly cU.:t:rerent, relationships bet een the two 

sc lea and the various objectives measured by the post-tests. 



CHAPrER VIII 

RE§EARCH F IlIDIHO§ 

The findings reported 1n this chapter are organised 

in sections related to the areas covered by the hypotheses. 

~here statistical data would require very long tabulations, 

the fulJ tables are given in Ap endix D. The data which are 

relevant to the specii'ic hypothe ea, or which, while not 

predicted, are found to be etatietioally s1gn1f1c nt, or 

appro eh1ng at1st1o 1 igntricance, at the .05 lev 1 chosen 

for this at,~y, are reported here. 

SF.X DIFFEPEIJCES AND COGNITJV!<' STXJE. 

Much of the data pertaining to Rypothe e 1.1 and 1.2 

have already been reported (pp.113-116), 1n the discuseion on 

the validity of the cognitive style instruments. In null 

torm, the hypotheses became: 

1 .1 The girls end boys 1n the population studied 
will not dit'fer in the number of relational 
l'espon e made on t cognitive tyle 1n trument. 

1.2 The girls and boy in the population tud1 d 
will not differ 1n the number of de cript1ve 
responses de en the cognitive aty e inst 

he cognitive etyl co of' the rand fro 

the experimental chool nite ted 1gnit1cent d1fter nee 

n the sexes tor both d cr1pt1ve (t c 2.412, d. r . 56, 

p = . 02) and relation 1 (t 2.432, d.~. 56, p = < •02) 

• The null hypothesis ruv,t, theretore,. b u tined. 
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The direction of the between-sex d1tterences (boys > girls 

in descriptive responses, girl > boys 1n relational res­

ponses) accords with the findings in other studies (e.g. 

Kagan et al., 1963), and with theoretical expectations. 

Other statistical data, relevant to cognitive style 

and sex, emerged from 1ntercorrelat1one computed 1n testing 

~or the independence of r.r. from cognitive style, preparatory 

to the analyses of cov riance. These are reported here be­

cause of their relevance, and beca.une of their bearing on the 

findings. 

I.e . Descr1 -gtive Categorical Relational 

I .n. .040 -.041 I . 148 I -
Descriptive .097 - .155 -.739 

Categorical .132 .005 - -.687 

R lational ! -.135 -.61 0 -.709 I -
(Girls above diagonal, boys below. = 60 for each sex) 

For both the boys nd the girls 1n the experimental 

grou , there 1 n tive r ti hii; betw en r lational 

and cate rical mode , nd bet een de cr1pt1ve and relational 

d • the ne r-z or 

d cat gorical mod 1 tak 

th1' e cogn1t1 o 

H e r, when it 1 re be 

tor oh ex on the co 1t1 

Cl' s the exe , nd leo 

1 tionehip b en de eriptive 

into cco t, it ppear that 

1 ons are being r pre ted. 

d that the core ette normal1 ed 

tyle m sur, nd tor I.Q. 

the l tr tit1 



139. 

one, it will be realised that the obtained correlations may 

result, in part at least, from the assignment procedures. 

Thus, the statistical pattern nay be confirmation of the 

independence of the groups rather than evidence for the 

independence of preferred styles. Furthermore, the nature 

of the instrument itself may be a factor influencing the 

correlational pattern. While any one descriptive response 

may be given for one of several appropriate reasons, the 

choice of one style of response necessarily means a lower 

score on the other two modes. But to claim that the results 

are a test artifact for an either-or, two-choice situation 

(cf. Kagan et al., 1963), does not explain the pattern obtained 

on triads - a three-choice situation. I t does seem poss ible, 

then, in spite of the qualifications made, that each of the 

three styles has its own attributes, and has a complex rela­

tionship with the other two. It may well be that the relation­

ship between the styles, as well as the preference for one 

rather than another, is an important aspect of an individual's 

cognitive functioning. Kagan has argued in several places 

that the same styles may have different meanings for the sexes. 

The relative preferences between the sexes suggested by the 

research hypotheses do not contradict such an assertion. 

In order to teat further the hypothesis of sex diff­

erences in conceptual style. the ra scores of all the Form I 

children tested (N = 302, 157 boys and 145 girls) were sub­

jected to statistical examination - means, standard deviations 

and t-values being calculated. The results are summarised in 

the table which follows. 
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TABLE XV: SEX DIFFERENCES m COGNITIVE STYLES 
AMONG FORM I PUPILS 

Descriptive Categorical Relational 

Statistic Boys Girls Boys Girls Boys Girls 

N 157 145 157 145 157 145 

Mean 6 . 97 5.33 6.62 5.76 10.51 12 .82 

S.D. 3.98 3.31 4.61 4.34 5.80 5.98 

d.f. • 300 300 300 

t 3.890 1 .673 3.255 

p < . 001 < .10 (F .s.) < .001 

Direction B>G - B <0 

(t-tests t wo-tailed) 

The Porm I populat ion of the experimer t al school 

manifested significant differences between the sexes in the 

descriptive and relational styles. It is reasonable to reject 

the null hypothesis, for t his data and for this population. 

Thus, further confirmation of an earlier finding wi th a random 

sample (N = 58, p .114) provides evidence of sex d ifferences 

between cognitive styles. 

THE MAJOR HYPOTHESES. 

The null form of the hypotheses, as the procedural 

form for testing statistical significance at the five percent 

level, in the cases of Hypotheses 2.3 and 2 .4, require little 

change from the research :f'ormulat ion. The six procedural 

hypotheses are, then: 
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2.1 Pupils receiving TNatment R.F. will not differ, 
at more than chance levels, 1n their mean per­
formance on the test of initial learning, from 
those receiving Treatment R.D. 

2.2 Pupils rece1'Ving Treatment R.D. will demonstrate 
no more than chance difrerencos 1n mean scores 
on the appl1cat1on-traneter tests, from those 
receiving Tre tment n.r.. 

2.3 There will be no s1£nif1cant differences in mean 
scores on the test 01· retention between pupils 
receiving 'i'reatment ~ . n. nd those receiving 
Treo.tment R. 1? . 

2 .4 ,..,here will be no s1gn1f'1cant d1f'f'erences betwe 
Teachers, as measured by pupils' mean scores on 
post-tests of initial learning , retention, and 
a~ylication transfer. 

~ .5 There will be no s1gn:1~1cant dif'~'erances bet een 
Treatments as measured by the percenta~es deriv d 
from coded o scrvntion scorea for Cntcgories 4, 
5, 8 ar.d 9 of an .. ~m1aon- ":··1andcrs Intemction Anal­
ysis. 

3 .1 For pupils whose preferred cogni t1 ve st;rle is 
descriptive, no more than ch.once differences 1n 
mean acores on poat-teoto 1111 distin~~iah those 
receiving Treatment -q .n. from those r•ece1ving 
Treatment , • -r:-. 

3.2 For pupils 1hose , referred cognitive style is 
r lotional, no more than chnnce differences in 
mean scores on oost-tests ill diotinguis~ those 
receiving Treatment ~.v. from those receiving 
Tren tmon t 'R . ....... 

The lysis of variance used to ovalunte the hypotheses 

1a an extension of the example given by Lewis (1968, pp .130-

152), in hio acco mt of d signs with ne ting M er ing. one 

of the reason for u ing a n ted design i that 1 t reduces th 

rror term, nd o incre ae the ecision of the contrasts 

mod • he just1fic tion for the choice o error term lies in 

the mean square xpectation r-or the componente o~ the linear 

odel (expande in t,pp ndix C). he our error tr cho 

ro the components a 1Y 1s tot st each sou.re of v r1 tion 



1n the design are the mean qunres f'or: 

(a) bet feen pupils (") w1 thin 11 x 

(the four major factors ), 

X C X D 

(b) pup11S X objectives(~ X r) Within 

, X B X C X fl, 

(c pupils by occasions ( ry x ~) within 

f, X B X C X D' end 

(d ) the residual variat ion{~ XE X F) within 

" . ~ X C X D. 
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'l'hua, f' or main ei':f'ccte and interaction~ not involving 

objectives or occaEions, tho error term is ?; for main effects 

and interactions involving o ject ves na occasions, the error 

terms are r x ~ nna ~ x F respectively; while the residual 

com'Ponent, n x "' x F , becomes the test for interactions in­

volving both objec+,ives and occnsi ns. One cauti-:m to be 

observed wit._ a J arge number or internet ions in a six-factor 

(extended to seven, with a nested rector) analysis is car 

1n accepting nll interactions ~hich nnpear to be statistically 

a ign.1ficant. , .. 1th such a large number, some might be expected 

to be significant on chanc lone. 

1 table h 1ng a elected eum,~ary of ~..ypotheoia-

related results from the a1n analysis o~ r1 nee fol low • 



TABLF. XVI: SF!,,EC'r~D SUM !ARY OF HYP0THESIG-RE;rATF!D 
RF§ 'fLTG FROM THF ~ATI-T ,°' 'iJ\LYSIS OP VA'RIN1CF 

source of 
Variation 

sum of Id.~., ~ean 
Squares . Square 

"grror F Ratio 
Term 

p 

A. Teachers 1 . 875 1 1 .875 p 

p • B. iethode 140.833 1 140.833 
• c. Cogr.it. St yles 23.829 
I ~ . Sex 22 .533 

2 11 .914 
1 22 .533 p 

F. . Objectives 
F . Occaoi one 

•BX C 

a B x D 

I P. X E 

K C X D 
DX F 

X C X 'I;' 

•Bxcx r.; 

xBxCxF 

IFxCxD 

x BxDxr.: 

xBx Fx:.'"' 

11,xCx'f'x.,.., 

CxDx~xF 

0.133 
0.208 

12 . 280 

9.016 
16.876 

27 .155 
9 .634 

16 .462 
4.588 
2.004 

16.588 

7.500 
7.008 

5.954 
5.488 

1 

1 

2 

1 

1 

2 

1 

2 

2 

2 

2 

1 
1 

2 

2 

ftxBxCxDxExF 9 . 612 2 

P :v i thin J\xBxCxD 877 .ooo 96 
Px, 1th1n AxBxCxD 236.000 96 
Px 1 thin .xBxCxD 21 3 . 400 96 
Residual (PxExF) 

it:hin "x xCxD 160.400 96 

0.133 PxE 

0. 208 PxF 

6.140 ? 

9.076 P 
16.876 PxE 
13.578 n 

9.634 PxF 

8 . 231 P.x'P 

2.294 PxE 

1 . 002 PxF 

8 . 294 P 

7 .500 PxF 

7.008 x "xF 

2 . 977 Px~xP 

2 .744 PxExF 

4.806 PxExF 

9.135 
2.458 P xF 

: . 223 Px xF 

1 .671 

< 1.00 
15 .41 (a) 

1 .30 
2.47 

<1.00 

<1.00 

<1.00 I 
<1.00 I 

6.87 (c) 

1.49 
4.33 i (d) 

3.35 ( d) 

- 1.00 

1 .oo 
c:;::1.00 I 

3.05 I (e) 

4.19 ! (d ) 

1 .1a i I 
I I 1.64 I 

2.ae 1 (e) 

5.47 (o.) 

1 .47 (d) 

1 .3 (e) 

1928.792 d.f. 479 
441.99'2 d .t. 95 

1486.800 d.r. 384 

= Hypothesis-related results. All other ratio for 
int ct 1 ons • not hQJ/n her , fa11 b lo 1 .oo 
() p = .001 (c) pc .025 (e) p = .1 0 
(b) p = .01 (d) p = .05 ( · .s.) 



Hypotbesss 2,1, 2,, and 2.3. 
Hypothes es 2 .1 (initial learning), 2 . 2 (appl1cat1on­

transfer) and 2.3 (retention), in their null form, predict 

no differences between treatments on measures of initial 

learning , retention {k.no,vledge and understanding) and 

appl1cntion-trannfer. ~:'he main analysi s of variance provided 

two relevant r -rotioa whose magn1 tude, 1th the degrees of 

rreedom available (1/96), could have been the re~1lt of chance 

factors less than five times in a hundred. The eignificant 

results were the first-order interaction (Bx , , treatments x 

objectives), and the treatments main e fects (F = 6.87, d.f. 

1/96, p <•025; and P = 15.41, d.f. 1/96, p <·001 respective ­

ly). The Bx F (treatments x occasions) interaction, however, 

was not sign_ifieant. It can be seen that these ~eeults do 

not appear to 6llstain null hypotheses 2.1 and 2.~, but, at 

the same time, do not per t the rejection or null hypothesis 

2.3 . However, before a conclue1on can he reached, further 

evidence from the analyses of covariance and the dditional 

analyses of' variance wi 11 need to be examined. 

The reae~ch hypotheses a'tlggeated the achievement of 

different objective with different treat ent - Bx E 

interaction. This ie phioally in 'C'i,. re 1, using 

a s t at hypothetic l me • 

• I 

I 



c s cale 

IQ 

6 

b 

+ 

2 

0 

E1 (M=6) 

f=.2 (M=4) 

E.z, (M =6) 
~ 

E1 ( M=4-) 

B.2. 

Fxperimental Groupe 

Figure 1: Predicted interaction Bx F ~ased 
on hypothetical d to. 
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The obtained data, however, showed a non-symmetrical 

interaction pattern {Figure 2), whereas the predicted pattern 

was symmetrical in form. 
10 

g 

6 

C _,cale 4-

0 

E=-. 1 (r-1=6 ·02) 
~ Ez.. l tv1 = 4- .qo) 

E2 ( M= 5 ·6l) ~l (M=4- ·S6) 

B1 B.2.. 

Fxperimental Gr po 

Figure 2: Obtained interaction Bx 

Th obtained Bx inter ction 1e interpret d a 

showing th advant g -r re t t • • o r l'e • • 

tor th kno ledge d under0 tanding ob3ectiv as 1nd1c t 

by rrformance on the test of initial le rr..1 nd r t tion 

(T IA and IB). It 1 p ent that thi per1or1ty 1 

not 1n ined tor plic t 1on-t j C iv S• 
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The in analysis of variance, however, we. essentially 

the test of Hypotheses 3.1 and 3.2, which were concerned with 

the interaction of cognitive style and trealtln6nte (teaching 

methods). For a teat of the hypotheses part1cu1arly concerned 

with the methods, the four analyses of covariance and th tour 

additional analyses of variance provide tu~tr..er evaluative 

material (see Table XVII). Es.ch dependent measure wao exam­

ined, 1n turn, by these statistics. Significant differences 

between treatments, tor initial learning, were found in both 

the supplementary analysis of va:riance (F = 22 .43, d.r. 1/96, 

P=:::::-•001) and the anal.yei of' covariance (F = 19.46, d.f'. 1/95, 

P= < •001). Researoh Hypothesis 2.1 is thus supported, the 

direction of difference being that predicted (R.E. mean 6.17, 

R. D. ean 4.52). Further indirect conttrmation of this result 

was produced when a comparison of mean ertormance o:f' the two 

treatment groups, R. E. (mean 2.33; s.n . 1,11) and R.D. (mean 

1 .60; s.n. 1 .01), on the five embedded items wa made. The 

two-tailed t-test indicated a significant di:f'ferenoe in favour 

of Treatment R . ... . (t = 3.782. d.f'. 1/118, pc < .01 ). 

The data r la ting to Hypothe 1 2 .2 (null term) were 

rather qui vocal. Two depen4ent e sUN w re u ed, Test IIA 

and T t I • The former 1 prob bly the bett r on hich to 

bas compal'isons, 1t of the multiple-choice form 

a the t t sta of kn l dg d ncfing, w reae the 

latt r wa a r sponse ppli form. Neithe t t had more 

than moderate split- l:f' r liability index. The data tl'Om 

'l · t IIA e n F•mtio t o the 1 1 of iance of 

6.25 (a.r. i/96, p · < •025) an.4 tor the naly 1 of covsr1ence 
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of 3.43 (d.f. 1/95, p = ~ .1 0). Test ITB, 1th its larger 

error term, gave a between-treatments main effect F-rat1o 

of 2.02 (d.f. 1/96, p = <•20) for the analysis of variance, 

and less than 1.00 for the analysis of covariance. To reject 

the null hypothesis categorically is to risk Type I error; 

to accept it equally categorically is to risk a Type II error. 

Gu.ch evidence as there ie suggests a difference, but does not 

establish one. 

Hypothesis 2.3, as a tooting procedure, predicted no 

difference between treatments on the retention me sure. Th 

F-ratios tor both the pplementary analysis of variance 

(F = 12.45, d.f. 1/96, 'P = , .01 ) and f'or the analysis~ co­

variance (F = 9.56t d.f. 1/95, p = , .01) were both judged to 

be of sufficient magnitude, w1 th their associate degrees of 

freedom, to be evaluated as ahcmin significant differences 

between treatments for retention. The null hypothesis 1s 

therefore rejected. 't'he consequence 1s, of course, to reject 

+.he research hypothesi which also predicted no differences. 

The d1ff'erencee are clearly in favour of Treatment R.E. 

(R.E. mean 5.70, R.D. mean 4.n) with these subj ct , in 

these con01tions, ana 1th the dependent measures u ed. A 

compar1 an bet een the an p rformance oo the embedd d 1 te 

also rted the conclusion r ached. Tre tment R. E. (m an 

2.36, s D. 1.19) produc d 1f1 tly hig r core 

than did tment .n, (IJ.IQou..a. 1 . 55 t s .D. 1 . 20) , when two­

tailed tat ere run {t = 3•75, d . f. 1/118, p <.: •01). 

Select F- tio for the y-ae of 1 and c 1anc 

shown in T bl XVII. 
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T.AJUJ:i XVII: StThf'ABl;ES OF MAm EFFECTS .AND 
FIR§T-O'RDER RIT::BACTIO. s "QR N/ILY§J':S OF 

COVARIA'MCF; Aim ANALYSF§ OF VAPI/'NCE 

Analysis of' Covar iance nalyais of Variance 

Source A s ed 
d.f'. 1 M. s . 

TEST IA: (IHITI1 L p;:ARNINO } • 

F d.f. 

A • Teachers 1 1 1 .453 1 

B. tethods 1 55.318 19.46(a) 1 
c . Styles 2 0. 978 2 
n. Sex 1 18.007 6.~(d) 1 

A. • 1 0.994 1 
.A • C • 2 7 • 714 2 • 71 ( e) 2 

A .D. 1 2. 770 1 
B.C. 2 6.230 2.19 2 
B • D. 1 0. 000 1 

C.D. I 2 4.271 1 .50 2 

Within I 95 2 .842 96 
·rota l 11 8 11 9 

TEST IB: 
A. Teachers 1 
n. ethode 1 25.379 
c. Styles 2 1.016 

D. Sex 1 8.387 
A.B. 1 0.043 
A .c . 2 3.190 
A.D. 1 4.186 
B.C. 2 4.648 
B.D. 1 1.008 
C.D. 2 1.365 

1th1n 95 2.654 
To l 118 

1 

9.56(b) 1 

2 

3.16(e) 1 
1 

1.20 2 
1 .58 1 
1 .75 2 

1 
2 

96 
119 

M. S. 

0.075 
81.675 22.43(a) 
2.034 
7.067 
3.675 
9.100 

4.350 
3.100 
1 . 817 

1 .01 
2.5o(e 
1 .19 

7 .204 1 .91 
3.642 

0.300 
48.133 1 2 .45(b 

2.158 

0.833 
o.834 
4.575 
6.534 
2.808 
o.s34 
5.308 
3-867 

1 .18 
1 .69 

1.37 

All F-r tios bel 1 .oo 
int ctiOM er non-a1 

re om1 tt a. 11 hig order 
~1cant. (a Appendix D). 

( ) p = . 001 
(b) p = . 01 

(c) = . 025 () p = .10 
(d) p = .05 (N.S.) 
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TABLE XVIJI: Ccontinu@d) 

.Analysis of Covariance .Analysis ot Variance 

source M.s. F 

'J'~ST IlA: (l, '")PLICATICY!-TRA11SPER) 

A, Teachers 1 16.165 6. 96(b) 
B •. ethods 1 7 .964 3.43(.e) 
c. Styles 
n. sex 
A.B. 
A.C. 
A.D. 
B.C. 
B,D. 
C.D. 
"'1 thin 

Tota l 

2 2.902 1.25 
1 52.923 22.78(a) 

1 2 .173 
2 3.742 1.61 
1 1,916 
2 2 .122 

1 0.026 
2 o. 741 

95 
11 8 

2.323 

d.t . 

1 

1 
2 

1 

1 
2 

1 

2 

1 

2 

96 
11 9 

M.s . 

4.408 
23.408 
4 .758 

27.075 
0.076 
3.058 
3.752 
1.658 
3,675 
4,375 
3. 71i6 

T1r.ST IIB : ~f\7 :1
-:- IC_'\TI OH-TR/1"'.~Ir i<'R: 0 .U-F .. D'ED 'J'RS'r • 

---- I 

.fl. . Teachers 1 9.851 3.11 (e) 

B. Methods 
c. s tyles 
D. sex 
A.B. 
.A.c. 
A.D. 
B.C. 

.n. 

1th1n 
Total 

1 

2 

1 

1 

2 

1 
2 

1 

2 

95 
118 

2.378 
3.004 
6.753 
8.697 
o.808 
2.927 
2.570 
0.070 
1.7~ 
3.168 

1 

1 
2 

1 

1 

2 

1 

2 

1 
2 

96 
119 

2.133 
8.533 
5.034 
0.533 

16.134 
1.434 
4.801 
2.434 
3.333 
1.234 
4.233 

F 

1 . 18 

6.25(c) 
1 .27 
7.23(b) 

1 .17 

2.02 

1.19 

3.81 {e) 

All F-r tioa below 1 .oo re o t t • 11 hi her o der 
lnterac 1o re non- ignitic ( Gee p ndix D} • 

p = .001 
= .01 

(de) . 025 (e) p = . 10 
() = .05 ( .s. ) 
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Cqmpar1son of Score Patterns. 
One feature not commented on so far concerns the 

relationship between the scores on Test IA (initial learning) 

and scores on the remaining three measUI'ee . While pupils 

receiving Treatment R.E. gained generally higher mean scores 

than did pu'!111s receiving Treatment R.D. , there was a pattern 

revealed by the relative mean scores of each ~oup. Th 

children in the R .r . oond1 tion hnd mean ooores tor Test IB 

(retention) and II.A and IIB (application-transfer) hich were 

lower than the mean ecore for Teet I.~. In contrast, the 

children in the ~.D. condition, for the same teats, ha~ mean 

cores which were higher than the 1n1 tisl learning mean score• 

Figure 

C scal.e 

3 shc,,,·;s the contrasting p:ittern. 

101 

T 

T re.atmeot R..E . 
l"\;6·03 

6 
~550 

M=5·70 

5 / 
M=5· t6 

"1=4·qs 

1"1=4·65 
M=4-·7T 

4 Tre:atmd R. D 

ol 
IA nt-- I e, n B 

Occasion One 0cc o1on Two 

igure 3s R 1 tiv ocor on the tour t-te t 
in rder of 4m1n1 tr tion aeros time 
(adtj~sted means). 

ile the r eults have ported only th hypothesi 

ad ntage of Treat nt R. nt R.D. for initial 

l arning, the pattern ot r 1 tive cor 1 in accord th 
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the predictions. A ttpo t-exper1mental ga1n11 f'or , ethod R.D. 

has been noted in other studies, e.g. "littrock (196,3a). It 

has been suggested. that tests themselves provide a learning 

situation, but that does not explain why a dif'forent pattern 

was observed with method R.F . The obliterative subsumption 

argument pro9oaed by t usubel (1968) could wel l provide a sat­

isfactory explanation of the observed pattern. 

HYpotbPs~s 3,1 and 3.2. 
?Tull hypotheses 3.1 and 3 .2 cannot be rejected by the 

main analysis of variance evidence, as the :!?-ratios f or 

second-order interacti ons B x C x F (methods x styles x 

occasions),~ x C x E (methods x styles x objectives), first­

order interaction Bx C (methods x styles), and for cognitive 

style main effects, all fall below 1.00. It cannot, however. 

be claimed that cognitive style has no eff'eeta other t han 

chance infl uences, or that there is no interaction between 

preferred modes, different object 1 vea, and t e ching ei tua tions. 

Indeed, the significant interaction (F ~ 3.55, d.r. 2/96, p = 

<•05) bet een teacher, cognitive style and objectives 

(A x C x i) does uggest a dynamic in the situation hich is 

not easily explained. The teach.era ere imiler 1n many aye, 

1 though on a female, the other mnl • Thi is one possible 

factor, altho no s1gn1f1c nt interactions re noted etw en 

ex of pup l and teacher (A x D) ., 

Another poeeibility, in vie of the a1gn1ficant 

method x ob~ ctiv ( x ) fir t-order int r ction, i t t 
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ome subtle aspect of teacher style interacts w1th cognitive 

mode end objectives. An informal and circumstantial clue to 

such a possibility was observed in the pilot testing of the 

cognitive style instrument. Of the two claaaea used, ~ne with 

a male teacher had a high proportion of relational resgonses, 

while the other, with a female teacher, had a high proportion 

ot descriptive responses, the d1at t•1but1ons in each class 

being almost mirror images of one another. s the groups were 

not random arunplee, to dr any conclusion is, however, on1y 

speculation. 

Still another possibility emerged from the lysea 

of covariance. Main effects :f'or teachers, when I .0. variance 

was removed, were indicated for both application-transfer 

tests (F = 6 . 96, a.r. 1/95, p =--< .01, and F = 3 .11, d.r. 1/95, 

p = <•1 0), but not for the tests of initial learning or re­

tention, for i: hich method as a much more potent factor. The 

poesibility remains, then, thnt some teacher chnracteristice, 

be they t aching style or some other f ctors, inte~act with 

pupil characteristics to :fac111 tate the att 1nment of some 

objectives better than oth re. It hae been recognised that 

some interactions might be puriou 1y s1gn1f1oant, but 1n th1 

case, the ycholog1 1 p ue1b111ty of teacher e:ffi eta se ms 

autt1e1ent to be coneidered actual. 

Thn , while t null hypo the· cannot b jeoted, 

within the limits and ~at of this tudy it cannot b claim 

that cogni t 1 ve tyl ha no 1nflue • he error ter for 

cogn1t1 e ty].e,, and tor the co · 1t1 tyl - ethod interaction 

in the 1n sly 1 1 ol P ( pupil iance i thin 
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A x x C • D). .n xam1nation 0£ the data suggests that 

individual variability of pupils is itself a major source 

of influence (F = 5.47, d . f . S6/96, p = .001), and it is not 

surprising that cognitive style, ss one individual difference 

variable, contributes insufficient variance to produce an 

P-ratio which can be evaluated as s . gn1f1cant. This is also 

the case when the variance attributable to I . 0 . is removed 

by analysis of covariance. 

An un«nsn~cted finding: sex 4 trerencea. 
One result not predicted as the significant D x F 

(sex by occasion) interaction in the main analysis of variance 

(F = 4.33, d.f. 1/96. p = <:_.05). 

C scale 

10 l 
Boy5. 

6 M= 5·65 
)t- M= 532 

5 
~ 

X M= 5 -J(} 
M= 4 .q-3 

4 Girls. 

0------,-----------,------
0cca.sion 1 · Occasion 2 . 

~a....,_,_: Interaction ot x of pupils 
and two testing occa 1o. 

Sex diff renc w r lo ident 1n th two analyse 

ot covar ianc based test result fo Scieno Te t IA and 

Sci ce Te t n • both te t h v1 been dmini tered an the 

t1 t po t•te t occs ion. One lan tion 1 t t boys tend 



to be more intere ted 1n science than girls, nd o acor d at 

a higher level on the first occasion. This , however, does 

not explain the improvement 1n the girls' score on the 

second t esting occasion . The boys' scoree, wh11e remaining 

at a higher level t han the g irls', ah ed decrease at the 

second t est ine. Purthermore, when the means 1ere ad justed 

for r.~., t he differences between the scores were more marked, 

but still the same pattern or scores emerged. Figure 5 shows 

this pattern of adjusted soore , not as a true 1nte etion 

diagr am, but in y which shows the four tests and the 

relative ~orformanc ec af' the boyn and the girl.a. 

10 1 Boys . 

6 X 5.qz 
5·64 

X 
)< s.so X 5-51 

C scale 
5 >< 5·05 

X 't-·q6 X 5·02. 

X 4- ·57 

4- . 
c ;r\~ . 

ol 
loi\d 

i..,u ::rn',rig 
AP£ko\-~n-

Tn:in"' 12.r.(.l) "'2.t<Z.ntion Ap~ca\.oo-
11'.:lnstczr. ( i) 

t ture the f1 e 

between the 1n1 t ial l · rning a 

result• on Occasion On. It 

and girls 

1rror a1 pl y a 

th ppl1c tion-transfer 

ggeet rlier that 

T t IIA mi t be mor at 1ef' tory thnn Te t IIB. It thi 

1 o, much of the 1nter ctionnl ttern can be undereto 
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1n terms or the objectives measured by Teet II.A . The analysis 

of covariance for Test IIA provides a main efiect P-ratio ror 

e« which is highly significant (F = 22.78, d.f. 1/95, p = 

< .001). Thus, hile the main analysis of variance gives a 

significant D x ~ interaction, it is suggested that performance 

on one measure of objectives may account for the obtained 

interaction . It seems psychologically plausible tor boys, 

who are expected to display more 1ndei')endence than girls 

(K gen nnd T"oos, 1962) , to display thd.3 also in appllcat 1on­

trans:fer tasks, particularly 1n science. Cofer (in Ge.grlff, 

1967, p.138) reports Sex x 1ethods interaction, and, in his 

discuaeion, recognises the di:N'iculty of neking any conclusive 

interpret tion . t fUl'ther tentative explanation is thet re­

gression eff'ects a re operating differentt.'llly. The initial 

differences in man scores between the sexes are such that, 

it regres~ion to the me is to occur, only one pattern of 

regression is possible. 

CE. 

The control group • as has been st ted • external 

to the statistical 1gn. The functions of thi oup, in 

the invest gation , re to pI'OVide ch ck 1 t aocidentol 

factors (e.g. telev1 ion pr<>tn111mD!~s on the ci c topic), 

ag in.et pr ctice effect 1th thee edded it , 

1 t have b n re quir d, again t purio conclu 1 on 

ttitud ngea ~e1eu~ a by th ·attitud c 1 • 

d, should 

bout 

In the 
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end, the laat function was not necess ry, s little ttitude 

change occurred. t sim)le compari on of means of the scores 

on the five embedded items showed that little pr ctiee effect 

was operntinc; ns far rs the coI'!trol gronp wns co:ricerned. The 

mean scores r or the three occe.e1 ons, one 1n the pre-test, the 

other two in poet-teats, we:re 0.70, 0.90 and o.86 The experi­

mental groups' ocorea revea n d1f'f'erc~t attern. The mean 

scores of the two treatment groups, the first two meer1s of' 

which ere from tests answered in common with the control group, 

were 0.97, 2.33, 2. 36 and 0.93, 1.60, 1 .55 respectively. The 

control group showed a small, non-significant (t = 0.90) gain 

from pi-e-test to post-test. On the other hand, the four ex-

perimental clnoses alJ revealed ignificnnt gai (t' s r nge 

2.28 to 5,92, p's .05 to . 01, a.r. 1/58). It seems reasonable 

to conclude that such gains as ere observed 1th the experi­

mental groups arose ae a result of the te ching, and not thN=n:tn 

extraneous irif'lue ces. 

,7.'EST S POR I IDEi?RNDErCE OF TR~.AT!RNTS. 

The analy 1a of arie.nc pro~ced F-r tios hich 

indicate no significant differences between teachers, but ~id 

1nd1c te v ry significant t 

tent can th tre t nt b 

tment difference • ·To What ex-

rded independent? The null 

hypot si fornru.latcd to guid the te ting of in ependen of 

tr t nt is g1 ven below: 
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2.5 There will be no differences between Treatments 
R.D. and R.P. in percentages recorded on 
Categories 4, 5, 8 and 9 of an ~midon-~landers 
Internction-hnnlys1s o:f teocher- pupil behaviour. 

The coded obaervationo for each teacher, in each of 

the treatments, were combined in ork ·1atrices (aee Appendix 

~) to pive matrices for each teacher, each treatment, for 

teacher acroso treotmente, and for t reatments across teachers. 

It 1s the latter matrix which is at present being examined. 

The caterroriee for interaction analysis are summarised below. 

Category 10 includes, for this otudy, pupil practice and 

manipulation, and problem solving with equipment. 

summary of Cptegoriel tor Interaction Analpig. 

1 • 

2. 

4. 

~cceryt§ feeling: occente and clarifies the feel ­
ing ione of the students in a nonthreatening 
manner . Feeling may be positive or negative. 
Frcdictine or recalling feel1ngo is included. 

~raises or encQUrogea: praises or encourages 
student aet1 on or behaviour. Jokes th.at releace 
tension, but not at the expense of another indi­
vidual. , !:odding head, or saying "um run?" or 
"go on" are 1ncluded. 

\ ccept§, cla~ifief or uses ideas o~ studonta. 
clarirying, ~ulld ng or developtnr' ideas sugges­
ted by a student. Ae teacher br1ngo more o'f' hie 
own ideas into play, shi:ft to Category 5. 

1'ska gue,ationa: asking e question about content 
or procedure with the intent that a student answer. 

-
5. . Lecturi~ giving tacts or opinions about content 

or proce reG; expressing ®n ideas, asking 
rhetorical questions. 

6. Oi~ing directions: directions, comanda, or orders 
wiTu which n student is expected to comply. 

Criticising 01;Jtiet~S auth9vttz: statements 
!ntenae to c nge a udent beha. our :from non-
ncceptablo to ncceptnble pattern; •bawling 
someone out'; stating wcy the teacher ie doing 
what he 1e doing; extreme self-reference. 
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8. 

10 . 
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~tudent ~alk - response: talk by students 1n 
response to teacher. 'reacher 1nit1atee the 
contact or solicits otudent sta tement. 

Student talk - ffit1ation: talk by students . 
which they inltia e. If " ca1 l ing on" atudent is 
only to indicate who may talk next, observer must 
decide whether student wanted to talk. I:f he did, 
use this category. 

Practice and problem eolv~: group work, mani­
pul~ tion o~ npparntue, acivity following teacher 
directions or questions. Includes pauses, short 
periods of silence, and periods 1n which coilDlluni­
cation cannot be understood b~ observer. 

In total, 2397 obeervationa were coded (1277 for one 

teacher afld 1120 for the other), one thirty-minute tape being 

loot due to f'nilure o'f tho recorder. The totals, percentages 

and the eif:;nif1cance of differences between percentages 

c~arrett, 1958, pp .235-238) are tabulated below. 

R.E. 
(totals) 

n.n. 
(totals: 

R.E. 
(%) 

R.D. 
(~ ) 

TABLE XVIII: DIFFER'!;'fW'SS 1' •T ~F'N TR-::'J,TMF.!'-.'"TS : 

1 

5 

18 

0.45 

1.45 

PRRCFNTAGFS FOR TFr CA 7"'~,.0~J:r;:S OP .AN 

I\MIDO~:r-FJ .. AIID"FRS INTrn1\C':'ION ANALYSIS 

I 

2 3 4 1 5 6 7 I I I . 

48 29 1 116 651 24 9 
' 

107 34 287 ~ 134 8 

4.16 2.52 10.06 56.46 2.08 0.78 

8.64 2.75 23.18 7.59 10.82 o.65 

a ' 

37 

103 

3.21 

a.32 

91 1C 
i 

77 16:! 

154 29S 

6.68 14.11 

12.44 24.1! 

t i(1.0 ~.533 ~ 1.0 s .747 ;!6J+16 s .793 c:::1.0 p • .544 t.J,.881 6.3~ 

p N.S. I .01 N .s. .01 .01 • 01 B.8. .01 .01 

(N tor R."'<! . = 1159; tar R.D. = 1238. Total 2397. 
Because ot rounding-oft et~eote with decimals dur1.ng 
calculations, porcentases do not total 100 enctly.) 

.01 . 
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The e1gn.1.fioant differences betv,een treatments in 

Categories 4, 5, 8 and 9, at the .01 level, are sutticiently 

different :from chance pl'ec.'11ctiona to support a rejection of 

the null hypothesis. \71 th furthcl' evidence arising from the 

non-signi:ficont main effects :rrom teachers 1n the analyois ar 

variance, 1 t rmy be argued that the treatments were indeed 

independent. A feature of the table is the sharpness of the 

dietinctione made; no category ~alls between the one pole o-r 

non-s1gn1f'1cance and the othe?' of marked e1gn11'1cance. some 

of' the distinctions apparent in the table were not predicted 

by the hypothesis, but are ·mderetandable in terms of the 

treatments. Treatment R. D., by de:finition and obsorve.tion, 

is characterised by a great many question and answer sequences, 

and hence provides many opportunities for praise and encourage­

ment. The problem eolving activ1 ty is shown by the percentage 

(24.15) 1n Category 10. At the same time, many or the princi­

ples to be derived 1n Tr eatment R.D. were explained and demon­

strated 1n Treatment R. ~., ~ollowod by practice (14.1 4 ~ in 

CategOl'Y 1 o). The non-eignificance of d1f:f'el'ences 1n Cate­

gories 1 and 3, and in teacher juot1t1cat1on (Category 7), 

suggest, as was hoped, that the teachero were generally similar 

in WBrmth and supportivenesa 1n both treatments. 

Additional data giving substance to clni.ms tor the 

independence ot the treatments were gained rrom a tench1ng 

pattern analysis of the major moves. Following the cri ter1a 

and rules 1n the T.;AchiPB ttern Annl.Yeis Hnqual (Amidon and 

Aa14on, 1967), the work matrices were emminec! and thPee-step 

major teaching moves 1dent11'1ed. For Treatment R.E., the 
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matr1cee tor both te chere showed the pattern 5 - 4, 4 - 8, 

8 - 2; 1.e., teacher exposition, followed by a teacher ques­

tion, with the pupil response being, 1n turn, followed by 

praise or encouragement. For Treatment R. D., the first three 

steps 1n the major move covered the same thl'ee cells with 

slightly different emphases. The cells were l~ - 8, 8 - 2, 

2 - 4; i.e. teacher question, followed by pupil response, 

teacher praise, and then a :f'\utther teacher question. These 

msjor patterns are consonant w1 th the cr-1. teria defining the 

treatments. 

The midon-Flenders 1 an instrument for which good 

reliability is claimed, with trained observers. However, there 

are many subtle interchanges which ar not included in the sys­

tem, and, furthermore, it is based on an obse1-ver' s frame of 

reference (cf. ;·.'estb'lll'Y, 1967-68). This study did not make 

provision for a pupil-report instrument cross check. 

There were some signs that this ould have been valuable. For 

example, the interaction analysis data suggested (non-signif­

icantly) that Teacher One was a little warmer, a little more 

positive 1n approach to children than was Teneher Two. An 

lgebraic addition of the oe1tive d negative changes ot 

direction 1n attitudes between e- and po t-t tinge gave 

ao slight eVidenee to su that the J7llp11 1ght have 

41tter nt perception. Th 

survey is ry ten 1ve 

Vid from the Pupil Opinion 

cauee oft 

on the tnstrum nt; rem~l!1e ion eft ct 

tial me sure. for d1rec-t1 1 cbang • 

tsb111ty of the cor a 

could count , in ub 

'?be ov 

tr t 1n e t1on analy 1 t , n verthel e , 

J.l results 

m 
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suft1c1cntly cl ear to confirm the claimed independence of the 

treatments. 

Re:tercnce has already been me.de to the fact t hat the 

F-ratio 1n the mnin analysis of variance for teacher main 

effects was much smaller than 1.00. The non-nign1f1cance of 

teachers !l:i a source of.' variance is regarded os supporting 

the null hypotheaie (2.5), and, tlms, tho research hypothes111. 

The uork m.atricee :rrom the 1nteract1on-omlys1s were combineo 

to give category nercentagoe for each teacher across troatmento. 

The t-value for each of the ten categori cs fell belO'.'' 1 .oo in 

each case, and failed to roach the criterion of significance. 

There wao, then, agreement between the anolysie of varinr.ce 

data and the observations coded 1n the interaction-analysis 

system, supporting the null hypothesis conclusion indicated 

above, and nroviding some indication of the validity of the 

teacher observation method uood. The Ja~k o~ statistically 

o1gn1ficont differences between the tenchera is seen as con­

:t'1rm1ng the use of trained student teachers, rather than 

experienced teachere, 1n the experiment, since no "method 

reversion" tendencies ere apparent. 

However, while there 1s considerable evidence tor 

teacher o1milar1ty 1n the min ano.lye1e of variaIJCe, the 

1nteract1on-amlye1a data, and eix ot' the eight additional 

anal.ysea, eome diacrepnix,y was observed in two of the analyses 

at covariance. When I.Q. waa oovaried, tho analyses tor the 
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two aprlication-tra~srer tests showed inci-eased min ettects 

tor teachers (Test IIA, F = 6 .96, d . f. 1/95, p = . 01; Test 

IIB, F = 3.11, d.f. 1/95, p = <.1 o). At the ssme time 1 

treatment main e~fects decreased, and main effects attribu­

table to the sex ~ pupils, particularly i'or Test IIA, 

increased. i~onctheleos, the teacher-by-eex-oi'-pupil inter­

action ·,•:a s r..on-eignif'icant. (F = ·< 1 .oo in each case). Such 

results are not easily interpreted. mong possible explana­

tory factors might be sugf'ested the sex-dif:f'erences in I. • 

noted by rnley (1569, pp.140-145), while re-standardising 

the Otis test. It is also possible that some subtle aspect 

or teacher style facilitates the achievement~ some objectives 

more than others ( see p .1 52) • The eignif icant A x c x E inter­

action in the main ar...alysis of variance 1a not incompa. ti ble 

with this poos1b111ty • .l\ third possibility is that, given 

similar general ab111 ty, boys are wore likely to aeek to apply 

and transfer their kn ledge than ere girls . The boys' ad­

justed mean on Test IIA w 5.92, the g irls' 4 . 57 (see p.154). 

Although some qualification has been made• the evidence 

overall ~or consistency betw en to cher, 

indepen:lence of the two tre tments, has co 

s ell as f' or the 

1der ble strength. 
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D!8CUOSJ o~; nro Q;T-:1-i'='PJ\ L 

QOr CLDSIO s 

SU.P'ft.RY CT T:r, rr~-i:rr,'STIC.I\TI01'T . 

The present investigation was concerned vith the 

possible interaction between three cognitive styles 

(descriptive-,mnlytic, categorical-inferential and relational­

contextual) and two teaching methods {rule-e:xi,ls.1ne(! and rule-

4er1ved). Three groups of hypotheses were formulated. The 

first group postulated sex-differences in cognitive style. 

Boys were expected to make more descriptive responses than 

girls; girlo ere expected to make nore relational responses 

than boys. The second group pooited dif:.. crential achievement 

of objectives for the two teaching treatments. ,.!ethod R . E., 

it s proposed, OUl.d 1 ad to higher ini t.ial learning scores 

on e teot of lrnowlcdge and understanding; method n.D. wo.a 

expected to load to higher s cores an tests or npplication­

transfer; and neither method s anticipated to produce 

better retention of ledg e and underotanding than the other. 

Two hypotheses were a eubset of the second group, predicting, 

pectively, no differences bet en teacher-a as indicated by 

poet-test eoores, and 1gni:t1 t di:N'ere a be n treat-

ments on Categories 4, 5, 6 and 9 of an Amidon land re 

Inte ction- naly is. The thir-d group of bypothese pos1 t d 

1ntersct1ons between th cognitiv t~ 

ethod • pile hoe pr ~err tyl 

and th t · Ching 

d scri1>ti w r 
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predicted to score more h1;hly than other on past-tests, 

e:rter receiving Treatment R.D., while pu~ils whose preferred 

mode was relational were expected to demonstrate more 

ef'f'ective learning under Treatrtent R.E. 

The subjects, assigned at random to cells, ere 

equal rmmbers of boys and g1rle: r, ho had scored t a Stanine 

l.evel of' seven or higher on one category of a epeeially­

conatru.cted, cognitive style instrument. 11 :rere Form I 

pupils from a city !"orme.l Intermediate School, and, apart 

from the high score3 made on the measure of conce tu 1 styl , 

di played no ehnrncter1st1cs 1h1ch ould make them atypical 

of other children of their age . (tean age 143.62 months, 

mean Otis I. r . 112.55). In all, 120 children (60 boys and 

60 girls) iere assiened to the !'our experimental classes, 

together with "!fJ to a control grcuy, and n further 30 to 

reserve group haVing the aa basic canpo 1 tion (5 p.ipil.a 

x 2 sexes x 3 cognitive atyl ) as the other classes. 

Selected second-ye r Teachcra College students 

studying science were trained over a period of three months 

to act as observers and teacher • Tho experiment l te c rs 

(one male, one femle, of similar ge and ability} ere tr ined 

to teach both thod • ach t ught t o cl sees, ( ne b ch 

method), g iv1ng t f1 y-minut l on to e ch cla a. 

content t rial, clo ely r 1ated to the sent orm I to 

rv science curriculum, was the concept o:r tabili t , with 1 t 

ociated principl • T or y, c sroo , a the 

orc1 1n which the le 

1ntain qu1valenc et e 

taught, 

oon41t1o 

11 cro eed to 

• C 1ng ot 



eixty percent of each lesson provided data for the test of 

the hypothesised treatmen~ differences. 

An experimental design wns developed which resembled 

a 2 x 2 x 3 x 2 x 2 x 2 factorial experiment, with teachera, 

metho~s, cognitive style, sex, objectives, and occasions 

being the six factors. 3c0res fran different pupils were 

obtained for d1f'ferent lovels of teacher, method, cognitive 

style and sex, while ecoree from the same pupils were also 

obtained for levelo of objectives and occasions. Pupils 

therefore were regarded as an additional factor nested with­

in teacher, method, cognitive style and sex, and crossed with 

objectives and occasions. The basic models from which this 

design was developed are reported in Lewis (1968). 

Four dependent measures were constructed to provide 

data on the achievement of two levels of objectives (knowledge 

and understanding, arr:l application and transfer) on two 

occasions (the day follow1Jlg the C<Xlclueion of the experimen­

tal teaching, and fourteen days later). All poot-teats were 

administered 1n the school hall, to all subj ecte at the aame 

time, so equalising the conditions of testing. 

Scores fran each dependent measure were J'l0r1Dalised, 

uains c-scale units. These scores became the dependent 

measures 1n the experimental design, each score being claee1-

1'1ed 1n eeven 1raye1 i . e . ae belonging to a particalar teacher, 

method, cognitive style, aex, objective, occaeion and pupU. 

In aMition to the main analyaia at variance, an 

anaJ.ya1e of covariance (with I.Q. covo.ried) and a eupplementary 



anaJ.yeis o:f variance were conducted w1 th each dependent 

variable 1n turn. 

SID.P1ARY OF THR Fnmn101. 
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1. Hypotheses 1.1 and 1.2, p?'edict1ng sex differences in 

preferred cognitive style, were supported by the obser­

vations. Boys 1n the Form I population in the experimen­

tal school made s1gn1fieantly more descriptive responses 

than did the girls (t = 3.890, d.:r. 300, p = <.001). 

The girls 1n Form I in the school made significantly 

more relational responses than did the boys (t = 3.255, 

d. f . 300, p = < . 001 ) • 

2. Hypothesis 2 .1 predicted higher initial learning scores 

:for pupils recc1Ving Treatment R.,;:. than :f'or those 

receiving Treatment R. D. Significant di:rterences between 

the means in the direction postulated permitted the acc­

eptance of F.ypothes1e 2.1 

3. Hypothesis 2 .2, predicting higher scores on tests of 

application-tranater :ror pupils taught by Treatment R.n. 
s canpared with those taught by Treatment R.E., le 

rejected, as the mean ditterences re no greater than 

would be expected on the basis of chance lone. 

4. Hypothesis 2 .3 predicted no d1tterenc 1n re ten ti on scol'ea 

bet en the two tre tments, but ia rejected. The obtained 

ditterences eNS significantly 1n t vour o~ Treatm nt R. E. 

5. Hypotheses 2.4 and 2.5 were conco1nitants of the experi­

mental design. The tormer, IJl'oPOIJing no c!ifte.rences 
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between the teachers ae measured by post-test scores, 1e 

conf 1.rmed by the evidence ti-om the main analysis of 

variance and six o'f' the eight subsequent analyses. The 

latt er, which posited significant differences between 

the treatments, 1e also supported by the data from the 

interaction analysis. 

6. Hypotheses 3.1 and 3.2 were central foci 1n this study. 

They predicted 1nteroct1ons betvreen cognitive styles and 

teaching methods. The first hypothesised, tor pup11s 

whose preferred mode was descriptive, better post-test 

pertormance under Treatment R.D. than under Treatment R.E. 

The secaid predicted better poet-test performance f ollow­

ing Treatment n.~., in contrast to Treatment R.D., f'or 

pupils whose preferred mode was relational. Neither of 

these hypotheses can be supported by the evidence o'f: the 

investigation. 

7. One f'inding not predicted wee the sex x occasion inter­

action in the main analysis of variance. An interpretation 

ottered was that, while girls performed tairly consistently 

on the tasks involving knowledge and understanding, they 

did not perform as well, relatively speaking, as the boys 

on the tasks involving application and trans:t'er. However, 

it was also suggested that regression ettects couJ.d have 

occurred, acting diff'erent1ally, to produce an apparent 

rnther than a real interaction. 
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Dift;USf'ION &'"ID rer·~L COiWLUSIQHS. 

The major research question for which nn answer was 

sought 1n this study concerned the interaction of cognitive 

style and two teaching strateg1ec, believed to be common1y 

employed in rew 7ealand schools, in the teaching of' science. 

The evidence from this investigation does not indicate that 

cogn1 ti ve stY'le wae a major :ractor 1n the learning of these 

children, 1n this experimental situation. It cannot be claimed, 

on the other hand, that cognitive style will not be an 1mpor­

tant factor 1n other eituations, with other content, with 

different age groups. That other 1nd1viclual ditference 

variables were operating 1a apparent when the highly signifi­

cant Pupils within - A x Bx c x n interaction is considered. 

The use or I .a. ao a covariate in the analyaie of covariance 

has little effect on the variance contributed by cognitive 

style, although 1 t did in this way cont'irm the relative inde­

pendence of conceptual mde f'rom general ab111 ty as defined by 

the Otis teat. 

The stab111 ty o:r the defining measure, and the sex­

different patterns revealed by the scores, seemed to auggeet 

that the instrument was reliable, and was measuring the same 

dimensions with some consistency aver time. The validation at 

the inetrament on two grounds (the pattern of sex ditterences, 

and, tor tho experimental groops, extreme responao eete) rests 

on the extent to which the obeervntions are 1n accord with 

Kagan•e earlier :t'1nd1nge, e.nd are consonant with those which 

can be predicted by extmp01at1on fran the hypothetical cons­

truct. The argument o:f coherence does appear to be reasone.ble 
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1n view of the obtained results. Consequently, it is assumed 

that individually consistent conceptual styles ,,ere 1dent1t1ed 

and manipulated. 

I't the styles are accepted to be pre:ferred modes, it 

is not entirely unexpected that cognitive style interactions 

and main e:ffecta rnil to be manifested. The strong eff ects 

or the teaching ti-eatments, the highly significant individual 

difference tactors, and the complexity as well ae the novelty 

of the si tuatian, provide, along with other dynamics, a nexus 

c,t Tariance from which to partition cne variable may have been 

to anticipate too much. The lack of def1n1 tion in the f"indings 

concerning cognitive style may be a consequence of e1tuat1onal 

dominance. ''.'achtel' s (1968) :findings support such a view. 

Katz (1968, pp.233-238), investigating the role o~ irrelevant 

cues in the formation 0£ concepts by lower class children, 

concluded that "reflection was not a general response charac­

teristic, but rather one that wao a ppropriately related to the 

etimulus characterietics of the taek." .~nd for this study, 

the stimulus features were complex, and, apparently, very 

strong. Uore precise exper1men1B in better cCl'ltrolled si tua­

tions may, nevertheless, demonstr te preterred cognitive mod.es 

aa s1gn1t1cant 1nd1v1clual ditfei-ence variables. Even w1 thin 

this investigation, some tentative cluee are f'ound in the 

A x C x E interaction 1n the main analysis, in the analysis 

o~ covariance interactions Ax c (F = 2.11, d.f. 2/95, pc 

.10), and Bx C (r a 2.19, ~.f. 2/95, p = <_.20) 'tor 1n1t1al 

learning scores, and in the supplementary analye1e ot nriance 

Ax C interaction (Fa 2.50, d.f. 2/96, p = .10}, also tor 



170. 

initial ":1.earning. i·then the d pendent measures were ca1Verted 

ton common acnle to g1ve a measure at attainment 1n science 

ba ed on t "1.o experimental lessons, a direct 1onal (non-

1gn1ficantly different) range of means waa observed (des­

criptive 5.56, categorical 5.24, relational 5.01). such 

indications are, however, slight. The limitations of the 

dependent teete and, Possible t the couseness of the C-scale, 

may have acted to reduce the accuracy of the observations 

and the precision or the analyses. 

While a ot caution must be exercised 1n 

considezting the cognitive tyle r1able, a little more 

assurance may be :f'elt regarding aome of the findings for the 

treatment variables. The ~sults 1n this investigation 

indicate that the expository-type procedure was superior to 

the rule-derived-with-guidance procedul'e for initial learning 

and retention, as measured by Teets IA and • The two test& 

were designed to measure perfo ano t the knowledge-under­

standing level. On the other hand, the rule-explained-and-

· demonstrated procedure ahow_d no 1gnif1 t superiority over 

the R.D. t ent a far scores on Te ts II end Im 
(application-tr fer) wer concerned. le th t t1 tical 

evidence , eom qualif'icatio ar nee as r:,. 

The fir t qUQlif'ic tion 1 te to di~riculty t 

1n ti 

r rt 

wh ther to e 

e r n h 

crit rton. 

with number of th r.e e rch tud1es 

ch, 1966, p .83-84) • The di ficulty 1a 

te time bet een t ent , 1n tb 

ort , or to tr 1n both u to tho e 

tt r c been adopt d; n: ~ r of 
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changes. both in experimental design end results, would have 

been likely consequences. The discrepancy between the 1n1 tial 

learning scores at the two gl'Oups was such that 1 t was un­

likely that pu9ils in condition R. D. could have gained 

similar retention scores to thoae in condition R .E . 1' second 

qualification relotes to the post-tests. The within-cells 

varinnce of the rrupplementary analyses of variance retlected 

the rooderate relinbility of the instruments. The extent to 

which I.Q. wna a source or error variance was shown by the 

reduction of the error terms in the analyses of covariance. 

Thus, while the poet-tests were less thnn optimal, the value 

of' analysis of' covariance in 1ncreaa1?".g the p recision o£ the 

statistical design is demonstrate~ in this experiment. The 

third qualifiention is again related to an issue Cronbach 

(ibid.,) has rniaed in c0l"l..nect1on with the logic of experiments 

on discovery - the need for long-term investigations 1n the 

fields of curriculum and teaching mE1thodology. In the study 

under discussion two teaching periods on1y, (one hundred 

minutes of teaching) is a. limiting ccm.dition. "Educational 

development comes through cont inued instruction with intellec­

tually significant subject matter and that is what we should 

investigate." (ibid., p . 90). In spite o'f' this last qual11'1-

oat1on, the statistical evidence provides clear indications 

of quite marked ettecte fl'Om such a brief period of 1netruc-

t 1on. 

The pattern of the mean scares between the two treat­

ments has sane theoretical end research support. .Ausubel, 

on mny occasions (e.g. 1968) bas argued tmt as the cubsump-
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tion process continues with the integration ot new material 

into cognitive etructure, there mny be sone loss of spec1~1c 

detail. The decrease in the magnitude of the means from 

initial learning to retention, under Treatment R.E., is, then, 

consistent wit~ a theory of meaning:f'Ul reception learning. 

On the other hand, the means for Treatment P. .D. display a 

reversal of the pattern, increasing in magnitude. /a number 

of research reports (e.g. Wittrock, 1963a) have referred to 

.,poet-experimental gain" with "mini.molly directed" groups. 

The retention and application transfer scores in this inves­

tigation exceeded the initial learning scores for the pupils 

in condition R.D. 

The findings do not provide grounds for drawing 

concluaions about which were the major method varinblcs. 

The general sequence ("·orthen, 1 96&) for each treatment was 

the same, although there were systematic within- phase d1~f ­

erences. - ach treatment contained a large number or "1nstan­

t1al moves" (r uthall, 1966). The general set di:rtered for 

each, ae did the amount ~ manipu1ati on, practice end teacher 

talk. But , 1n this etudy, it is not poseible to point to the 

prepotency of' any one within-method factor. 

rihile the findings reveal differences between methods, 

the interaction between methods and object1vee was not only 

significant stat1et1eally, it ie also or interest pract1cal.l.y. 

It was argne~ earlier (p.97), that objectives were independent 

variables occupying a position of primacy 1n any teachirlg 

enterprise or model. The results do not contra.diet the 

contention, and, to en extent, they justify the inclusion ot 
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objectiv s as an independent variable entering into the main 

analysis of variance.. .A f'Urther gain, not predicted but 

resulting from the design, wae suggestive of a difference 

between the sexes in regard to objectives. The girls appeared, 

relative to their within-scope performance, to be less success­

ful on the extra-scope tasks of application and transfer of 

Test IIA . The converse was observed f'or the boys, who were, 

rel tive to their within-scope performance on Teets IA and 

IB, more euccessf'ul on the tasks of Test IIA. However, this 

observation needs further testing before any definite cl 1me 

can be m ~e. 

It was not the intention of this study to attempt to 

establish the advantages of one teaching method over another. 

The method hypotheses l'e postulated in the belief' that each 

method had 1 ts p rt1cular contribution to make 1n the achieve­

ment or dit'ferent objectives. "lhile only one or the hypotheses 

wao con1'1r~, the gener 1 ttern of obtained scores was 

consistent 1th predictions. 

To what extent can degree o generality be claimed 

for any of the findings or th1 study? .A pilot study, th 

1nve ti tion ha.d an explo toey orientation rather than one 

seeking definitive concl.us1on • Furthermor , a nunt>er of 

re trictions have been sugg ot d 1n variou places in th 

rePort• cons qu tly, t conclusion h roffer d a 

having some g e 11 ty beyond e limits o the · xperim t l 

bounda~1e are • !nsof r a the ch!+di-en 1n I at 

t experiment eho 1 be regard d r re ta ti v o 

t1r t•ye r inte d1 te chool Children. in z lan4, it 
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does eeem, with this age group, possible to identify one set 

of cognitive style ve.M.nblee which shows a degree of etab111ty, 

and manifests d1N'erent response patterns between the sexes. 

The pattern found 1n the study is similar to that :tound by 

Kagan (1963,1964) and others (e.g . Sigel, 1967) 1n American 

children. J'\ t the same time, it seem.a probable that cognitive 

style as a preferred mode i s, in ony specific situation, con­

tingent on the extent to which stimulus properties demand or 

evoke any particular style or intellectual tunot1on1ng . 

A second general pN>poo1t1on ottered ae an extension 

of the :t1na1nge of the tnveetigation is that the choice of 

teaching method, or combination of methods, is one major 

factor ~ec1d1ng the extent to which particular objectiveo 

and classes of object ives will be achieved. In this study , 

as 1n mar..y others (e.g. 'Vorthen, 1968; Keroh, 1962), t he 

expository procedure wae the more effective means of fac111-

tat1ng the attainment of the more immediate lmO\Tledge and 

understanding objectives. The assertion ie not unqualified, 

for the method used and the objecti vee set were thoee which 

were considered apPl'()printe tor the particulor group of pupils. 

In addition. mo.ny factors 1n the teaching situation attect the 

attainment of' objectives. For example. teacher style (Heil 

et al., 1961) • learning style (Tallmadge and Shearer, 1969), 

the interaction of leamer charecteriat1ce and 1netl"Uct1onal 

mo4e (Ripple et el., 1969), leemer ab111 ties (Dunham and 

Bunc!ereon, 1969), are but a ter, at the recently reported 

tactore. A factor not discussed ie the etf'ect or pupil tam-

111ar1 ty 1th e. particular teaching approach or- set of 



approaches, which may conceivably have influenced the 

findings or this study. 
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It ie unlikely that any simple method of instMlction 

can be found to servo all major cognitive g oo.ls . The teaching 

procedures emp1oyed 1n the experiment reported in this thesis 

were not equally ef f ective 1n enabling pupilo to achieve two 

classes or objectives. Treatment R.E. (an expository type of 

teaching) led to higher scores on tests or knowledge and 

understanding, but, relative -to these scores, scores an teats 

of application and tN1nefer were lower. Treatment R.n . (a 

guided-discovery t y-pe ot teaching) led to a pattern o~ scores 

which eh.owed gains on tests or a pplication and tranafer as 

comp8red with scores on the initial test of knowledge and 

underotanding . Ji. comb 1.nat ion of the two methods may have been 

more effective overall than was either one alone. J ohnson and 

Stratton (1966) compared tour aingle methods of teaching 

concepts with a mixed method, and round the mixe-.1 method best 

on all criterion teete. The tour sitlgle methods WON about 

equally ·e:rrective. Ieith and t5cHugh. (1967) tound an exposi­

tory theory paeoage 1n a mediating position to be most 

ett1c1ent :f'or a d1t.r1cult conceptu.ol task. They conclude 

(p.116) that the place of theory " ••••• would eeem to be 

after leaming or particular concepts re.ther than before 

them, especially when the more difficult exempl~ ie given 

tirat." However, there was a eign1t1cent order ot presents-
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tion x ability level interaction which moderates the conclusion. 

It is auggeoted that teachers experiment in their own class­

rooms with varying comb1ne.t1ona o:f" expos! tory and inductive 

teaching. 

A further implication lo related to teacher education. 

It was possible to train ten student teachers to observe and 

teach two quite distinctive methods . All of their education 

course tor one term wae taught through the training programme, 

1n the context of a oarticular resenrch tnek. The reaul to 

indicate that the experimental teachers were able to employ 

both methoda without confounding them. Intol'mfll conversation 

w1 th the group ot: atudento left the strong 1mpreaa1on that 

they l'nd gained confidence in their teaching ob111ty, 1n 

ability to plnn, had understood and were able to apply a 

considerable body of' learning theory. They revealed consid­

ernble interest in pursuing their individual investigations 

1n science, in cognitive style, 1n attitudes to science and 

1n regard to the appropriateness o:f" different methods w! th 

individual chil&-en. It 1s, then, suggested that involving 

students in research and S11rvey enterprises may be a bene­

t'ic1al approach in teacher training. 

FURTHJi:R W§RARQH. 

An exploratory stuc:1y, by de1'1n1t1on, must lead to a 

nuut,er ~ euggestione concerning f\lrthel' research. The 

research areas which appear .f'l"llittul for inYeatigat1on as a 

continuation ot questions which emel'ge~ from the eJtperiment 

reported here, are grouped tm.der t our headings. 



1. Rw1~1xa style. 
There appears to be a need for longitudinal studies of 

cognitive styles, not necessarily confined to the one 

construct, and possibly related to both P1aget's theory 

of intell ectual development (particularly the concrete­

abstract continuum) and to a personality theory similar 

to that of Harvey, Hunt and Schroder, one which related 

perception, cognitive cost and self concept. SUoh a 

study would b cancemed with poosibl.e situational 

determinants, and e pecially l 1th the influence of 

teachers on preferred conceptual mode • Are there mark d 

changes in conceptual atyle at certain periods 1n a 

child's l ife . To what extent are they related to change 

of teacher or other factors ? If teachers are influential 

in effecting such changes, are the changes related to the 

teacher's own personality or own cognitive sty.Le? Or are 

they, lternatively, so :!\mction of teaching style? 

These a.re among .re earch prob le DE hi.ch 1 t ould se m 

profitable to explore. A 1."urther aspect of the cognitive 

tyle con truct s tudied 1n t pre ent inve tigation wa 

slight clu that the relet1 ve balance betw en the three 

modes might b ortant s the e1ght1ng ttached to 

the do 1nant one. This, t ether with a tudy of h1ch 

stimulu pitt mo t nd to evok hich tYPe of cognitiv 

nee styl , 1 oth pot nt1 1 tudy. A pec1f1c 

qu tion for !'Urther invee 1 tion is the ?"elat1onship 

b·-"- pon e et an ot r cogn1 ti ve d 

charnc 1'1 tic • 
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2 • Ind1rtdyal Di:t'fer,encsza. 

The variance attributable to pupils within the interacting 

matrix of' pupils, teacher, methods, styles and eex was ot 

considerable strength 1n the major analysis o:r variance. 

Neither Otis I.e . nor cognitive atyle accounted :f'or other 

than a port ion of this vnriance. Sex, however, was a 

factor interacting with teacher and objectives. It was 

suggested that boys might trana:t'er and apply learning 

more ·readily than girls. such a propoei tion requires 

f'ul'ther testing. When I.Q. wae covaried, sex appeared as 

a factor having a1gn1t1cant main effects. Purther reoearch 

on the relat 1oneh1p between sex and the achievement o-t 

objectives, between sex and learning variables (other than 

science content, for example) and between sex and s chool 

learning wit h I.n . controlled, would appear to be valuable 

enterprises. It le hardly necessary to recomnen~ further 

investigation to identity 1nd1vi<!ual differences beyond 

intelligence an~ cognitive styles. Cronbach (already 

cited) hos suggested that the potent :f'actore may be non­

cogn1t1ve. The contention is not denied, but the task ot 

identifying the important variables remains. Until thia 

ie accomplished, attempte to develop a comprehensive 

theory o:r instruction may be limited. 

3. T1ach1ng strntmea. 
Inao:f'or a c Gitterent objectives are achievec1 to d1t'f'er1ng 

extents by different teaching proceaurea, further investi­

gation Cll tho cost apprc,priate combinations ot erpository 

and inductive instruction to achieve multiple com!tive 
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ob3ect1ves should be initiated. Further studies 1n which 

amount of guidance is varied, or 1n which -procedures are 

compared, might advisedly be over longer periods af 

instruction time than the one-hundred-minute-span of 

this experiment. A res rch programme dealing with var­

iables of task-presentation (e.g. cues, set, sequence, 

practice, form of presentation) with ta k cha.l'aoter1et1e 

and with teacher tun..:tione could be developed. It is also 

uggested that research on 1netruct1on cou1d be conducted 

at two levels of analys1 eimul taneoualy, the gestalt and 

the analytic. It was not possible in the present inve -

tigation to 1dent1:fy which re the major within-method 

variables. An additional recommendation is that attempts 

be made to measure multiple outcomes, cognitive and 

affective, for a range or teaching procedures, holding 

content and pupil eharacter1st ice constant, or varying 

certain IUPil charactel'i tic systematically. Bueh a re­

search programme would be exploratory, and rather open­

eDd ed, but would , it 1e believed, contribut e to the 

4evelopment of a theory at teaching. 

4. I • 

A 41:N'icuJ.ty in m..,U'lii.UAl·ins multiple outcomes 1s 1n lo ting 

and developing instrument hich are suffie1ently na1t1ve 

to discriminate ubtl c with gr t r pr o1e1on than 

chieved 1n •hi tu4.v • A n d for meims to a ure 

tt1tude chang , elf'-oo dtti ti affectiv 

re ul t1ng tra chool l ming, is appar nt. 

co tr ti , testing end r intng 0prt 

C le 



APPENDIX . . ( It: STRtJl@ T§ ) 

A.1 Administration: Triad One. ( nith tests and 
answer sheet) • . 

A . 2 Administration: Triad Two. ('."1th test and 
answer sheet) • 

180. 

i ence Teat - Force, ork and ~ergy. 
(:'1th test). 

"dm1n1etrat1on: 

A .4 1\dm1ni trat1on: Post-tests. (':, 1th the :four test ) . 

A.5 Criteria for Science Test Im - e r ring O~ide. 
( ·1th Control Gro1p tests). 

t . 6 ~dm1n1etrat1on: Pupil Opinion Survey. 
( "1th test). 

A.7 Example of Teat Objective. 

A.8 Item Analysis Data: Cognitive s tyle measures. 

ft . 9 Item Analysis Date: Science Content measures . 

A.1 0 Item Analysis Data: Pupil Opinion SUrVey. 
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PRF.PJ\PJ\'T'JON. 
A!'ter ensuring that all pupils had pencils and rubbers 

reedy, the booklets and answer sheets were issued. Children 
wex-e asked not to open the booklets until instructed to do ao, 
but ere instructed to enter name, date etc. on answer sheets. 

n TiflODtJCTORY ST T'F'f.~NT T0 CHJIDRJ;J;!. 

"Today I have an exercise for you to do one which I 
think you will enjoy very much. It is an exercise, and NCY!' 

teat. Have you noticed that hen people are grouping 
things, each one has his own way of doing 1 t ? For exrunple, 
1:f' you were putting some marbles into groups, you might do it 
in many r.ays. ,ach way is right 'for the person doing 1 t. 
Today. I want you to do eoie grouping f'or me. Look at the 
cover of the booklet. I shall read it loud, while you follow 
what it says." 

IN§TRUCTI ON§ 

lhen you are told to sta~ you will open the booklet 
and find oome pictures arranged 1n groups or three . Each 
group ot three is numbered, and each picture hae a letter 
beneath it. The first page is arranged like this: 

Picture Picture Picture 

1 • a . c . 

Picture Picture Picture 

2. d. e . 

You ar to pick from each gl'OUP ot three, ,m 
that are f!llke or o the 1n some way. On 

the er sheet put x on .E!a le tere, to sh the 
picture you have chosen. '!'hen, after the word ''because", 
writ yoa:r:a reaaon for icking thos two picture ., u lly 
the reason can be tat d 1n only f ords, nd you do not 
need to ff1te co lete sen nee, or to orry bout your 
spelling. Tber are no "right" or "wrong" answer • You. may 
work at your own epee4, I:t you t1n1sh befol'e the oth ; 
elose your booklet, sit quietly and wait for fUl'ther instruc­
t i on • Pleas do not r your booklet. 

Plea e wait for the aign l to begin. 
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~AME : ________________ _ 
BOY or GIRL: __ _ 

AGE : ______ _,ears ______ months n~TEs _____ _ 

Remember: Put an x on the .m letters from each group of 
three to srow the pictures that aro alike or go 
together 1n some way. Then, at'ter the wol'd 
''because", write your reason f'or picking thoee 
two pictures. You do not need to write complete 
sentences, or to --.J..,'I'Y about you:r spelling. 
There are no "right" or "wrong•• answers. 

tumber: 0£9SJ21 Rta~2n: 

1 • a. b. c. because 

2. d. e. r. because 

3. a. b. c. becauoe 

4. d. e. t. because 

5. e. b. c. because 

6. d. e. t. because 

1. a. b. c • . because 

8. d. e. t. because 
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INTRODUCTOP.Y ST,rt'J1~'1111'TT 'l'O CHJim~Ji. 

"Last time you were kind enough to help with an 
exercise which had a number of pictures arranged in groups 
of three. You will remember that you chose pairs of p!cturea 
that were~ or would go tfe~r in some way. You mode 
sane X' a on:-tlie answer sheet o e ow your Jmit out ot a group 
of three, and then you wrote your rt5:son f'or choosing those 
two. I think you will remember tm • "!ell, today there ure 
some more exercises which are really very interesting ones -
I think you will enjoy doing them. But betore we go on to 
some of the n8'\V ones, I should like you to help me.with 
picture grouping. After last time, it was decided to alter 
the e xercioe o ll t tle. TOday I should like you to find 
tb£e,1 ways ot making pairs out of each group of three pictures." 

(Demonstration on blackboard). 

"On the arunrer sheet you will find that srgµp fflber 
J?l.Ut hns r oom for three lots of two that are a]J.ke or wll 
SQ together 1n e ome way . 

e.g . 1 • o. b. c. because·•••••••••••••••••••••••• 

• •••••••••••••••••••••••••••••••• 

a. b. c. because••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 
a. c. because ••••••••••••••••••••••••• 

• •••••••••••••••••••••••••••••••• 
You might put a and b together, or a and c, orb and c. 
However, you might put a ond b together twice, but tor 
diffgreft reasons. Are there any questions? For a group of 
three p cturea, you are to choose .m pictures thn t are ~ 
or 89 together in some way. Fut o-Y-on y:;ur answer sheer­
over the two letters that go with the two pictures• and write 
your reason very briefly. You are to try to 't ind three waya 
ot making pairs 'tor each .armm o't pictures. Vie a re interested 
in your reasons, so You coufahave the Game lett era moro than 
once, but for different reasons. 

Are you ready? Ve-ry well, start now." 
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N,'\ME: ________________ BOY or OIRL: ___ _ 

AGE: ------~Years _____ months DATE: _____ _ 

Look at each group of three pictureo, and try to !"ind t!}ree 
ffllys of making pairs that are 1!l.1k.t or gg to~th;f 1n some 
way. For each paid, put an X ontlie two let ers o show 
which you have chosen. Then, after the word 0 beeauae", 
wri te your reason for Picking t::.ose t wo pictures. You do 
not need to write complete sentences, or to worry about your 
spelling. There are no "rigtit0 or "wrong" nnswera. 

~umbors Grou;p: RC!f9JU 

1 • a • b • c. b ecauae 

I a. b. c. because 

·r 

a. b. c. because 

2. d. e. r . because 

d. e. t. because 

d. e. f. because 

I I 

I 



This test was administered by class teachers as part of the 
science programme 1n the experimental school. The enl>edded 
items were numbers 4. 7, 9, 10 and 11. The remainder were 
designed to test performance on the current science unit. 
Items 12, 13, 14 end 15 ere l'Il)d1ficationP of items used bf 
suchman. ( see Hedges, 1

·: . D. ( 1 ~6) • Te&tig ftlld Evaluation 
tor the sciensas. California.: ~adsworth.) 

GENERAL I!Ul£RYQI'I ONS . TO TEACffiRS. 

. Please ensure that all pup11s have pencils and 
Nbbers, and ask them to fill in date and name. Observe 
the usual teat cond1t10Jl!J. pport 111 be easily established 
but as rt of the appro ch, u,ggest to the children that we 
are interested to ee ~~~a they can handle cieme ques­
tions, ome o'f which ght e ne to them. 

Re d out the 1natl"\lct1one, trying to ~Mure that all 
chi ld:ren understand what is reqt11red. oat pupils will finiash 
1n f1:rteen to twenty m1mites, but llon time for · 11 o-r them 
to f inieh. If any pupil should have difficulty 1n reading 
any question, please aaei t by reading + he question quietly 
to him. Thank you. 



SCI ENCE TEST FORCE, WORK AND ENERGY (A) 

Date: Name: -------- -------------
Unle s s the question has special instructions 
(for example Question Two) you should record your 
answer b1 printing, in the space at the right hand 
side, the letter (A, B, C or D) showing the answer 
1ou haTe chosen to be correct. 

1. A push, a pull, and gravit1 are examples of a 
particular kind of: 

A. force. 
B. friction. 
C. inertia. 
D. work. 1. 

2. Below are four pictures, 1, 11, 111 and iv. Under 
the pictures are some phrases to describe what ie 
happening. The phrases have letters beside the!ll. 
Choose the correct phrases to go with each picture , 
and put their letters in the ri&ht answer apace. 
Kach answer apace will have at least two letters 
in it. 

2. 1. 

11. 

1 11. 

1 11. 111. iT. 

1'o won 4one. 

---

---
---
---

A. 
c. 
E. 

Work done. B. 
Potential energy gained. D. 
GraT1 ty acting. P. 

I1net1o en.era ga1ae4:. 
Jlriction acting. 

3. It I had rour block•, each or the aame weight, which 
one would be har4eat to puah along a wooden rlooP? 

A. A glass block. 
B. A wooden block. 
c. A concrete bJock. 
D. An ice block. 3. __ _ 
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Which is the BEST reaaon to explain why this racing 
car ie hard to roll oTer? 

A. The width between the wheels keeps the 
weight low. 

B. The di fference in sise between back and 
front wheela giTea aore &rip. 

c. The large rear ty-rea increase the amount 
or t'riction. 

D. The length ot' aale g1Tea a wide wheel baae. 

5. Which arrow ahowa where the moon'• gr&T1"7 woul4 
cauae a apace crat't to speed up again in a t'light 
to the moon? 

T I i I 
A. 8. C. D. Moon 

4. __ _ 

5. __ _ 

6. The pull ot' graTit7 makes it harder to lit't a heaTy 
weight: 

A. 
B. 
c. 
D. 

at the equator. 
at the aouth pole. 
halt'way between equator and pole. 
in space aboTe the earth. 

7. The astronauts on 'the moon leaned t'or•ar4 in the 
direction they wiahed to walk. They 414 this 
because: 

A. the solar wind pushed ao strongly against 
them. 

B. they were protecting their eyea t'rom the 
glare ot' the strong sunlight. 

.c. they had the lite-support packs on their 
bac~. 

D. the moon'• aurtace waa ao eott, it took 
more energy to walk on it. 

6. __ _ 

1. 



8. Which statement is NOT correct? 

9. 

A. Inertia is the tendency to resist 
moTement. 

B. Inertia acts on all stationary objects. 
c. Inertia is the ten4ency to continue 

moving in a set direction. 
D. Inertia is absent on the moon. 

An object like a pyramid is hard to tip oTer. 
Which ia the BEST reaaon to explain this, 

A. The object has angled sides. 
B. The object haa large flat surfaces. 
c. The ol!>3ect has a low weight centre. 
D. The ob3eot has a large mass. 

8. 

9. 

10. The Leaning Tower or Pisa, sketched below, does not 
fall over because: 

lL
. 

{ 

1 
/l 

A. the earth's rotation act• against its 
falling. 

B. it has no strong torce acting on it. 
c. it has greater ~eight in the bottom halt 

than in the top half. 

---

D. the line through which gravity acts talls 
inside the baee. 10. __ _ 

11. When a force begina to tilt a atable object, the 
object tends to: 

A. move away from i ta original posit.ion. 
B. return to its original po•ition. 
c. take up a new position. 
D. move position in line with the force 

being used. 11. ---
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12. Look at the picture and then anner the queation. 

It the rubber band ia cut at the place -rked, the 
toy truck would: 

A. moTe toward• A. 
B. •oTe towards B. 
c. not aoTe. 
D. r17 etraight up. 12. __ _ 

13. How would 7ou make the truck move in the opposite 
direction? 

A. Change the rubber band• betore starting 
the experillent. 

B. DriTe the nail at A turther in. 
c. Take the wheels ott the truck. 
D. cut the other i-ubber band. 13. 

14. Which rule explain• why the truck moTeaf 
A. WheneTer a torce aeta on an object, that 

object must moTe. 

---

B. WheneTer two torees act on an object, that 
object doee not moTe. 

C. When an object is moTing, the torcee 
acting on it are 1n balance. 

D. When an object ia aet in motion, the toroee 
acting on it are not in balance. 

15. Which tor111 ot enero allowed thie experiaent 
to work? 

A. Potential energy. 
B. Xinetic enero. 
c. Molecular energy. 
D. Chemical eergy. 

14. __ _ 

15. __ _ 
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TION ... 

Teet 1 • children ( Science Teat - Part IA) • 
Test 2. or groupa 1~ 2, 3 and 4 (who were with 

Miss - and Mr. -lt Science Teet - Part TIA. 
For gl'OUps 5 and 6, Test - Simple Machines. 

Teat 3. ,all children (Pupil Opinion survey). 

Tif,!DIG. It was expected that all childl'en would complete 
eaehte t. Times anticipated for o anpletian were: 

Test 1 • 20 minute approximately. 
Te t 2. 20 minute proximately. 
et 3. 15 to 20 minutes. 

~iii,o,,o,j----~· It any ch114 had difficulty reading any item, 
to him without di turbing the other chil en. 

"On TUe day and Thuradny you had ome e:k'tra seien 
lea on w1 th four teaohel'e, iss - and • - in the Art and 
Sciene oo , and Mi - and 1ss - i n Ro oms 9 and 23. The 
lesoons were all new ones for Fof'lll I children. We are really 
very inte s ted to know what you found out in those lessons, 
and ho 11 you understood them. The best way for us to 
find out is to give you . ome questions to answer. I think you 
w111 find the quest ions very inter sting ones. 'We w oul.d like 
you to an r them ii well ae YOU can. There are three lot 
of qu tione for you to do." 
(Tff@t 1 issued) • 

"Please put on the top or t he p r the name of the 
teacher you bad on Tue d y and Thursday. Then put the date 
and your full name, 1.c. fir t and s cond name , e.g. J ')hn .famee.u 
(Inatl'uctione read through to children to ma ure they knew 
what o do}. 

0 I:t you bav Elll¥ qu ion whil e you re working, just 
rais yo hand end o: will c lp you. ib 
to do yOlW be • I:t you Cann t a:: ........ ,. ... 'O e t ion• o on to 
the next d come to 1 t ., f you , try to 
answer 11 the qu t ion • u 

rocedlll' to T t 1 • 

d 

ore. 
lp 

1o 
11 ( c1 nee 
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SCIENCE TEST PART I (A) 

l.Ja Le :____ Nirn,e: -----·--------

Cr.oo se th e letter A, B, C or D which sho w~ the answer 
yo11 r!•• ct de ts correct. Put that l P.tter tn the space 
at '.,}, e right. hand si ~e of the page, h"ls ide the number 
0f t r.& question you are answering. Do r.ot spena a 
1 -~~ time over any one ques t ion. Go on to the en ~ 
anrl come back to that question later. 

1 . Whi ~~ cf t he f our blocks, each wei ehing five pounds 
and hnv1ng the sem~ base area, is the least stable? 

([] [] [] 
A B C D 

2 . Which of the four blocks, all of equa l size, is 
t he most stable? 

[g ~ D . 0 
L..eod vJood Cori<. Gloss 

A B C D 

3 . Look 8 t thP. scale ,3rewings of the r , ur objects. 
Each l s eic),t i nc he s high a n d wei gr, e two poun<is. 
'Nh1 c h 1 <; the mo s t stable? 

A B C D 

4. Lo ok at the p\ctures below. Which of the book, 
the glass, the bottle or the spoon ls most likely 
to fall off t he table? 

A B C D 

1 • 

2. 

·4. ---
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5 . The p o lnt within an object through which the 
pul l 1 ng force o f the earth works ls called: 

A. the centre of mass. 
B. the centre of force. 
C. the centre of volume. 
D. the centre of gravity. 5. ....,..._.__ 

G. Wh1 rh of the following objects is most stable? 
A. A bui l ding brick. 
B. An empty petrol tin. 
~ . A hardboil~d egg. 
n. An Ampty tea-cup. 6. __ _ 

7. Wr.lch 1 ~ the BEST r~ason to explain why this 
r 4cing ~ar is hard to roll over? 

A. ·Th6 width b,itwAen t.he wheels ).(eeps the 
weight low. 

B. The difference in size between bRck and 
front •heels glves more grip. 

C. The lsrge r~er tyres increase the amount 
of friction. 

D. The length 0£ axle gives a wide wheel base. 7. 

r . Which piece of apparatus woul d g1 ve you the mo.st 
Accurate posit io n of the centre of grav1 ty in an 
odd-sh 8.ped piece of c'ardboard? 

A. A foot ruler. 
B. A weighted string. 
C. A pair of compasses. 

---

D. A sharp pin. a. __ _ 

9. Which statement describes an object which 1s not 

10. 

very stable? 
A. The object 
B. The object 
C • The obj e ct 
D. The object 

has a great 
has a large 
has a great 
has a small 

weight and little height. 
base and little weight. 
height and a large base. 
base anj great height. 

9. ---
An object like a pyramid is hard to tip over. Which 
i s the BEST r~ason to explain this? 

A. The object has angled sides. 
B. The object has large flat surfaces. 
c. The object has a low weight centre. 
D. The object has a large mass. 1 o. 



.. 
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:i r·ree:u1_r· 0t- jects will balance when: 

'Nho 

A. t ~e weight ia eTenl)' spaced eround the oen'I.N. 
n. the c~ntre or gravitJ is d1rectl¥ oTer the 

base o~ support. 
-; . the point ot aupport 1• 41recii, altoTe Vie 

centre po1nt. · 
J . the base ie wide enoitgh to hold tho we1,ttt. 

11. 

h as the loweet centre of gravity? 

0 . c • D. 12. 

13 . The centre of gravity ot any object 1a: 
A. the point in the exact eentre of the object. 
B. the point on whlch the object will turn. 
c. the point through which gravity takes it• 

err ee t. 
D. the point where all forces act equally on 

t~~ object. 13. __ _ 

14. Which mark would be nearest the centre of gravity 
o! thie piece of cardboard? 

1 ~ •• When a force begins to t11 t a atabl e object, the 
object tends to: 

A. take up a new poa1t1on. 
B. move R.way from 1 ts original poal tion. 
c. return to ita original position. 
n. move position in line with tb• tore• belna 

, .. 

used. . 15. 

---

---
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16 . The astronauts on the moon leaned forward in the 
direction they wished to walk. They did th1e becauae: 

A. they had the 11:t'e support packs on their backs. 
B. the moon,s aurfaee waa so soft, it took more 

energy to walk on 1 t. 
c. they were protecting their eyes from the glare·· 

of the strong sunlight. 
D. the solar wind puehed ao strongly against them . 

16. 

17 . Th~ Leaning Tower -of Pisa, sketched below, doee not 
fall over becauoe: , 

1 
A. the eartb•, rotation acta against it• falling. 
B. it has no strong fore• acting on it. 
c . the line ttu-ough· whloh gravity acte !alls 

inside the baae. 
D. it has greater weight in the bottom half 

than in the top half. 17. 

18. Which arrow shows the line on which gravit7 ie 
actl ng on the toy perrot balanced on the table edgeT 

A. a. C. t) . 

19. Weight may be described as: 

20. 

A. the aass of an object. 
8. · the oTerall density of an object. 
c. the effect of gravity on an object. 
D. the total volume of an object. 

To tncreaee th• st11b111ty or- an object you would 
increase: 

A. the helght or the object. 
B. the we11ht or the object. 
c. the volume ot the object. 

18. 

19. 

---

---

---

D. the length of the object. 20. 
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SCIENCE TEST PART I(B) 

Date:_________ Name: ____________ _ 

Choose the letter A, B, C or D wh1ch shows the anawer 
yc u decide is correct. Put that letter in the space 
at the right hand side of the page, beside the number 
of the question you are anawePing. Do not spend a 
long time over any one ·questlon. Go on~ the end 
and com8 back to that question later. 

1. Whlch of the four blocks, each weighing four pound8 
ann having the same base area, 1s the least atableT 

[] IJ [] [] 
A B C D 

2 . Which of th~ four blocks, all of ~qual e1ze, is 
the most stable? 

Vllood . 

A 

rn '-J . J 
c~ 

,,. 
V 

Lcaad . 

D 

3. Look at the scal e drawingi of the four obj•cts. 
Each is t~n inchi:;s hit;h and weighs three p ounds. 
Whi ch is the mos t ~table? 

OJ IT] 
A B C D 

4. Look at the pictures below. Which or the book, 
the gl~ss, the bottle or the spoon is moat 11kel~ 
to fall off the table? 

c 
I 
B 

.a-1 ~ 
C D 

1 • 

2. -



11. Irregul ar objec ts will balance when: 
A. the centre of gravity is directly over the 

bas e of support. 
B. the wei ght is evenly spaced around the centre. 
c. the point of support is directly above the 

centre point. 
D. the base is wide enough to hold the weight. 11._ . 

12 . Who h1s the lowest centre of gravity? 

Q 
D. 12. 

13. The centre of gravity of any object 1a: 
A. the point where all forces act equal l y on 

the object. 
B. the point through which gravity take• ita effect. 
c. the point in the exact centre of the obJ•ct. 
D. the point on which the object will turn. 

14. ~ni ch rr.e rk woul d be nen r ~st the centre of gravity 
of this piece of cPr dboard? 

15 . When a force begins to tilt a stable object, the 
ob j ect tends to: 

A. return to its original posi t ion. 
B. move away from its original position. 
c. move position in line with the force 

being use<!. 

13. 

14. 

D. take up a new position. 15. 

1( . The astronauts on the moon leaned forward in the 
direction they wished to walk. They did this because:. 

A. they had life support packs on their backs. 
B. the mocn's surface was so soft, it took 

more energy to walk on it. 
C. they were prot ecting their eyes from the 

glare of the strong sunlight. 
D. the solar wind pushed so strongly against 

them. 16. 
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Th e Lna :-,1.ng Tower of Pisa, ~ 1-· P. t che~1 below, does not 
fa]J over because : 

A. t.he line tb:·nu ·;h which gravity acts f al 1 s 
inside the b nse. 

B. t},e earth's rotation acts against its falling. 
c. it has greater weight in the bottom half than 

in the top half. 
D. it has no strong force acting on it. 17. 

18. Which arrow shows the line on which gravity is 
acting on the t o~ parrot balanced on the table edge? 

1 s. 

"· 19. Weight may be nescrl bed as: 
A. the t otal volume 01' an object. 
8 . the effect of gravity on an o b ject. 
c. tre overal1 density of an object . 
n. the r.1BSS of an object. 19. 

20. 'I'o incrense t he stability of an object you would 
in :.; reAse: 

A. the length of the object. 
B. the weight of the object. 
c. the height of the object. 
D. the volume of the object. 20. 



~) . Thti po1nt wi t hin a n object through which the pulling 
force of the e a rth works · i s cal 1 ed: 

r. . th e cA ntre of mass. 
3 . the c entre of gravity. ,.. t h e c entre of volume. \J • 

D. t 1' e centre of force. 5. 
~ 

of t h e fo l lowing objects 
An empty petrol tin. 
A hardboiled er,g. 

-" . 
a. 
,.. 
'-' • 
D. 

An empty tea-cup. 
A building brick. 

is most stable? 

'7 . Whic h i s t he BEST rffason to expla1 n wh7 this 
r ~. c i n g r: ar is hard to roll over? 

A. The width between the wheels keeps the 
weight low. 

B. The large rear tyres increase the amount 
of friction. 

C. The difference in size between back and 
front wheels gives more grip. 

D. The length of axle gives a *ide 
wheel base. 7. 

8 . ·Which piece of apparatus would give you the most 
ac_cu rate posit i on of the centre of gravity in an 
od d-shaped piece of cardboard? 

A. A weighted string. 
B. A pair of compasses. 
C. A foot ruler. 
D. A sharp pin. a. 

9. ~nich statement describes an object which 1a not 
very stable? 

A. The object baa Q great height and a large· base. 
B. The object he a a small base and great height. 
c. The object baa a great weight and little height. 
D. The object hss ·a large base -and little weight. 

9. -
10. An object like a pyramid is hard to tip over. Which 

is the BEST reason to explain this? 
A. The object has a large mass. 
B. The object has angled aides. 
C. The object has large flat aurtace1. 
D. The object has a low weight centre. · 10. 
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SCIENCE TEST PART II (A) 

Date:_________ Name: ____________ _ 

1. A runner needs to alter h is centre of balance when 
he sprints around a sharp curve. He does this by: 

A. leaning out on the bend. 
B. leaning into the bend. 
C. keeping straight up and down. 
D. keeping his weight forwar~ . 1. ---

2. When a gymnast is walking along a narrow beam ,~e 
can improve h•r stability most easily by: 

A. spreading her arms. 
B. bending her knees. 
C. pointing her toes out. 
D. keeping her head forward. 2. 

3. ' Which is the least stable position - one which would 
be difficult to hol d for long? 

A. B. c. D. 

4. Which is the most stable position? 

5. 

A. 

A 

sketch shows the correct line of gravit7 in 
t -man balance exercises? 

B. 

---

3. 

•• ---

s. ---



6 . Which runner has set his centre of balance to get 
the best s t ar t? 

A. B. c . D. 

7. 1'y model yacht capsizes too easily. How can I 
BEST make it more stable? 

A. Reduce the amount of sail. 
B. Reduce its overall length. 
C. Increase the weight of the keel. 
D. Increase the wi dth of the hull. 

8. Two boys, Ted and Fred, carry a ladder on their 
shoulders as shown in the sketch below. 

Who carries the heavier weight? 
A. Ted1 because he is further from the ballnce 

point. 
B. Fred1 because red is nearer the turning 

point. 
C. Fred1 because he is nearer the centre of 

gravity. 
D. Neither, each carries an equal share of the 

6. ---

7. ---

weight. 8. 

9. A canoe is not very stable. If the centre ot gravity 
is positioned near the seat, which arrow shows the 
safest way to step from the shore into the canoe? 

9. 

---

---
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10. I have some tall, heavy flowers to put in one of four 
clay vases. Which vase will I use if I wish to keep 
my flower arrangement stable? 

V 0 
A. B. c. D. 

11 • Which of these picturee shows a correct balance ot 
a 3 pound weight and a 4 pound weight? 

(J)' i E, A it, I ' ct ' & n t ~' 
A. B. ( a; 
i~ lit 2£ I ti it L 

c. D. 

12. Look at the picture of ~e gx-o~p of objects balanced 
on the table edge. 

Which is the BEST reason to explain why these 
objects balance as they do? 

A. The centre of gravity ~sin the harrmer 
near the string. 

B. The centre of gravity 1 s in line w1 th 
the edge of the table. 

c. The low centre of gravity increases 
friction on the ruler. 

D. The objects are arranged t.o have a low 

10. 

11. 

---

centre of gravity. 12. ---



211. 

13. Below are drawings of the same piece of wood in 
four different positions. If a tipping force is 
pushing each one in t he directi on shown by the 
arrows, which one is in the least stableposit1on? 
No~c : The centre of gravity is marked. 

A. B. c. o. 

14. Which ls the BEST reason to explain bow a picture 
hangs perfectly straight. 

A. The hook is in the exact middle of the 
length of string. 

B. There 1 s an equal area of picture each side 
of the centre line. 

C. The support point is right over the centre 
of gravity. 

D. The weight of the picture is lower than the 

13. 

point of support. 14. 

15. A girl weighing 50 lbs. ls sitting on the end of the 
see-saw. Where would a boy weighing 100 lba. haYe 
to sit so that the see-saw balances? 

---

A. At 16? B. At 14? C. At 12? D. At 10? 

1 s. 

16. The picture -below shows two objects joined by a_ 
light wire and supported by a string 1'ro• a -hook. 

X 

Why do the weights, X and Y, atay in this poai ti·onT 
A. X weighs the same as Y. 
B. X ls heavier than Y. 
c. Y ia heavier than X. 
D. Y is below x. 16. 

---

---
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17. Which is t he most sensible reason for adding a longer 
tail t.o a kite? 
The tai l will make the kite more stable by: 

A. increasing the weight of the kite. 
B. inereasing the mass of the kite. 
c. re-ducing air resistance on the kite. 
D. lower5.ng the centre of gravity of the kl te. 17. 

18. Look at the picture of the solid wooden wheel. Notice 
where a piece of lead, half the weight of the whee:i, 
has been fitted into it. If the wheel can move in the 
gently sloping path, which way will it move? . 

19. 

l.,z,cs,d. ... ~~. 

d-t_ _ ____;Y;..___cc~1 __ z._7 
A. The wheel w1·11 !'irst roll downhill to Y. 
B. The wheel will fl rat roll uphill to z. 
C. The wheel - will immediately roll all the way 

to X. 
D. The wheel will remain still. 18. 

Which is the most difficult to balance on ite end? 
A. A new pencil. 
B. A drinking straw. 
c. A wooden clothes peg. 
D. A cigarette. 19. 

20. Which would be safest to use when travelling downhill 
along a winding road? 

A. A tricycle. 
B. A bicycle. 
C. A. go-kart. 
D. A pram. 20. 

---

---

---



SCIENCE TEST PART II (B) 

Date:_________ Name: ___________ _ 

1. What is meant by "top-heavy"? 

2. Why is it easier to ride a three-wheeled cycle than a 
two-wheeled cycle? 

3. Why should you neTer stand upright when changing places 
in a rowing boat? 

4. Look at the drawing: 

I 

i 

J 
Why will the cup, with knives crossed and held in 
place in the handle by a roll of paper, balance on 
a 'f1,nger-t1p? 



5. A potato with a meat skewer in it is suspended 
from a stri ng. The potato and skewer alone will 
not hang in the wa7 shown in the picture. It I have 
two dinner forks, I can 111ak• the potato and skewer 
hand ao that the skewer 1a l eTel. Draw the two forks 
in on the picture, ao that the object• hang in a 
balanced poa1t1on. ------

6. Two children, Jack and Jill• are 
on stilts, ea shown in the picture. 
Why is Jill easier to push over 
than Jack is? 

- -- ---- . 

~ 
Jill . jac,k . 

7. You haTe been asked to design a cup which will be 
very stable and hard to knock over. Draw your cup 
1n the box below. ---------

8. Some objects are Tery stable indeed. What three 
things will be true of such objects? 

(a) 

(b) 

(c ) -----------------------
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Guide to scoring score Max­
Given 1mum 

1 • Simple statement, 11mi ted to e.g . "Is h vy" 
Descriptive statement, e.g. "Heavy in top 

half" "Unstable" 
Description with reason, e.g. "Hae a high 

centre of avi t y and is unstable 1
' 

2. Simple statement, e.g. "You don't need to 
balance it 11 

Descriptive, implle r oon, e.g . ''P..as a 
w1d base" 

Stat nt 1th reason• e.g. "The wide baa 
m e the ieight centre lower" 

3. Si ~1 statement of c 
tip over0 

quenc • e.g. "Will 

D scitiption, rea an 1mpl1 d, e . g. "It wi l l 
b come less stable" 

Re son given, e.g. "It will a i. ter the centx-e 
of grev1 ty, and be les s table'' 

4. Simple statement, e . g . "It is balanced" 
D aor1pt1on, reason implied, e.g. "Th 

weight 1s increased evenly" 
Reason in pr1nc1pl given, e.g. 0 The centre 

ot gravity is lo red" "Balanced on line 
ot support" 

0 

1 

2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

5. __ if no p0ss1b111 ty of balanc o 
it ab la11Ce ppear e ible, but 

a. 

o early accurate enough to be ure 1 
1:f a clear tu.lcl"UDl p t t rn 1 hown 

crunterbsl ced with f"or 1n po to 2 

JC 

be 

1 

2 

1 

2 

2 

3 

, 

2 

2 

2 

, 
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scrzt:cE TEST SIMPLE MACHINES 

Name: -------------
Unles ~ tre que stion has special instructions 
( fa:- C:'::u1.r·~?l e 1-iUestion Four) you should record 
your answer by printing , in the space at the 
right band side, the letter (A, B, C or D) 
showi~g the answer you h ave chosen to be correct. 

1. A screw ~s an example of which of the following kinds 
of simple machi ne? 

A. The lever. 
B. The wheel and axle. 
c. The inclined plane. 
D. The wedge . 1. __ _ 

2 . 

This e arth digger is using the principle of: 
A. the lever and pulley. 
B. the wedge and wheel . 
C. the whee l and axl e . 
~ . the pul ley and inclined plane . 2. ---

3 . Which pattern is found in a first class lever ? 
A. Fulcrum, load, effort. 
B. Load, effort, fulcrum . 
C. Effort, fulcrum, load. 
D. None of these. 3. 

4. In the answer space beside each of the following, 
put the number which tells what kind of a lever 
the object is : 

1. 

ii . 

111. 

iv. 

v. 

vi. 

vii. 

1 • first clase lever 
2 = second class lever 
3 • third class lever 

a wheelbarrow 

sugar tongs 

s. spade 

scissors 

nu torackers 

a see-saw 

tweezers 

4. 

i. 

11. 

111. 

iv. 

v. 

vi. 

v11. 

---

---
---
---
---
---
---

·---



5. Below i s a list of simple machines. Alongside is a 
li st of ever yday ob j ects. In the answer space at 
t he r i ght , put_ the correct letter to show what kind 
of simpl e machine each object is. You will need to 
u se so~e of the letters more than once. 5, 

a ship 1 a gangplank. 1. A. Lever. 1. 
B. Wh eel and axle. 
c. Inclined plane. ii. an axe head. 11. 
D. Wedge. 

---
---

E. Pulley. 111. a pair of pliers. 11L 

iv. a 8crewdriver. iv. 

v. a 11 ft ( elevator ) • v. 

vi. a garden fork. vi. 

vii. a flight of stairs. vii. 

viii. a door knob. viii. 

6. Print the letters F (fulcrum), E (effort), and 
L (load or resistance) in their correct places in 
the boxes. 

( i) 

D D D 

(11) 

D D 0 

7. I wish to lift a weight of 2,000 ,ounds up to a height 
of six feet. Which of the following simple machinee 
would I use if I had only manpower to help me? 

A. Inclined plane. 
B. Wedge. 
C. Wheel and axle. 
D. Lever. 7.-

---
---
---
---
---
---

---
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8. A girl .weighing 50 pounds is sitting on the end of tb.e 
see-saw. Where would a boy weighing 100 pounds have 
to sit so that the see-saw balances? 

A. At 16? B. At 14? C. At 12? D. At 10? a. __ _ 

9. Which arrangement of lever and fulorum would you 
use to lift a very . heavy load? 

~ - -a a 
A. B • . C. D. 9 •. 

10. Which of these pictures shows a correct b•larice 
of a three pound weight and a four pound weight? 

(b' 1 ai' 

A. B. c. D. 

11.Look at the drawing and then choose the reason 
which BEST explains why this balance works. 

A. YOU are five times as heavy as any 
one of THEM. · · 

B. The plank is five times heaYier than the 
usual eee-aaw plank. 

c. The five or THEIi take up f1Ye times a.a 
much apace ae YOU do. 

D. The long ara of the plank 1• .ti,re ti••• 

---

10. ---

longe~ than the short arm.· 11.· ---
12. Draw a simple machine, name the parts, and say 

how 1 t works. 



Date: 

SC IEi':CE TEST FORCE, WORK AND ENERGY (B) 

Name: --------

Unless the question has special instructions (for 
examp l e Question Two) you shou ld record your answer 
by printing, in the space at the right hand side, 
the letter (A, B, C or D) showing the answer you 
have chosen to be correct. 

1. A push, a pull, and gravity are examples of a particular 
kind of: 

A. 
B. 
c. 
D. 

work. 
inertia. 
friction. 
force. 1 • 

2. Below a re four pictures, i, 11, iii and iv. Under the 
p ictures are some phrases to describe what is happening. 
Th e phrases have letters beside them. Chbose the 
correct p h rases to go with each picture, and put their 
l et t e r s in the right answer space. Each answer space 
wi l ] have at least two letters in it. 

2. i 

11 

111 ---
iv 

1. 

' A. No work done. B. Work done. 
C. Kinetic energy gained. 
E. Friction acting. 

D. Potential energy gair~ d. 
F. Gravity acting. 

3. If I had four blocks, e~ch of the same weight, which 
one would .be hardest to push along a wooden floor? 

A. A concrete block. 
B. A gless blqck. 
C. A wooden block. 
D. An ice block. 3. --



4. 

220. 

Which is the BEST r eason to explain why this racing 
car is hard to roll OTer? 

A. The difference in size between back and 
~ront wheels g1Tee more grip. 

B. The length or axle g1Tea a wide wheel baae. 
c. The width between the wheela keeps the 

weight low. 
D. The large rear tyres 1ncreaae the amount or 

friction. 4. __ _ 

,5. Which arrow shows where the moon's graTit, would 
cauae a apace cratt to epeed up again in a tli,tlt 
to the moon? 

I i I 1 
A. B. c. D. 

6. The pu.ll ot IJ"&Tit7 makea it har•er \o lit\ a 
heaT7 weight: 

A. at the aouth pole. 
B. in apace aboTe the earth. 
C. halt'way between equator od pole. 
D. at the equator. 

7. The astronaut• on the moon leaned torwarcl in the 
41rection they wiahed to walk. They did thia 
because: 

A. 

B. 

c. 
D. 

the moon'• aurtace was ao aott, it took 
more enero to walk on it. · 

they were pretectina their e7ea tran the 
glare ot th• atrong aunlight. 

the aolar win4 JM•hed eo atrongl7 against 
them. 

the7 had the lite-aupport ,acks on their 
"backa. 

5. __ _ 

6. __ _ 

1-. ---



8. Which statement is NOT correct? 
A. Inertia is the tendency to resist movement. 
B. Inertia is the tendency to continue moving 

in a set direction. 
C. Inertia is absent on the moon. 
D. Inertia acts on all stationary objects. 

9. An object like a .,)O'"ramid is hard to tip over. Which 
is the BEST reason to explain this? 

A. The object has a low weight centre. 
B. The object has large flat surfaces. 
c. The object has a large mass. 

8. ---

D. The object has angled sides. 9. __ _ 

10. The Leaning Tower of Piaa, sketched below, does not 
fall over because: 

A. it has greater weight in the bottom half 
than in the top half. 

B. it has no atrong force acting on it. . 
c. the line through which gravity acts falls 

inside the base. 
D. the earth's rotation acts against ita 

falling. 10. __ _ 

11. When a force begins to tilt a stable object, the 
object tends to: 

A. take up a new position. 
B. move away from its original position. 
C. move position in line with the force 

being used. 
D. return to its original position. 11. __ _ 
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12. Loov ~t the picture and then answer the question. 

lf' the rubber band is cut at thA place marked, the 
toy truck would: 

A. not move . 
B. move towards B. 
c. move towards A. 
D. fly straight up. 

13. How woul 0 you make the truck move in the o_pposite 
direction? 

A. Change the rubber bands before starting 
the experiment. 

B. Take the wheels off t.he truck. 
C. Drive the nail at A further in. 

12. 

D. Cut the other rubber band. 13. 

14. Which rule explains why the truck moves? 
A. Wheneve r two forces act on an object, 

that object does not move . 
B. When en object is moving, the forces acting 

on it are in balance. 
c . Whenever a force acts on an object, that 

object must move. 
D. When a n object is set in motion, the force~ 

ac ting on it are not t n balance. 

15. Which form of energy allowed this experiment to work? 
A. Molecular energy. 
B. Chemi cal energy. 
C. Potential energy. 

14. 

D. Kinetic energy. 15. 
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The port 1. on of the Survey relevant to this study 1e Part One, 
w~ich mcludee scales of 

(a) attitudes to academic achievement, and 
(b) interest 1n science. 

'J'he items for (b) are numbers 2, 7, 16, 17, 18, 19~ 21, 26, 
28 and 29. mhe !'emini ne twenty items com-prise (a J. 

The test was administered by clrss teachers . 

ORHERA r. nmTnuar IONS TO TF ACU-:-'R§. 

Please ensure that children hnve pencils and rubbers . 
Iesue t he booklets tnce up, oeking the children to write their 
names, whether they are a boy or a girl (beca.une or possible 
name/sex conf'un1on, e.g. Leslie), date, and their age. Actual 
years and month§ can be tilled 1n l a ter trom class registers . 

IFTRODt:CTORY ST.~T~HRNT TO CHTJ,ffiR}I . 

"It is not often tho.t we ask girls nnd boys to tell 
us what they feel about o number of t hinea which are part o-t 
being at school. Today, we are 1.nterested 1n finding out what 
pupils think. The booklet just isoued has a number or state­
ments about school lit'e; some you m1gh t a~ee with, and some 
you might disagree with. The i mportant thing is to give ~ 
.mm opinion, and rwt one you might think will please me.~ 
fact, I (your class teacher) will not be reaaing your answers. 

?-tow let us read through the t'ront part, under 'General 
Direction;', to see how we shall ~wer." 

NOTE TO "f"".:tCR?R§. 

Please rend the front page aloud to children, etrees1ng 
(a) the non-teat nature or the survey, nnd 
(b) the need for care in placing ticks in the correct box 

beside the statement given. 
'Nork through the practice example, t o ensure that pupils 
understand what to do, be1'ore telling them to begin. 
The survey 1a expected to take fifteen to twenty minutes for 
children to canplete. It any p.ipil has difficulty reading any 
etatement, please read 1t quietly to him. Thank you. 



PUPIL OPINI ON SURVEY 

General I'irecti one: 

We are interested 1.-- how girls and boys feel about a 
number ot' things, and we would like you to help us find out. 
The answers are needed for part of a survey or pupils' opinions. 

1. This 1s not a test, so t here is no right answer. Answer 
the questions as honestly as you can. Then the answers we 
get will be truly t he opinions or girls and boys. Your 
answers are not going to be shown to other peopl e . 

2. Do not spend time puzzling over a~ or t he OUt sti ons, but 
give the first answer t ha t comes easily to you. Some ques­
tions are similar to other ones, but no two are exactly 
alike. Your anners may dif fer in thes e cases. Your answer 
is what 1 s true of you MOST TIMES. 

3. \7b1le answering the surTey, you will find special i nstruc­
tions headed "ffllat to do. " Please t'ollow these instructions 
aa they appl.7 to you, when you come to them. 

4. The quesUons and sentenc es you will r ead are 1n thie book.let. 
\'le would like you to put your answers 1n the answer space , 
alongside the 88Dle number a s the question. 

5. Put your answer by making a tick i n t he box which s t ows your 
opinion. Answe r each question only once. 

6. It you have BJlY' questions while you are doing the survey, 
raise your hand and someone will come to help you. 

Name: ______________ _ Boy/Girl.: _____ _ 

Age: _____ ;vears _______ montha Dat e : ________ _ 

Practice Example: 

Code: Strongly Agree Neither agree Disagree Strongly 
agree nor disagree disagree 

A B C D E 

D D D D r--: 
LJ 

A B 

t 1 
C D E 

x. I like 1cec.ream. I I 

Y. I like porridge. 



Part I: What To Do. 
Belmr are o number of sentences. To answer, put a tick 

in the box beside the letter which best tells your opinion. 
This is the code we use: 

Strongly 
agree 

A 

D 

Agree Neither agree Disagree 
nor disagree 

B C D 

D D D 

Strongly 
Disagree 

E 

D 
Begin with sentence number one. Be sure 7ou put your opinion 
ot' sentence 1 in one ot' the boxes beside 1 1n yoUl' answer space. 

A B C D E 
1. I would rather work 1t1. th my hands 

than do OrdifflU7 schoolwork. I i I 
2. 1 enjoy trying to t'ind reasons to I j f explain why things happen aa the7 do. ______ _._, ______ _ 

3. I am more inteJtested 1n games and 
sport then I am in schoolwork. I I I 

4. If I bad to choose between taking I I I 
part 1n a canpetition or being the .,. __ ..,_ ________ _ 
judge, I would choo se to be the judge. 

5. I stick to a proJect, or piece of 
work, until it 1s t'iniahed even 
though 1 t 1s dull and borin.g. 

6. It worries me when others get better I marks than I do. .., ____________ _ 

7. I enjoy lessons when we are shown 
expenmen ts and tol.d •h7 they work. 

e. I pre~~r to a1t at the back o~ the 
claesroan 

9. 117 rriend stopped running ho.rd when 
he aaw that he was going to lose. 
I would have done the same 11' I had 
been running tn the. r at:e. 

1-0. I 11.ke being asked queetione in 
claee. 

.I I 
] 

--------~-



11. 'Ay f'riend think I don' t take my 
schoolwork seriously. 

12. I w-0rk hard most of' the time. 

13. ~en someone is being praised I 
find mysel.f' wishing it were me . 

1~. I should like to leave school as 
oo~ es I am f'if'teen. 

226. 

A B C D E 

l l J 
I t 

I I I 

l I I t J 

15. If I get lower marks than usua l in I ' } I J 
a teat I ~eel disappointed. ~i--+---4+-_...__., __ ... _ 

16. 11' omeone told me that our b d 
weather 1a caused by atomic bomb 
end rock t blasts I would went to 

ow how he could prov it. 

l I 

17. Collecting things like rocks and j 1· J 
plante is a dull hobby . ..., __ _,... _____ ...._ _ _._,.___,._ 

1n. I would rather f'ind out t hings for 
m,- elf than be told. 

19. Science is something ecientiet do 
d does no"t af:fect D11' life Yery 

much. 

20. I o:t'ten comp re my .. ,ork ri th the 
work of' others. 

21. Soienc 1 one or the most int re -
ting subjects at school. 

22. mind often wanders off the 
eu ject at school. 

23. I usually lave 
the t m1 ut • 

homework until 

24. I enJoy t17ing to find the snw 1! 
to dif'ticul t probl 

25. I joy b g cl led r. 

26. I like knowing how t hing .ov 
•h7 they move 

I 

I I 
I I 
I I 
r , 

I I 
I I 
I . I 

I I 



A B C D E 
27. If' I do badly in one school subject [ f I find I do not try as hard next ___________ _ 

time we have that subject. 

28. Art does more for man than science 
does. 

29. I like r eading books about s pace 
exploration. 

---, --1, 

3c. I tell niy parents about my successe, f 
at school .. _......, ___ ...._ ____ -' 

Part II: What To Do. 

Plea e look at the five subjects listed blow: 

ART, ! THEttATICS , SCIE CE, SOCIAL STUDIES , STORY-\VRITI" G. 

In the aniwer paces, at the right 
write them in the orde r 1n which you 
like them, starting t the top with 
'the one you like most and f1n1ah1ng 
at the bot tom with the one you like 
least or the five. 

.,_ ______ _ 
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Part III: ~Hat To Do. 

Look at the questions below and decide how interested you 
would be in studying these problems and fin ding answers 
to them. 

The code 1e: 

Very Interested Undecided Not very Not at all 
Interested Interested Interested 

A B C D E - - - w -u u LJ I I 
~ 

A B C D E 

31. HO\T do eeroplanea and birds stay 
I I I up 1n the air? t 
. 

32. Horr do plants breathe end grow? 

t j l I 
33. How do things balance in different I t I poni tiona', 

- --34. H01T do our oodies work'? I I I j 

35. How do thinns change from gaeee to 
I l I I liquids to nolida'. 

36. How do the ntars and planets send Ll l I I I light ecroeo space' 

37. How can we care :tor our pets? i I l I 
38. How can things be made up ot tiny I j I I I pert1c1es? 

39. H0tr can we -protect our birds and 
t I I I] :ro1•este? 

40. How did man come to be as he is? I I I 
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APPE.rIDIX .p.,7: EXAMPLE OF TEST gBJE'CTIVF.§ 

Discryn1nation o~ y:r:wtable 9b~@cts: 
Relative to height 
Relative to base and height 

Relative to centre ct gravity and suppOl't 

Is1nt1r1cation or §table objects: 
Relative to eight 
Relative to baee area 
Relative to height, weight and base 

Q2pce:2t, of gr,avi ty. defining: 

~ntre gf' r;rovitY. concept: 
Attributes of centre of avity 

Locating centre of" gravity 
Relative to centre of avity and base 
Def :ining centr or gravity 
Relative to bal nee and su:pport 

Line of gravity, concept: 
Relative to baee 

Relative to support point 

By altering one dimension 

Item No . of 
No . items 

3 
1 • 
9. 
4. 

3 
2. 

3. 
6. 

19. 1 

8 

5. 
8 .1 2 .:14 
7 .10. 

13. 
11 • 

2 

17. 
1 a. 

2 

16. 
20. 

15. 1 
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APPElID!X A 1 8: rrE .i ,yrA LYs I s DNEA 

C9G!ITm': STYLE ~ASURE!a. 

TRD.D n:NE TRIAD TWO 

Item .. ' all ~ Mean , Item • D EB Mean 
( D) (C) (R) (D) (C) (R) 

K. 1 .72 .26 .78 .58 1 .a. .66 .73 .84 .72 
2 • 59 .50 . • 53 .54 b • .64 .49 .37 .50 
3 .63 .50 ; .80 ' .64 .71 .51 .1 2 .45 c • 

1 K . 4 • 65 .56 i .-s, .57 2.a. .53 .10 .30 .51 
K. 5 .68 .42 I .71 .60 b. .71 . 88 .63 .72 

I 

6 . 51 .25 I .63 .49 .68 .n .58 .64 f c. 
7 .68 .42 .'57 . 49 3.s . .63 .53 .59 .58 

K. 8 .80 .42 .68 .6:, b. .80 .62 .79 .72 
9 .10 .25 l .73 .56 c. .50 .31 .68 .49 

K .1 0 • 58 .30 .40 .42 4.a • .n .53 • 71 .67 
K .11 .48 .5() .43 .47 b .. .22 .10 .60 . 51 

12 .37 .23 .n .44 c. .55 .51 . 51 . 52 
13 .77 .58 .84 .73 s.a. .66 .71 .81 .13 
14 • 75 .66 .74 .71 b • .84 .50 . 98 .n 

K.15 .60 .45 .43 .49 c • .76 .38 .68 I .61 
K.16 .30 .36 • 63 .43 

17 .51 .60 .68 .59 a = First choic analysis 
1 8 . 63 .71 .51 .62 b = Second cho1o analy 1a 

K.19 .84 .55 .88 .76 c = Third cho1c analysi 
K.20 .63 t .78 .37 

21 .48 .30 .10 .49 • • De c .. 1pt1v 4e 
22 .58 .60 .15 .64 .s = C t orioal-114 r n ial 
23 .66 .53 79 .66 
24 .58 .30 .52 .47 t xt 1 

25 .70 .25 .7'3 .56 

gen item. 
1y c cnstructed. 
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SCIENCE OO!!TEN'l' 1 ,AS URE§ • 

Embedded 
I 

Initial Retention Firet Second 
Ite learning Appl1eat1al- pplication-

I Transfer 
I I • . 

Diff . Disc. D1ff. Disc. Dif't. Disc. lDi ft'. Diec . 1Dif'f. Disc. I 

I 

' I I I .as 1 1 . 27 .17 .ao .61 .51 . 53 .56 .15 . 51 
I 

2 . 24 .27 I 
.74 .56 i .87 .55 . 81 .1 8 .48 .67 

13; .1 6 .21 I .74 .66 I .89 .48 .12 .45 .47 .71 
I 

141 .23 .36 .66 .1 8 I .65 .13 .75 .66 .57 .68 

5j .08 .1 9 .9;, .43 .93 ."57 .57 . 31 . 30 .38 
61 .92 .1 9 .90 .43 .74 .56 .37 .77 ·~ .35 .57. .38 .56a: .51 .41 .42 . 25 
aj .60 .71 .75 .41 .58 .57 . 65 .75 
91 .71 .38 . 82 .58 .33 .17 

101 
I . 38 .41. I .46 .41• .75 .66 I 

11 ! I .47 .67 I .s, .63 .40 .47 
12! I .19 .47 .85 .51 . 20 .1 8 

131 I . 34 .32 .43 .42 .45 .13 
h4l .76 . 53 .78 .47 . 53 .16 
Ii 51 I . 18 I .sa. .30 .1,s .;o .67 
I I 

I 

116: I e22 l .21s I .35 .48• .52 .60 
171 .56 .57. I . 53 .71 ~ .66 .45 
18 .20 .18 I .30 .34 .33 .51 
,19 I .58 .42 .57 .60 .sa .49 
20 .66 .61 .65 .4 ·"51 .51 

mbedd it rk a 1n I 1 1 
I 

rn and R t enticn est 
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PUPIL OPINION 3 URY§Y. 

I Item .1\cademic Achievement Item Interest in Scienc 
Number .oti tion , number I 

1 8.75 2 5.78 
3 2.98 7 9.19 
4 1 • 72 16 3.o6 
5 2.96 17 8.(:4 

6 2.92 18 4.24 
8 1 ,.97 19 1.10 
9 4.n 21 7.96 

10 9.72 26 4.90 
11 6. 99 28 2.46 
12 5.65 29 7.65 
13 5.25 
14 4.39 
15 2.89 
20 2.54 
22 5.02 

23 4.84 
24 5.58 
25 7.96 
27 9.20 

30 5.02 

Firur or Ort re t- lues. t xi-\ ~L -

; s; _ + st. 
'?2, H 11.,, ... 

d-Clt..L7'..I.D {1957, pp .149-171) ugg 1. 75 a 
diecr1m1nnt1ng v lue 11' th r 25 or mor 

ch of the upper and l r ~ps. 
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A:1Pmmrx n: ADDITIONAL D~AILS 0F TRAINING PROORAMlffi 

13 .1 The Training Programme. 

B.2 /; ':'eac hing Paradigm. 

B .3 .;ummo.ry of Lesson Principles . 

B.4 ~urama.rised Leason Ouidea. 

r .5 Simplified Tnek 3trucutrea. 



This appendix gives f'urther detoils of the programme 
of training .for the teachers and observers in this study. 
Subsections of the appendix include: 

(a) task structures of the experimental lessons and 
their 11nlts w1 th the r.1 orm I science curriculum 
unit taught jus t prior to the experimental '.'OrkJ 

(b) eummaries o.f the mjor concepts anc principles 
of stability (the content o.r the research 
leosons), and 

(c) the content of the lesson guides developed during 
the training progranme. 

A general description of the training programme is found in 
the main text (pp . 93-95). 

The 1n1 tial approach to the study of learning, through 
lecture and d1ecusaion, was a global S-0-R model owing mu.oh 
to Frandsen (1961), Mowrer (1951), r~ndgren (in Bower and 
Hollister, 1967), and to C.G.N.Hill (personal comnunication). 
A number of basic distinctions were me.de - between psycholog­
ical and educational views of learning (er. Komisar, 1966), 
between performance and learning, and between st1?1Ulu and 
response as foci of attention r ther than definitive entities. 
The perspective provided allowed the students to consider 
dirferent theoretical orientations as reflecting different 
levels of ana~1a, different emphases (i.e. on stimulu or 
response or learner variable ) , d1i'f'er nt fr meo of reference 
(observer or participant), end d1f~erent kinds of tasks and 
outcomes. Th~ major vies eurveted were conditioning theory 
(classical and operant - Sk1nner J , imitation theory (Danduro 
and 1't'alters, 1963)t cognitive theory (Auaubel. 1968; SUchmn, 
1961; Bruner, 1966J. Particular attention was given to 
meaningful reception learning, di cov ry learning and rein­
forcement theory. 

A teaching J,Sr"ad1gm e built up 1th the group of 
students, :f'ollowing the study of l arnints, ome ta k an lysis 
act1vit1e (see attac t 8k trueturesl, the tudy of the 
conceptual basis ot t cience le on ( oe eumm ry ot prin­
ciples attached), d consider t1on ot abilities, attitude 
ancl prior experiences, -oecially 1n ci nee, of Fo I 
ehildr • The gener l del tol • 



(a) 

tor particular 
ch1lclren ta\JJtht 

.. Cognitive 
- Attf'ect 

.().PfEID)IX B.2: tt TF..ACUINC PARADIGM 

(b) 

ngs1t1ops 

- Attention 
- MO ti vat1 on 
- r rior learning 

(cognitive 
eontEl.'l.t and 

l'Ucture) 

- Abilities, 
attitudes and 

,odes and 
developmental 
fentur-es 

(c) (d) 

ptocess Conditions !.enrping and Conaeguenc9s 

- Task variables - '\ s process and product 
e . g • nature of." task Pup 1 l 

sequence - Feedback --
:rorm (e.g. 1con1c) ~ Teacher 
analysis - Tranaf."er 

- Teacher f'Unctiono - ~a affecting predispo-
e .g . stimulus pre- ai tions for :rurther 

eent1ng learning 
mot1vst1n 
attention 
guiding thi 

(e.g. oagn, 
Aschner) 

- Conditions and int 
actions 
e.g. practice 

reint'orcement etc. 

- Strategies and tactics 
e.g. expository 

guided discovery 

Gelleral facilitating or inhibiting factors 
e.g. teacher and pupil personality factors 

school and community factors -
sociological, environmental, f'inancial 

l\) 

~ 
• 
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APPFNDIY B.3: ~tOO'.ARY OF LFSSON 'PR!trCIPLES 

§TABIL1TY 

A body may be placed 1n several pos1 tions and still 
balance. !Iowever, some positions are less secure than 
others, less atahle. 

1. s tability io directly proportional to the area of the 
base of the body. 

2. Stability is directly proportional to the weight of 
a body. 

3. Stability is inversely proportional to the height of 
a body. 

4. Stability in a given direction is directly proportional 
to tho horizontal distance between the vertical line 
thl'ough the centre of gravity and a pivoting edge of 
the body. 

5. Depending an the d1otr1bution of DBae at nn object, the 
lower in epnce the concentration of mass (weight for 
these children), the :turther the object must be tipped 
before it loses stabiljty. 

6. An obj~ct 1a stable when its centre of gravity is 
directly over 1te supporting bnae. The nearer to the 
centre of that base the line of gravity ~alle, the lees 
likely it is that the object will become unstable. 

7. It, when an object is displaced• the line of gravity of 
the object falls outside the base o~ support, then the 
equ111brium is unstable and the ob3ect will seek a new 
base until stable eqU1libr1um is reached. 

8. The oqu111br1um of a body 1a oaid to be stable if, on 
being slightly diG!.)laced, the body tends to r oturn to 
its original position . Stability dsvenas pri.marily on 
the locati on of the centre ot avity in relation to 
the supporting base, or point of support. 



I - Rll1£:S EXPJ/:llfED AND DEMONSTRATED (R,E I ) 

LESSON 0NE. 

concm,ts aJJd 
location of centre 
obj ecte, weight, 

Gens:@l Set. 
To kn and understand • 

~oyenc,e. 
(a} lntroduotiSJ}. Facill e rel tab111t:,, anchor ge,by 

revi ing concept o-r g11avity taught in preceding unit. 
Gravity re-v1e ed a force that pull; eight as the 
measur or the amount 01" force; direction of force 
towarc! rth centre. Thus, can use plumb-line to 
indicate vertical direction or pull. oravitf act, 
pulling on all objects. The closer to earth s centre, 
the greater the pull or weight and force. Exemplify 

(b) 

(c) 

(d) 

using globe. 

Cen;te Qt tfl?iv1iy. D1 cues feel of heavy objects, e.g . 
ot. · ght doee not seem to be on the surface; it 

pul tln"ough the object; seems to be, e it ere, 
insid the object. Thi r1i where weight seems to be 
eoncentr ted, where the downward 11 crf grsv1 ty see me 
to b working, is c 11 d the centre of gravity. 

Cgntrfc of grayi ti, @Q csntg of balp.nce. · e onowte 
with rul r, by placing dex fingers at ends, mo­
ving ingere t d c ntre. monst te 1th ru.iere 
using d1tt rent c encing po 1t1ona tor ror :tinger • 
Not t t th fing w ys t 6" rk 1n line 
with cent or Tit;,. Children ac 1th rulers, 

1 rent t ting irlt • xpla that centre 
ot vi y ot an object 1 co tant. Ruler balances 
at th1 in. 

..J 



(e) 

(:f) 

238. 

Attt:b~es ot' §tab;Le ob:1egts • PMQnsyvs 1th ob~eots 
V g same boe l'&aa, similar e g :t, but di:tt'ering 

height. E tab llsh idea or low centre o'f v1 ty, 1.e. 
low squat objects ere more stable than tall objects. 
~~tra$c with objeote how larger base area contri­uesto stability, how objects with same dimensions 
but differing ""reight are stable in proportion to the 
amcunt of weigt),t. Children experiment with equipment 
(1.e. pr;agtige) to facilitate understanding . 

Review principles, attributes and concepts explained and 
demonstrated. 'J'ry to establish set o'f' anticipation 
:for next lesson. 

Concepts a~ PJ:1pc~les. 13a a.nee Po t of objects, support point in line with 
centre of gravity, both bove and below object, and 
with irregular an well as regu1a.r 3-D objecteJ 
1nc~as1ng st bil1 ty o!' objects e.t rest and in bal­
ance; line of vity 1th1n base, lOV'iering centre 
of grnvi ty by w 1dening base, increasing weight below 
line or support . 

0enem1 ~e!i • o know and understand. 

(a) 

(b) 

Bo.lapCSJ}oint O:f ObJgctg. l.)emoA§tfp.te With needle, 
string and c~rdboard circles, squares and irregular 
shapes. h the will hang evenly and flat it sus­
pended directly bov centre of grav1ty. ~D~~~~~ 
support :tram b 1 , through lin of gN.V1 ty. pp y 
to olid object , and e timate balance 01' upport 
point. stablish principle that n balancing any 
object. the point of port is directly bove or 
undern th the cerit!'e of r vity. Child . ti e 

1th object • 
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(c) a 1 t b lo er 
Demo te and expla o jects can e made stable 
by creasing the base area (e.g. ruler with plset1c1ne, 
two rulers as a step-ladder, etc.) by increasing the 
weight (e.g. add weight to ruler, thicker wood, steel 
etc.). F.xempl~ principles at work 1n constructing 
tell buildfngewide bases, lower weight centre with 
deep foundations, steel giroera etc.). Provide a 
deronatration with rul.er balanced on edge, on a needle. 
weight adJed at ends of ruler so that it then rotates 
and maintains equilibrium. 

(d) Revi,ge principleo with reference to demonstrations -
centre of gravity, line of gravity, support, attributes 
9f stable objects. Relate to pupils ' own experiences. 

II - RULES DERIVED W!TH (FTID"l~C] 

I,ES " ON CNE . 

ConceJ:tlie ~ng rincipl9e. Ae for Leeson One , R.E. 
General Set. To find out, to understand. 

§gquence. 
(a) 

(b) 

Cent~ o;r e1lv1cy;. J\ek children to teel and observe 
ojecta book, shot, ballt chunky stone, blocks of 
'7ood etc.). Ou!<11ng guea!!1ona. here is 1 t heavy? 
}<ny particular plnce? Outside, or on the surtace? 
Inside? Does the weight oeem to pull through the 
object and your bend 1n any pal'tieular place·, Where? 
'/hy might it eeem to be tbere? What could we call 
this point? 
Adl11t1opa3 81 tua!;toP:Ql exaptp1eg if nseaed • !,fan Cal'ey-
1ng a lad er, a mattress, e. tt.111 shopping bag. 

,Cent~ of Rrmg Q@ c~p of ba~apge. Ask children to 
p ce for e1'8 a end 11 marks on ruler, and 
gush fingers together. Ask them to predict where the 
1'1ngera will meet. Try 1 ° and 8" mrks, and repeat. 
G9½!1ng ~eat1ona. At hat point do you think fingers 
w1 mee ? t happened? ·.'by did they meet there? 
Where does the weight seem to be? 't'i'hat name co\114 we 
give to this point? Co.n we make any general conclusion? 



(c) 

{d ) 

(e) 

240. 

Lgcat~ o~tro of a£ov1~y. Iasue equipment - stands, 
plum -1 es, car oar shapes (regular and irregular) • 
Aek children to try and find the bal.D.nce point, centre 
of gravity, of the shapes. Use regular shapes first, 
e.g. cardboord circles. 
Qutd11ls questions. Can you find the balance point, 
the centre of gravity? Is it the aame as the middle 
point ~ Use regular and irregular shapes). Does the 
centre o~ gravity alter oosition if we turn the shape? 
··.'hat can ·we conclude?. 
~sk children to mnke predictions about more objects 
(e.g. stones, candle, bottles, blocks of wood) and to 
estimate where centre of gravity would be. Tey turn­
i ng objects to dift'erent positions to con41der the 
constoncy of the centre of crnv1 ty. 

.Attri!utis fe stable objects. Ask children to compare 
ob ec s e.g. two matchboxes, one full, one empty; 
two essence bottles, one empty nn.d the other contain­
ing sand; two candles, one tall and one short; two 
Cu1sina1re rode, one long and the other short; two 
wooden blocks with different base areas; objects 
with bases o~ dif~erent shaues). Ask children to 
estimate position of centre. of e-ravity. 
Q:u,!dipn-; gugstiora. . 'hich is the harder to tip over? 
'hich is more s able? ·,"hy' ''./hat makes one object 

more stable than another? ~re objects more stable in 
some positia1e than in others? · 'hy 
Draw concluaions trom children, and summarise them on 
the blackboard. 

Revili:f. ·:hat have we :found out today? To conclude, ask 
c ldren to draw a stable vase, or an unstable build­
ing. Try to eatnblish set of anticipation for the 
next lesson. 

,IF.SSON Ti'l'O. 

Concppts end Principleg. As for Leeson 2, R,E. 

~neral Set. To 1"1nd out, to understand. 

Seguenc;, 
(a) !)a~e poytt o:f' ob3;9t;. Issue equi nt (cardboard 

a pea, atring, neealee, washers as weights) • . Aak 
children to euapend ahnpee eo that they hang &venly 
and level. 
9U1d1~gug:t1~ re will I attach the atrillg 
make t a pe evenly'? ,'hat do you ~.tt1ce about 



(b) 

(c) 

(d) 

241. 

the point from which the card is hanging? "!/here is 
the support point 1n relation to the balance point 
(the centre of gravity)?. 
Repeat , 11th support point belcw the object. Try, 
through questions to establish relationship between 
line of gravity and support point. Through questions 
and answere , extend t ~ other environmental objects 
(e.g. Christmas decorations). 

t11n~ of grayi:t;z and base zone. Refer to equipment -
locks of wood., cardboard rectangles, plumb-lines . 
sk chi dren to diarlRce objects to differing angles, 

noting position of plumb-line. 
Gu~d~t flestions. What does the object do when it 
is tll e only slightly? Jore? Considerably' When 
does the obj eet become unstable'? V'hat happens to the 
line of gravity? ·vhat can .ve say about stable objects? 

I c a i at b 1 t b • 
Issue equipmen o le conta ing cork w th a needle 
inserted point upwards, w ehers, fine ire, rulers tor 
those who forgot their own). sk children to try to 
balance the ruler on its ed e, on needle point. 
Guiding guesti9na. \~'hat happens hen we try to balance 
ihc ruler on 1 ts edge on the point or the needle ·:· How 
could we make it balance? 1Vbat do the washers do': 
':"hat hap-pens to the centre of gravity of the ruler? 
· .here 1s the line of gravity? In what other ways can 
we make objects more stable? 

Review principles derived, by class discussion. oueations 
end answers with teacher, hints, but no 'telling '. 
Ask for environmental examples based on children• s own 
experience. 



SIMPLIFIED TASK STRUCTURE (EXPERIM]NTAL LESSONS) 

DIMENSIONS OF OBJECTS 

ffelative 
amount of: 

STABILITY OF OBJECTS 
depends upon 

CENTRE OF GRAVITY 

Relative 
position in object 

POSITION OF SUPPORT 

RelativeH Relative 
to objec to base 

HighH Low 

Regular Irregular 

Above 1 I Below 

g 
• 



r FORCF r 

l 
J I I I 

I ENERGY BODIES ACTS GRAVITY FRICTION 

J \ I I I 
Mase Inertia j As push/pull Pulling ()J)pos1ng 

I I 
in a direc- force - force 

Potential tion to weight Depends on due to overcome 
posi ticm Quantity Tendency inertia Direction mass 

to earth eurf'acea 
Kinetic- of matter to resist Balanced- centre 

motion Constant movement unbalanced Force to 
or change Related to overcome 

Forms and Propor- of direc- Parallel- distance 
change tional to tion opposed & velocity 
of forms weight Force to 

overcome 

WORK 
Results in I 

' Movement I 

Machines Change of shape STABILITY AND 
Levere No reaction BALANCE OF BODIES 
Wheel Opposite reaction 

i 
vi 
• 

Inclined plane 

(Control group lessons) (Experimental lessons) 



.1'\PT'FY~n1x C: THE GENF."1AJ, non~LS 0"" '!'HE AN~ LY8~S 
OF V,-RIJ\t-7CF J\ND OF COVl!RIA!!Cl) 

c.1 Analysis of Variance: General model for a seven-way 
exnerimont , one f nctor cei!lf." nested and doubly­
crossed. 

c.2 Sample entries from a components analysis tor a 
aeven-woy experiment , one foctor being nested 
ond doubly-crossed . 

c.3 Analysis of Covariance: Gcnerol model for a tour--
factor covariance desi gn. 
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APPENDIX C. 1: ANALYSIS OF VARIANCE: GENERAL MODEL 

The model for a seven-way experiment containing a double 
crossing of a nested factor may be written as: 

"-ijklrst = 

+ 

where 

~ijklrst 

M 

M + A. + Bj +Ck+ D1 + E 
1 r 

+ (AB)ij + (AC)ik + • • 
S1111 of fifteen terms .. 

+ (ABC)ijk + (ABD)ijl + • 
Sum of twenty terms 

+ F s 

• 

• • 

• 

• 

(EF) 
re 

(DEF}
1 re 

+ (ABCD)ijkl + (ABCE)ijkr + • • • • (CDEF) klre 
Su of fifteen teraa 

+ (A_B(Dgl)ijklr + (ABCDl') ijkle 
S1111 of eix teraa 

+ (ABCDEF)ijklrs + pijklt 

+ • 

+ (PE)ijklrt + (PF)ijklet + 

• • • (BCDIF) · jklre 

(PJ:1')1.jlcl.ral 

is the score of person (t) ~n level (1) of factor 
A, level (j) of factor B, level (k) ot factor c, 
level (1) of factor D, level (r) ot factor E and 
level (a) in factor r; 

is a component to all the scores; 

is a component coamon to all scores in level (t) 
of factor A; 

is a coaponent to all scores in level (j) of 
factor B; 

• • • • • • • • 
is a component reeulting froa the interaction ot 
level ,(i) of factor A and level (j) of factor B; 

• • • • • • • • 
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Appendix C.1: (Continued) 

(ABC) 
ijk 

(Pl) 
ijklrt 

and 

(PEF) 
ijklret 

ie a component reeulting from the interaction of 
leTel (i) of factor A, leTel (j) of factor Band 
level (k) of factor c, 
• • • • • • • • 

coa11on 
is a component~to all the ecorea of pupil (t) iil 
leTel (i) of factor A, leTel (j) of factor B, 
leTel (k) of factor C and leTel (1) of factor D; 

• • • • • • • • 

i• a coaponent resulting fro• the interaction 
between pupil (t) (in leTel (i) of factor A, leTel 
(j) of factor B, leTel (k) of factor C and leTel 
(1) of factor D),ud leTel (r) of factor E; 

• • • • • • • • 

-
(the reai•ual tera) i• a coaponent reeult~ng froa 
the interaction between pupil (t) (again in leTel 
(i) of factor A, leTel (j) of factor B, leTel (k) 
of factor C and leTel (1) of factor D) and leTel 
(r) of factor E udlaTel (•) of factor r. 

Generally, (i) rUDe froa 1 to a, (j) troa 1 to b, (k) fro• 1 to 
c, (1) from 1 to D, (r) froa 1 to c, (e) fro• 1 tot, and with 
an equal number of ecoree (n) in each cell, (t) rWl8 froa 1 to 
n. The sixty-eight contribution• to the ecore x ijklrat are all 
independent of each other, and the Aa, Ba, Ce •••• (PEF)a 
are regarded aa being drawn fro• noraall7 distributed populatio,• 
with mean• of zero and variances of <1 2 A , <J' 2B Cf' 2 C • • • • <1 
reepectiTely. 

The aodel, described abo•e, wa• deTeloped fro• a study of 
liaer (1962) and Lewia (1968). !he notation ••p~oyed follow• 
that uaed by Lewia. 



Source ot 
Variation 

A 

B 

C 

D 

. I ., 
AB 

AC . 

• • • • • • . 
DI 

DJ' 

U' 

• • • • • • 

A.CB 

• • • • • • 

APPDDIX C 21 SAMPLE ENTRIES FROM A COMPONENTS ANALYSIS FOR A 8EVEN-WAY 

EXPERIMEJfT 1 OIE FACTOR BEING NESTED AND DOUBLY CROSSED 

-- --- - -
Degre•• of Mean 
: 'fnedoa 

Sq11are 

--~ -- ----· .. ··-· 

a-1 (1 iEJ'. ABCD + 

b-1 (f 
2 

PEF. ABCD + 

c-1 
2 

(1 PEJ'.ABCD + 

d-1 
2 

er PEF.ABCD + 

•-1 
2 

(1 PEF.ABCD + 

f-1 
2 

<f PEF. ABCD + 

(a-1)(1>-1) 2 
Cf PJ:F.ABCD + 

(a-1Ho-1) 
2 

(! PEJ'.ABCD + 

(cl-1He-1) . 
2 

C1' PEF.ABCD + 

(d-1)(f-1) 
2 

er PEF.ABCD + 

(e-1)(t-1) 2 
(j PEI'. ABCD + 

(a-1)(o-1)(e-1) 2 
(j PEF.ABCD + 

Expectation 

--- •··- - --- . - -
2 + ef<J P.ABCD 

2 . 
ef<f P.ABCD 

2 
et<1 P.ABCD 

2 
et<! P•ABCD 

2 
tC1' PE.ABCD 

2 
eC'f PJ'.ABCD 

2 
et<1 P.ABCD 

2 
et<! P.ABCD 

2 
f<1 PE.ABCD 

2 
eO" PF. ABCD 

2 
et<1 P.ABCD 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

2 + 
t<T PE.ABCD 

pbcdetcr 2 
A 

pacdetO" 2 
B 

pabdetcr 2 
C 

pabcetcr 2 · 
D 

pabcdf<1 2 
E 

pabcdecr ~ 
1' 

pcdetef-AB 
pbdef<T 2 

AC 

2 
pabcfO" DE 

2 
pabce<T DF 

2 
pabod<T EF 

2 
pbdfO" ACE 

I 
- -i 

I 

I 

I 

Appropri ate] 
Error Tena 

p 

p 

p 

p 

PE 

PF 

p 

p 

PE 

PF 

PEF 

PE 

! I 
J_ -- --- - __ _J 

!; 
• 
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Appendix c. 2s (Continued) 

Source of 
Variation 

Degr••• of 
,~eedOll J Mean 

--- ------- -··---- - -· -- ----- --- --

Square ,- Expectation 

- -- ·--------- - - ·- ·------

- · ,·· .. . .. - - ----·, 
Appropriate 

iError T•r• 
- ------- ··· ·- ·--· --1 ·- . ----·-' 

I ABEJ' 
I 

(a-1)(b-1) ••• (f-1) (r 2 . 
Pll.ABCD + 

2 
etfT P.ABCD + 

2 
pcd<T ABEF PEF 

I 

I 
I I ABCDBJ' I 

I P •i thin ABCD I 
I 

product of 4 terms 

2 
(a-1)(b-1) ••• (t-1) ! (J" PEF.ABCD 
product of 6 teraa 

2 abed (p-1) 0- PEJ'.ABCD 
' I PB 

within ABCD 

2 abed (p-1)(e-1) I (J" PEJ'. ABCD 
I 

+ 2 
ef<J' P.ABCD 

+ efO" 
2 

p • .A.BCD 

+ ta2PE.ABCD 

+ 
2 

p(T ABCDEJ' PEF 

PEF 

PEF 

I I pp 
I •i thin ABCD /. 

2 abccl (p-1)(t-1) I <1' p1r. ABCD 
2 + eC1' PF• ABCD PEF I 

I 
PEP. 2 I 

I 

withia ABCD 
abed (p-1)(e-1)(f-1) I (j PEF.ABCD 

' I ' l - ---·· ··-·· ·- _______ l _____ _ - -·- -- ' 
1• Th••• are writtea for a leTele of A, b leTel• of B, c leTels of c, -• ., leTele ot D, e leYele of E, 

t leTela of P and p leTele of P within each of the abed cross claaaiticatione of A,B,C,D. 

2 • A,B,C,D,l,J'· ar• taken to be fixed effecte, and Pa randoa effect. The choice of notation follows 
a recoueaclatioa in Lewis (1968) tor aixed aodela. 

}. All appropriate error tera to eTaluate a source of Yariation is giTen by the mean square• estimating 
all but the lut coaponent in the aean square expectation for the source of variation (Lewis, 1968). 
fllia laet coaponent in the aeaa square expectation is the component inTolving the specific effect 
beiag teated. t\) 

::"· 
co 
• 



APPENDIX C. 3: ANALYSIS OF COVARIANCE: GENER.AL MODEL 

Aaauming an A x B x C x D factorial experiment having (3i) 
ebaerTations in each cell, the model tor a four factor coTariance 
design may be written as: 

where 

M 

(ABCD)ijkl 

a 

and 

M +Ai+ Bj +Ck+ D1 + (AB)ij + (AC)ik + (AD)il 

+ (BC)jk + (BD)jl + (CD)kl + (ABC)ijk + (ABD)ijl 

+ (ACD)ikl + (BCD)ijl + (ABCD)ijkl +Rxijklt 

+ eijklt 

is the score ot person (t) in leTel (i) of factor A, 
lev•l (j) of factor B, leTel (k) ot factor c, and 
leTel (1) ot factor Don the dependent •••eure; 

ie a component common to all the scores fro• the 
dependent aeasure; 

ia a component coamon to all the dependent aeaaure 
scores in leTel (i) ot factor A; 

ie a component common to all the dependent aeaaure 
acoree in leTel(j) ot !actor B; 
• • • • • • • • 
ie a component resulting fro• the interaction ~f 
level (i) ot !actor A and level (j) of factor B; 

• • • • • • • • 

ie a coaponent resulting from the interaction of 
leTel (i) of factor A, leTel (j) of factor B, leTel 
(k) of factor C and leTel (1) of factor D; 

is the regression of the coTariate on the dependent 
aeaeure, and is co-on to all the groups; 

is the score on the coYariate ot person (t) in leTel 
(i) ot factor A, leTel (j) of factor B, leYel (k) 
of factor C and leTel (1) of !actor D, ·thi• score 
being expressed aa a deTiation fro• the oYerall ••an 
acore of the coTariate; , 

is a component specific to person (t) in level (1) of 
factor A, leYel (j) of factor B, level (k) of factor 
C and level (1) of factor .J). 
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Appendix c. 3: (Cont i nued) 

Generali.,,, (i) runs from 1 to a, (j) froa 1 to b, (k) fro• 1 to c, 
(l) from 1 to d, and with an equal nuaber of acoree (n) in each 
cell, t runs from 1 ton. The eighteen contributions to the score 
Yijklt are all independent of each other, and eijklt is such 

that for any given (ijkl) entry it can be regarded ae drawn fro• 
a noraally distributed population with means of zero and a 
Tariance of er 2. 

The aodel described above, waa deYeloped fro• a atudy of 
Winer (1962) and Lewie (1968). The notation employed follows that 
uaed by Lewie. 



A PPR!IDI}£, DI V}BJE§ OF &~sums FRQM TJW 
v.1mr9us .ANALY§Es 

251. 

D.1 The main analysis ot' variance model: -partitioning 
pattern and degrees of freedom. 

D.2 Table A. The main analysis of variance. 

n.3 Table B. .Analysis of covariance, Test IA. 

D.4 Ta.b1e c. Analysis of covariance, Teet II.A. 

D .5 Table D. Analysis of' covariance, Test IB. 

n.6 Table E . Analysis of' covariance, Test IIB. 

D. 7 Table P. Analyeis of' variance, Test IA. 

n.8 Table G. Analysis of' variance, Test IIA. 

D.9 Table H. f..nalys1s of variance, Teat TB. 

n .1 0 Table I. A~~lysis or va.ria~e, Test IIB. 

D.11 Table J. Means end adjusted means for selected 
factors. 

D.1 2 Table K. Treatment means and other data. 



B ET WEFN CELLS 

Main Effects: a.,. 
Terms. 

lntera.cttou: 
First Order a.r. 

Terms. 

Second Order a.r. 
Terms. 

Third Order a.r. 
Terms. 

Fourth Order a.,. 
Term.s. 

Fifth Order a.r. 
Terms. 

THE 1,',AI N AN 1
' LY'-315 Ol: VAR IJ\NC C 2'-0DEL -

(Partitioning pattern and degrees of freedom) 

A. 
1 
6 

TOTAL V ,HI.A.Th N 

B. C . 
1 ? 

D. 
1 

r . 
1 

F . 
1 

/\x D •••••••••••••••• l~xF 
20 
15 
AxBxC ••••••••••• Dxf:xF 
30 
20 

AxBxCxD ••••••• CxDxExF 
25 
15 
AxBxCx Dx E •• DxCxDx ExF 
11 
6 

Ax Bx<....x 0x t x F 
2 
l 

WITHIN CELLS 

P -3etween pupils 
within i\xBxCxD 
d. f. 96 
Terms 1 

PxE - Pupils x objectives 
within AxBxCxD 
d.f. 96 
Terms 1 

Px F - Pupils x occasions 
within AxBxCxD 
d.f. 96 
Terms 1 

Px ExF - Residual variation 
within AxBxCxD 
d.f. 96 
Terms 1 

Total d.f. 479 f\) 

\J1 
t\) 

• 



TABLE A . A AIN /,NALYSIS OP V.t\R l l\NCC 

Source Sum of Squares d.f. lv1ean Square Frror Term F - Ratio P - Value 

A 1.875 1 1.875 p 9.135 1.00 
B 140.833 1 140.833 p 9.135 15.41 .001 
C 23.829 2 11.914 p 9.135 1.30 
D 22.533 1 22.533 p 9.135 2.47 .20 

E 0.133 1 0.133 Px-r: 2.458 1.00 

F 0.208 1 0.208 PxF 2.223 1.00 

AxB 10.800 l 10.800 p 9.135 1.18 

AxC 12.838 2 6.419 p 9.135 1.00 

Ax'D 19.200 1 19.200 p 9.135 2.10 
AxE 4.800 1 4.800 PxE 2.458 1.95 
AxF 0.209 1 0.209 PxF 2.223 1.00 

BxC 12.280 2 6 .140 p 9.135 1.00 

BxD 9.076 1 9.076 p 9.135 1.00 

BxE 16.876 1 16.876 PxE 2.458 6.87 .025 
BxF 4.034 1 4.034 PxF 2.223 1.81 

CxD 27.155 2 13.578 p 9.135 1.49 
CxE 2.255 2 1.122 PxE 2.458 1.00 
CxF 1.755 2 o.878 PxF 2.223 1.00 

I\) 

DxE 1.409 1 1.409 PxE 2.458 1.00 t: 
• 



T ABL ,, . 1' I N /\~ALY SIS OF VAIUANC' (Continued) 

Source Sum ot Squares d.f. Mean Square r~rror Term r - Ratio P - Value 

DxF 9.634 1 9.634 PxF 2.223 4.33 .05 
ExF 0.534 1 0. 534 PxExF 1.671 1.00 

AxBxC 1.288 2 0 .644 p 9.135 1.00 
AxBxD 1.408 1 1.408 p 9.135 1.00 
AxCxD 2.112 2 1.056 p 9.135 1.00 

,. 

BxCxD 16.588 2 8.294 p 9.135 1.00 
AxBxC 0.208 1 0 .208 PxE 2.458 1.00 
AxCxE 16.462 2 8.231 PxE 2.458 3. 35 .os 
BxCxE 4.588 2 2.294 Px E 2.458 1.00 
AxDxE 0.075 1 0.075 PxE 2.458 1.00 
BxDx'E 0.533 l 0. 533 f"l • . 

t X i, 2.458 1.00 
CxDxE 2.279 2 1.140 Px~ 2.458 1.00 

ABF 2.700 1 2.700 Px F 2.223 1. 21 
ACF 1.079 2 0.540 PxF 2.223 1.00 
BCF 2.004 2 1.002 PxF 2.223 1.00 
ADF 0.133 1 0 .133 PxF 2.223 1.00 
BDF 0.075 1 0.075 PxF 2.223 1.00 
CDF 1.379 2 0.690 PxF 2.223 1.00 I I\) 

t 
• 



T ABLE A. MA IN ./\N/\LYS IS OF V AR I ANCE ( Continued) -
Source Sum of Squares d.f. ~ ean Square Crror Term F - Ratio P - Value 

AEF 0.033 1 0.033 PxExF 1.671 1.00 

BEF 0.008 1 0.008 PxExF 1.671 1.00 

CEF 0.129 2 0.064 PxExF 1.671 1.00 

DEF 1.875 1 1.875 PxExF 1.671 1.12 

ABCD 1.979 2 0.990 p 9.135 1.00 

ABCE 2.329 2 1.164 PxE 2.458 1.00 

ABDE 1.':JX) l 7.':JX) PxE 2.458 3.05 .10 

ACDE 3.238 2 1.619 PxE 2.458 1.00 

BCDE 6.926 2 3.463 PxE 2.458 1.41 

ABCF 1.462 2 0.731 "PxF 2.223 1.00 

ABDF 0.075 1 0.075 PxF 2.223 1.00 

ACDF 0.954 2 0.477 PxF 2.223 1.00 

BCDF 4.512 2 2.256 PxF 2.223 1.01 

ABEF 7.008 1 7.008 PxExF 1.671 4.19 .os 
ACEF 5.954 2 2.977 PxExF 1.671 1.78 .20 

BCEF 1.129 2 0.564 PxExF 1.671 1.00 

.ADEF 0.008 1 0.008 PxExF 1.671 1.00 

BDEF 0.033 1 0.033 PxExF 1.671 1.00 

s.488 I 
l'I) 

CDEF 2 2.744 PxExF 1.671 1.64 V1 
IJl 
• 



TABL E A. MAIN ANALYSI S OF VARIANC E (Continued) 

Source Sum of Squares d.f. Mean Square Error Term F - Ratio P - Value 

ABCDE 0.388 2 0.194 Px,... ,~ 2.458 1.00 
ABCDF 0.388 2 0.194 Px.F 2.223 1.00 
ABCEF 1.954 2 0.977 PxExF 1.671 1.00 
ABDEF 2.700 1 2.700 PxExF 1.671 1.62 
ACDEF 1.029 2 0.514 PxExF 1.671 1.00 
BCDEF 0.104 2 0.052 PxExF 1.671 1.00 

ABCDEF 9.612 2 4.8o6 PxExF 1.671 2.88 .10 
Pupils (P) 

877.000 96 within ABCt> 9.135 PxExF 1.671 5.47 .001 
PxE(wtthin 
ABCD) 236.000 96 2.458 PxExF 1.671 1.47 .05 
PxF(withm 
ABCD) 213.400 96 2.223 PxExF 1.671 1.33 .10 
Restdaal(PEF) 
within ABCD 160.400 96 1.671 
Total 441.992 479 
s,!!!mary 
1. Total sum 

of squares 1928. 792 
2. between 

479 

cells s.s. 441.992 95 
J. Within I\) 

U't 
cells s. •. 1486. 800 384 CJ\ 

• --



TABLE B. ANALYSIS OF COVARlANCT . TFST IA. {OBJECTIVF : Understanding 

OCCA 5 10N: One) 

Source Swn of Squares d.f. Mean Square F - Ratio P - Value 

A. Teachers 1.453 1 1.453 1.00 
B. Methods 55.318 1 55.318 19.46 .001 
C. Cognitive 

1.956 0.978 Style 2 1.00 
D. Sex 18.007 1 18.007 6.34 .025 

A.B. 0.994 1 0.994 1.00 

A .C. 15.430 2 7.715 2.71 .10 
A.D . 2.770 1 2.770 1.00 

B.C. 12.461 2 6.230 2.19 .20 
B.D. 0.000 1 0.000 1.00 

C.D. 8.543 2 4.271 1.50 

A.. B.C. 2.077 2 1.038 1.00 

A. .B.D. 1.229 1 1.229 1.00 
A.C.D. 0.812 2 0.436 1.00 

B.C.D. 3.327 2 1.664 1.00 

A. .B.C.D. 2.236 2 1.118 1.00 

Error 270.03) 95 2.842 

Total 118 

> :g 

!~ 
't:,1 
:t:1 

"' ~ 
• 



TABLE C . ANALYS IS OF COVARIANC E. TEST HA. (OBJECTIVT~ : Application > 

OCCASION : One ) 

Source Sum of Squares d . f . Mean Square F - 'R atio P - Value 

A . Teachers 16.165 1 16 .165 6 . 96 . 01 
B . Method s 7. 964 1 7. 964 3. 43 .10 
C. Cognitive 5. 805 2 2. 902 1.25 

Style 
D. Sex 52. 923 1 52. 923 22.78 . 0()1 

A . B . 2. 173 1 2.173 1.00 
A . C . 7. 483 2 3. 742 1.61 
A. D . 1. 916 1 1. 916 1.00 
B .C. 4.244 2 2. 122 1.00 
B . D. 0 .026 1 0 . 026 1.00 
C . D. 1.482 2 0 . 741 1.00 

A . B . C . 2. 067 2 1. 034 1.00 
A .B. D. 0 . 048 1 1.048 1.00 
A.C.D. 1.880 2 0 . 940 1.00 
B.C.D. 3. 872 2 1. 936 1.00 

A . B . C . D. 4.136 2 2. 068 1.00 

Error 220 . 647 95 2. 323 

Total 118 
~ 
QJ 
• 



TABLED. 

Source 

A. Teacher 

B. Methods 

C. Cognitive 
Style 

D. Sex 

A. B. 
A.C. 
A. D. 
B.C. 
B.D. 
C.D. 

A. B.C . 
A.B.D. 
A.C.D. 
B.C.D. 

A.B.C.D. 

Error 

Total 

ANALYSIS OF COV.A'Rl'\NCT: . T EST IB. (OBF"CTIVE : Understanding 

OCCASION : Two) 

Sum of Squares d.f. l. ean SqWlre F - f.atto P - Value 

1.599 1 1.599 1.00 

25.379 1 25.379 9.56 .01 

2.032 2 1.016 1.00 

8.'387 1 8.387 3.16 .10 

0.043 1 0 .043 1.00 

G.379 2 3.190 1.20 

4.186 1 4.186 1.58 

9.296 2 4.648 1.75 .20 

1.008 1 1.008 1.00 

2.7:!IJ 2 1.365 1.00 

1.511 2 0 . 756 1.00 

7.094 1 7.094 2.67 .20 

0.655 2 0.328 1.00 

1.827 2 0.914 1.00 

6.691 2 3.346 1.26 

252.162 95 2.654 

11s f\) 
\,JI 
\0 
• 



TABLE E . ANALYSIS OF COVARIANC E. T EST IIIl . (OBJECTIVE : Application 

OCCASION : Two) 

Source Sum of Squares d.f. .rv',ean Square F - Ratio P - Value 

A. Teachers 9.851 1 9. 851 3.110 .10 
B. Methods 2.378 1 2.378 1.00 

C. Cognitive 6.009 2 3.004 1.00 
Style 

6.753 6.753 D. Sex 1 2.132 .20 

A.B. 8.697 1 8. 697 2.75 .20 

A.C. 1.617 2 0.808 1.00 

A.D. 2.927 1 2.927 1.00 

B.C. 5.139 2 2.570 1.00 

B.D. 0.070 1 0.070 1.00 

C. D. 3.591 2 1.796 1.00 

A.B.C. 1.415 2 o. 708 1.00 
A.B.D. 3.032 l 3.032 1.00 

A.C.D. 7.464 2 J.732 1.18 
B.C.D. 11.340 2 5.670 1.80 

A.B.C.D. 3.198 2 1.599 1.00 

Error 300.980 95 J.168 

Total 118 

> 
."O 

J1 

>< 
t.1 
• 
°' 

I\) 

@ 
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TABLE F. 

Source 

A. Teachers 

B. Methods 

C. Cognitt'Ye 
Style 

D. Sex 

A.B. 
A.C. 
A.D. 
B.C. 
B.D. 
C.D. 

A.B.C. 
A.B.D. 
A.C.D. 
B.C . D. 

A.B.C.D. 

Error 

Total 

ANALYS IS OF VAF LA NCE . T ES T IA. (O BJECTIVE : Understanding 

OCCASION : One) 

Sum of Squares d.f. Mean Square F - Ratio P - Value 

0.075 1 0.075 1.00 
81.675 1 81.675 22.43 .001 
4.067 2 2.034 1.00 

7.067 1 7.067 1.90 .20 

3.675 1 J.675 1.01 
18.200 2 9.100 2.50 .10 

4.350 1 4.350 1.19 
6.200 2 3.100 1.00 
1.817 1 1.817 1.00 

14.408 2 7.204 1.91 .20 

2.600 2 1.300 1.00 

o.066 1 0.066 1.00 
2.525 2 1.262 1.00 

1.858 2 0.929 1.00 -
4.809 2 2.404 1.00 

349.600 96 3.642 -
119 

> 
;'"d 

N> 
~ 
• 



TABLE G. ANALYSIS OF VARIANCE. TEST IIA (OBJECTIVE: Application 
i> 

OCCASION: One) 

Source Sum of Squares d.f. Mean Square F - Ratio P - Value 

A. Teachers 4.408 1 4.408 1.18 

B. Methods 23.408 1 23.408 6.25 .025 
C. Cognitive 9.517 2 4.758 1.27 

Style 
D,. Sex 27.075 1 27.075 7.23 .01 

A.B. 0.076 1 0.076 1.00 

A.C. 6.117 2 3.058 1.00 

A.D. 3.725 1 3.725 1.00 

B.C. 3.317 2 1.658 1.00 

B.D. 3.675 1 3.675 1.00 

c.o. 8.7~ 2 4.375 1.17 

A.B.C. 2.449 2 1.224 1.00 

A.B.D. 0.958 1 0.958 1.00 
A.C.D. 0.100 2 0.050 1.00 

B.C.D. 6.450 2 3.225 1.00 

A.B.C.D. 0.367 2 0.184 1.00 

Error 359.608 96 3.746 

Total 119 ! 
• 



TABLE H. ANALYSI S or VAtIJ,NC r- . 

" Source Sum of Squares d . f. 

A . Teachers 0.300 1 
D. Methods 48.133 1 
C. Cognitive 4.317 2 

Style 
o.833 D. Sex 1 

A.B. 0.334 1 
A. C. 9.150 2 

A.D. 6.534 1 
B.C . S.617 2 

B.D. 0.834 1 
C.D. 10.617 2 

A.B.C. 1.116 2 

A.B.D. 2.132 1 
A.C.D. 2.116 2 

B.C.D. 3.516 2 

A. B.C.D. 2.218 2 

I'rror · 371.200 96 

Total 119 

T EST IB. ( OBJI· CTIV E : Understanding 

OCCASION : Two) 

l. ean Square F - F atio P - Value 

0.300 1.00 

48.133 12.45 .01 
?..153 1.00 

0.333 1.00 

0.334 1.00 

4.575 1.13 

G.534 1.69 .20 

2.303 J.00 

0.834 1.00 
S.308 1.37 

0.558 1.00 

2.132 1.00 

1.058 1.00 

1.758 1.00 

1.109 1.00 

3. 8C7 

> 
""d 

~ s 
. ,'< 

t:J 

I\) 
0\ 
\,a 
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TABLE I. ANALYSIS OF VARIANCE . TEST UB. (OBJECTIV'C : Application 

OCCASION : Two) 

Source Sum of Squares d.f. lv1ean Square F • Ratio P • Value 

A. Teachers 2.133 1 2.133 1.00 

B. Methods 8.533 1 8.533 2.02 .20 

C. Cognitive 10.067 2 5.034 1.19 
Style 

D. Sex 0.533 1 0.533 1.00 

A.B. 16.134 1 16.134 3.81 .10 
A.C. 2.867 2 1.434 1.00 

A.D. 4.801 1 4.801 1.13 
B.C. 4.867 2 2.434 1.00 

B.D. J.333 1 3.333 1.00 

C.D. 2.4£,7 2 1.234 1.00 

A.B.C. 1.000 2 0.500 1.00 

A.B.D. 8.533 1 8.533 2.02 .20 

A.C.D. 2.599 2 1.300 1.00 

B.C.D. 16.467 2 8.234 1.95 

A.B.C.D. 4.733 2 2.366 1.00 

Error 406.400 96 4.233 

Total 119 I\) 

~ 
• 



Design 
Source 

Analyais 

of 

Covartan.ce 

Analysts 

of 
Covariance 

Main 

Analy'aia 
of 

Vart.ance 

TABLE l· M EAN S AND ADJU~_:r c o MEANS FOR SEL ECTE D F ACTORS 

Dependent Factor UnacLJuated Means Adjusted Means 
Vari.able R. E. R.D. Total R. E. R.D. Total 

Teat 1A Treatments 6.17 4.52 5.34 
I 

6.03 4.65 5.34 
Ten llA Treatment• 5.68 4.80 5.24 I s.so 4.98 5.24 
Teat IB Treatments S.87 4.60 s.23 s.10 4.77 5.23 
Test IlB Treatments 5.53 s.oo 5.27 5.38 5.16 5.27 

Boys Girls Total Boys Girls Total 

Teat IA Sex s.ss 5.10 5.34 5.64 s.os 5.34 
Teat llA Sex s.12 4.77 5.24 5.92 4.57 5.24 
Teat lB Sex 5.32 5.15 5.23 s.so 4.96 5.23 
Teat IlB Sex 5.33 5.20 5.27 5.51 5.02 s.21 

Level I Level n Level Ill 

Achienment Teachers 5.33 5.21 -
tn Treatments 5.81 4.73 -

Science as Styles 5.56 5.24 s.01 

a whole Sex 5.49 s.os -
Objective• 5.29 5.25 -
Occasions 5.29 5.25 

> 
1"lj 
1-i,j 
.~ 
d 
H 
~ 

t1 
~ ..... 

~ 
u, 
• 



266. 

APPFtm!Y n,12 

TABLF L----1:Fr.ATME, T MEANS AND OTHER DATA 

Statistic . Test 1A I Test llA Test IB Test UB 
I 

R . E . l\l ean 6.166 S.683 S.866 5.533 

R . D. lv ea.n 4.516 4 .800 4.600 s.ooo 
I 

Difference I 1.650 .333 1.266 .533 
I ' 

S . F. 
'D .596 I .589 .587 .605 

Total Mean 5.341 5.242 5.233 5.266 

Total S.D. 2.056 1.966 1.986 2.040 

Faw Score 12.94 I 10.so 12.881 11.38 Total Mean 
I 

N 120 I 120 120 120 
I 



........................... : '.IOEK .,t!\~IQFS FOR TEACli3RS M D 

TR~ II._ T'~ITG 

The :,1A tr1ces show the percenta["es 1n each category f'or 

c. nch teacher within each treatment, together with the 

major teaching moves for each teacher i n each treatment. 



268. 

WORK MATR!X 

TEACHER ONE: TREATMENT R. 'F.. 

1 2 3 4 5 6 7 8 9 10 
1 1 

2 1 8 9 8 2 5 1 

3 1 4 5 2 1 1 1 2 

4 8 5 10 --tG) 19 7 -
B 
~ // 5 287 2 / 5 20 

/ -
' 

V 

6 I 4 ~ 5 1 5 I • ~ . -
7 l/ ~ · 1 

I / 
8 €5 1 1 2 1 

9 18 4 4 2 3 35 4 

10 ........ 1 9 22 2 3 57 T_, 

TOTAL 2 33 17 61 334 20 9 19 67 96 658 

o/o o.o~ 
. ·- 5.(); 2.61 9.36 53.44 3.(); 1 .38 2. 91j1o .2E 14.72 



WORK MATR!X 

TEACHER TWO: TREATMENT R.E. 

,_ 
' 

1 2 3 4 5 6 7 8 9 10 
1 2 1 

2 8 6 1 

3 3 3 4 2 

4 1 15 13 
L.-----~ 4 9 ~---- V 5 @ 273 1/. 25 

6 V V 

I 4 !/ 1 
-

7 I/ V 
8 G) V 

1 1 2 2 

9 5 5 3 

10 24 I 
Matria 

1 ' 10 1 30 T..t 

TOTAL 3 15 12 ·55 317 4 0 18 10 67 501 

o/o 
. I 

0.60 2.99 2.39 10.98 63.27 0.80 o.o . 3.59! 2 .00 . 13.37 
.. 



270. 

WORK MATR!X 

TEACHER ONE: TREATMENT R.D. 

~ 

,_ 
1 2 3 4 5 6 7 8 9 10 

' 

1 2 7 1 

2 2 2 6 e 5 4 7 3 ti 
I'-... 

3 I 
....______ 

·-

1 1 7 / 4 2 "-·,, j 1 1 1 ,, · --....._ 

~, 

t@ 4 I 
--------1 1 1 , 78 4 2 17 15 

I / 5 I 8 26 2 3 I / I 

7 VT 

6 I 5 / . -37 1 3 1 1 1 1/ 
- -

7 I / 
[,,./ 1 

/ 

8 @ V 
1 4 8 2 24 1 

9 1 15 2 5 53 

10 I 
Natrfa 

2 2 16 1 12 3 2 78 T-.t 

TOTAL 10 63 20 160 38 56 2 78 77 115 619 

% 
I 

1 .62 Ho .18 3.23 25.85 6.14 9.05 0.31 12£, ~ 12-4~ 1858 



271. 

WORK MATRIX 

TEACHER TWO: TREATMENT R.D. 

1 2 3 4 5 6 7 8 9 10 
1 2 2 1 1 

2 1 1 9 ® 2 5 4 3 
r---.. 

3 2 /6 ~ K 1 1 

4 1 I 51 7 7 
~ 
~ 18 14 

/ 

5 I 12 35 4,/ V . 1 3 
,.,/' . 

I V 

6 1 1 9 z"" 46 1 2 23 
/ 

7 I ,,/ 
/ 

1 1 a v ' 3 
.,/ 

8 ;@ V 
3 2 2 "2 

9 1 22 3 1 3 2 49 4 

10 2 2 18 7 10 2 2 132 
..... 
T...a 

TOTAL 8 44 14 127 56 78 6 25 77 184 619 
l 
I 

o/o 
I 

1 .29 7 .11 2.26 ro.52 9-~ 12.60 0.97 4-~12~ 29.73 
I 
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