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ABSTRACT 

The need f o r a g rea te r understanding o f the t e a c h i n g - l e a r n i n g 

process i n h igher educat ion i s c l e a r l y ev iden t from the r a p i d 

increase i n research a c t i v i t y i n t h i s area over the l a s t decade. 

Economic and p o l i t i c a l pressure o f t e n de f i nes the r a t i o n a l e f o r 

such research i n terms of increased e f f i c i e n c y ; i t i s the author 's 

con ten t i on t h a t such an outcome might s t i l l r e s u l t even i f the 

emphasis i s s h i f t e d towards e f f e c t i v e n e s s . Indeed i t i s the body 

of academics who are concerned w i t h s t a f f development t h a t have 

redef ined the problem i n these terms. Much research has 

concentrated on the outcomes of the t e a c h i n g - l e a r n i n g process i n 

order t o t r y and measure teaching e f f e c t i v e n e s s . W h i l s t i t cannot 

be denied t h a t these researchers have recorded some i n t e r e s t i n g 

observa t ions , the author has shown t h a t t h i s pe rspec t i ve on the 

problem presents a l ess than complete p i c t u r e . 

I n the work repor ted i n t h i s t h e s i s an adap ta t i on of a Repertory 

Grid methodology based on the p r i n c i p l e s o f Personal Construct 

Psychology was used p r i m a r i l y t o examine i n d e t a i l the ways i n 

which d i f f e r e n t teachers and students perce ive the r o l e s of them­

selves and others i n the teach ing - l ea rn i ng process -̂nd t o exp lore 

t h e i r perspect ives on the range o f pedagogic s t y l e s commonly 

u t i l i z e d by the educators. 

The author has been able t o demonstrate t h a t groups o f students and 

teachers who share common a t t i t u d e s towards the d i s c i p l i n e of 

physics are more l i k e l y to demand a common pedagogic s t y l e i n order 

t o f a c i l i t a t e e f f e c t i v e , and t h e r e f o r e e f f i c i e n t l e a r n i n g . The 

development o f an a t t i t u d e sca le enabled these groups of common 

a t t i t u d e t o be i d e n t i f i e d on fou r a t t i t u d i n a l components, ran;.:;-:; 

from exam o r i e n t a t i o n t o pleasure from phys ics . The author 

i n v e s t i g a t e s a number o f hypotheses r e l a t i n g a t t i t u d e and pedagogic 

s t y l e . The conclus ions drawn from the data enable the author t o 

make comment on the v a l i d i t y o f a number o f commonly he ld 

misconceptions w i t h i n the arena of physics teach ing i n higher 

educat ion. 



INTRODUCTION 



1,1. Doc to ra l Theses can o r i g i n a t e , i t seems, i n two r a t h e r 

d i f f e r e n t ways. One increasingly-common method i s f o r the 

researcher t o sub jec t some a l ready -es tab l i shed body of 

l i t e r a t u r e t o an " i n -dep th " s c r u t i n y , w i t h a view t o i d e n t i ­

f y i n g quest ions and issues which look as i f they ought t o be 

examined more c l o s e l y . T y p i c a l l y , the aim of such an exerc ise 

i s t o uncover poss ib le paradoxes and anomalies, hidden 

assumptions, suspect methodologies, d o u b t f u l l o o k i n g chains o f 

reasoning, c o u n t e r - i n t u i t i v e a s s e r t i o n s , a l t e r n a t i v e explan­

a t i o n s , seemingly-suspect f i n d i n g s , and so on. The ensuing 

t h e s i s work then c o n s i s t s i n a t tempt ing t o reso lve or ( a t the 

very l e a s t ) i l l u m i n a t e some of the quer ies t h a t the l i t e r a t u r e 

search managed t o r e v e a l . The p o i n t t o be noted about research 

of t h i s k i n d i s t h a t i t i s a body o f l i t e r a t u r e - o r , more 

p r e c i s e l y , the d e f i c i e n c i e s i n such l i t e r a t u r e - t h a t i s the 

main source of i n s p i r a t i o n f o r whatever hypotheses are t e s t e d . 

I n o ther words, the hypotheses t h a t get t e s t e d are a r e a c t i o n t o 

the l i t e r a t u r e , r a t h e r than a r e a c t i o n to problems t h a t present 

themselves i n the r e a l wo r l d . 

1.2. The work repor ted i n t h i s t h e s i s d i d not o r i g i n a t e i n t h i s way, 

The o r i g i n a t i n g ideas d i d not come from some a l r e a d y - e x i s t i n g 

t;c-Jy of l i t e r a t u r e . Rather, they were the outcome o f severa l 

years o f personal r e f l e c t i o n on the problems of teach ing under­

graduate l e v e l physics i n the FE/HE area. 

1.3. To the consc ien t ious teacher, teach ing poses a wide range of 

d i f f i c u l t and cha l l eng ing problems. This seems t o be 



p a r t i c u l a r l y t r u e o f teach ing which i s aimed a t f i r s t year 

undergraduates - because i t i s d u r i n g the f i r s t year t h a t 

s tudent a t t i t u d e s (toward the s u b j e c t matter being taugh t ) are 

l i k e l y t o "harden." To make mat ters worse, the re are c e r t a i n 

sub jec t s - and physics ( l i k e mathematics) i s g e n e r a l l y agreed 

t o be one o f these - t h a t seem, f o r reasons which are by no 

means w e l l understood, t o be "ex t r a d i f f i c u l t " t o teach 

e f f e c t i v e l y . The teach ing of physics t o f i r s t year under­

graduates i s , t h e r e f o r e ^ a doubly hazardous venture . I t i s 

hazardous by v i r t u e of the s tudents being i n t h e i r f i r s t (and 

probably most impressionable) year, and i t i s hazardous by 

v i r t u e of c e r t a i n s p e c i a l d i f f i c u l t i e s t h a t seem t o inhere i n 

the very nature of the sub jec t mat te r . However consc ien t i ous 

and w e l l i n t e n t i o n e d the teacher might be, i t i s a l t o g e t h e r too 

easy f o r students t o be " turned o f f " - even t o the p o i n t of 

dropping out - by what they ( i . e . the s tudents themselves) 

regard as bad teach ing . 

1 .^ . Th is , then, was the problem t h a t f i r s t presented i t s e l f t o the 

present w r i t e r back i n 1971 - s h o r t l y a f t e r he had been 

appointed, as a q u a l i f i e d physics teacher, t o teach physics t o 

f i r s t year students i n a Col lege of Fur ther Educat ion. The 

proDlem, i n i t s most general form, i s t h a t o f d i s c o v e r i n g ways 

i n which such teaching might be rendered more e f f e c t i v e . 

C l e a r l y , t h i s p a r t i c u l a r problem d i d not emerge from any reading 

of the p r o f e s s i o n a l l i t e r a t u r e . Rather, i t mani fested i t s e l f 

as a press ing and r e c u r r i n g problem i n a r e a l - l i f e teaching 

s i t u a t i o n . As a c o r o l l a r y , i t f o l l o w s t h a t the r e l e v a n t 



l i t e r a t u r e ( i . e . l i t e r a t u r e r e l e v a n t t o s o l v i n g the problem) 

had t o be sought a f t e r the problem had appeared. 

1.5. There are obv ious ly many poss ib le r e a c t i o n s t o the k ind o f 

problem j u s t descr ibed. For example, an exper t i n cu r r i cu l um 

design might seek t o redesign the f i r s t year physics c u r r i c u l u m . 

An exper t i n human m o t i v a t i o n might look f o r novel i n c e n t i v e s . 

An exper t i n micro- teaching or a u d i o - v i s u a l a ids might e x p e r i ­

ment w i t h d i f f e r e n t ways of p resen t i ng the normal f i r s t year 

m a t e r i a l . An exper t i n i n d i v i d u a l i s e d teaching might t r y some 

v a r i a n t o f , say, the K e l l e r Plan. And so on. Since the 

author d i d not a t t h a t t ime cons ider h imse l f t o be an exper t i n 

anyth ing a t a l l , he reserved h i s judgment on what might u s e f u l l y 

be done t o f a c i l i t a t e the teach ing and l e a r n i n g process. 

Ins tead o f l ook ing f o r some " o f f the peg" technique t o t r y out 

on the f i r s t year s tudents , he embarked on a s e r i e s o f i n f o r m a l 

d iscuss ions - w i t h the students themselves, and w i t h other 

physics teachers, and w i t h o ther non-physics teachers of f i r s t 

year s tudents . The general aim of these d iscuss ions was t o get 

a f e e l f o r how these d i f f e r e n t k inds o f persons "saw" the 

problem as a whole. 

1,6-, These d iscuss ions went on, i n t e r m i t t e n t l y , f o r seve ra l months. 

As they progressed, the present w r i t e r became i n c r e a s i n g l y aware 

of the f a c t t h a t , w i t h i n each o f the t h r e e groups o f d iscussants 

( s tuden ts , physics teachers and non-physics teachers) there were 

marked d i f f e r e n c e s o f a t t i t u d e : (a) towards phys ics , per se, 

and (b) towards the ways i n which physics might best be taugh t . 



For example, some students seemed t o view the l e a r n i n g o f 

physics as a somewhat burdensome task t h a t they had agreed t o 

go through i n order t o pass an examinat ion. Other s tudents 

seemed t o be wanting t o l e a r n the sub jec t f o r i t s own sake. 

Yet o thers seemed t o be p r i m a r i l y i n t e r e s t e d i n t h e p r a c t i c a l 

use t h a t they cou ld l a t e r make o f phys ics , i n the r e a l wo r l d . 

And so on, A , l i t t l e r e f l e c t i o n suggests t h a t these " a t t i t u d e 

t o phys ics" are rough ly synonymous w i t h "reasons f o r l e a r n i n g 

phys ics . " I n o ther words, they say something about the 

perceived goals o f t he l e a r n i n g process. For one s tudent , the 

goal i s a piece o f paper s t a t i n g t h a t he has s a t i s f i e d the 

examiners. For another, the goa l i s the s a t i s f a c t i o n t h a t 

comes from s tudy ing a sub jec t which one r e a l l y en joys . For ye t 

another s tudent , the goal i s the promise o f p r a c t i c a l r e a l -

wor ld a p p l i c a t i o n s o f the knowledge being impar ted . 

1.7. As might be expected, these d i f f e r e n t ways o f v iewing the 

teach ing / l ea rn i ng process tended t o be shared, t o v a r y i n g 

e x t e n t s , by the teachers themselves. Thus, some teachers 

seemed t o be p r i m a r i l y concerned w i t h pushing t h e i r s tudents 

through the r e q u i s i t e examinat ions. Others seemed t o be 

t r y i n g t o communicate t h e i r own love and enthusiasm f o r the 

s i i u j u c t . And o the rs seemed t o a t t a c h s p e c i a l importance, i n 

t h e i r teach ing , t o t he p r a c t i c a l uses t o which phys ics could be 

put . To the ex ten t t h a t a teacher pursues one genera l goa l 

(e.g. the goa l o f g e t t i n g h i s s tudents through t he mandatory 

examinations) r a t h e r than another, he w i l l o b v i o u s l y tend t o 

adopt a PEDAGOGIC STYLE which s t r i k e s him as being most 

10 



app rop r i a te f o r the ach iev ing o f t h a t goa l . Such a s t y l e i s 

then l i k e l y t o i r r i t a t e any student who has a s t rong preference 

f o r a somewhat d i f f e r e n t g o a l ! 

1.8. To judge from the k inds of d iscuss ions t h a t the w r i t e r 

o r i g i n a l l y he ld , a f a i l u r e t o share common goals was by no 

means the on ly source o f f r u s t r a t i o n and f r i c t i o n among students 

and teachers. I t i s sometimes g l i b l y suggested t h a t people 

l e a r n most from o ther people who are d i f f e r e n t from themselves. 

This may be t r u e o f some people. But the m a j o r i t y seem more 

l i k e l y t o r e j e c t people whom they perceive as being d i f f e r e n t 

from themselves. Conversely, they seem t o "warm" towards 

people whom they perce ive as being e s s e n t i a l l y s i m i l a r - i n 

va lues, i d e o l o g i e s , wor ld views, and the l i k e - t o themselves. 

There i s l i t t l e doubt t h a t s tudents can be q u i t e qu ick t o r e j e c t 

teachers whom they perce ive (perhaps r i g h t l y , perhaps wrongly) as 

having incompat ib le values and ou t l ooks . Some teachers are 

equa l l y quick t o show d isapprova l o f s tudents who do not seem t o 

share t h e i r values and ou t l ooks . The whole problem i s 

exacerbated by the 1 uc t t h a t teachers and students o f t e n seem t o 

be unaware o f the values and out looks t h a t they t a c i t l y subscr ibe 

t o and/or ev ince. For example, a teacher who pays l i p se rv i ce 

t c the need t o l e a r n physics " f o r i t s own sake," might a c t u a l l y 

teach as i f h i s so le o b j e c t i v e i n l i f e i s t o get h i s students 

through t h e i r examinat ions. And a teacher who f a n c i e s h imse l f 

t o be c l e a r and i n c i s i v e might come across t o h i s s tudents as 

being woo l l y and muddled. 

11 



1.9. Considerat ions of t h i s k i n d have l e d i n recent years t o a 

v a r i e t y o f "Ap t i t ude -Teache r - I n te rac t i on " exper iments, i n which 

at tempts have been made t o achieve some s o r t o f match (e.g. of 

p e r s o n a l i t i e s and/or c o g n i t i v e s t y l e s ) between teachers and t h e i r 

s tuden ts . However, the d iscuss ions which the present w r i t e r 

h e l d , back i n the pe r iod 1971 t o 1973, persuaded him of the need 

t o cast the net somewhat wider - and t o embark on a general 

i n v e s t i g a t i o n ( w i t h respect t o f i r s t year undergraduate phys ics) 

of the i n t e r a c t i o n between PEDAGOGIC STYLES of teach ing and 

ATTITUDES toward the sub jec t mat ter . Th is , i n a n u t s h e l l , i s 

what the present t h e s i s i s a l l about. 

1.10. Any attempt t o exp lore the complex r e l a t i o n s h i p s between 

Pedagogic S ty les and A t t i t u d e s obv ious ly c a l l s f o r a d i scuss ion 

o f what these words are taken t o mean. More w i l l be sa id about 

t h i s s h o r t l y . For the moment, i t may be s u f f i c i e n t t o note 

t h a t , i r r e s p e c t i v e o f the way i n which these words f i n a l l y get 

d e f i n e d , the re i s c l e a r l y a need t o cons t ruc t a d a t a - e l i c i t i n g 

procedure which w i l l r e l i a b l y e x t e r i o r i s e the a t t i t u d e s i n 

ques t ion , and which w i l l a l so e x t e r i o r i s e ( i . e . make a v a i l a b l e 

f o r p u b l i c s c r u t i n y ) the ways i n which people perce ive and judge 

pedagogic s t y l e s . For reasons t h a t w i l l l a t e r be made c l e a r , i t 

r»C3 cicoided t o use the Repertory Gr id Technique as the 

app rop r ia te e x t e r i o r i s i n g ins t rument . The f i r s t stage of the 

research program was acco rd ing l y devoted t o the c a r e f u l 

c o n s t r u c t i o n and v a l i d a t i o n o f such an ins t rument . The 

ins t rument was then app l i ed t o the three groups of persons which 

have al ready been b r i e f l y d e f i n e d . 

12 



1.11. As subsequent chapters t r y t o show, the r e p e r t o r y g r i d 

technique e l i c i t e d a r i c h crop o f data about people's 

percept ions and assessments of d i f f e r e n t pedagogic s t y l e s , and 

about t h e i r a t t i t u d e s t o phys ics , per se, and t o the "goals" o f 

physics teach ing. As a r e s u l t o f the research i t was poss ib l e 

t o c l a s s i f y pedagogic s t y l e s and a t t i t u d e s i n p romis ing - look ing 

- ways. I t was a lso poss ib le t o compare and c o n t r a s t the some­

what d i f f e r e n t percept ions of the th ree groups of sub jec t s 

(s tuden ts , physics teachers and non-physics teachers) s t u d i e d , 

and t o explore the ways i n which pedagogic s t y l e s and a t t i t u d e s 

i n t e r a c t . More p r e c i s e l y , i t was a lso poss ib le t o probe the 

v a l i d i t y of no less than twelve hypotheses t o do w i t h a t t i t u d e s 

and t h e i r i n f l uence on the perceived e f f e c t i v e n e s s o f d i f f e r e n t 

pedagogic s t y l e s . Al though the e n t i r e p r o j e c t i s w r i t t e n up as 

i f i t were a piece o f "pure" research, f requent a t t e n t i o n i s 

drawn t o some poss ib le p r a c t i c a l i m p l i c a t i o n s o f the f i n d i n g s . 

Of c e n t r a l importance, here, i s the author 's con jec tu re t h a t 

a t t i t u d e matching may prove t o be more e f f e c t i v e than a p t i t u d e 

or a b i l i t y matching. I n o ther words, i f a teacher has the 

choice of matching p u p i l s ( i n smal l groups) on the basis of 

shared a t t i t u d e s toward the sub jec t matter being t augh t , then 

t h i s might prove to be pedagog ica l l y super io r t o matching them 

on the basis o f , say, s i m i l a r i t y o f I.Q. Another way of 

expressing the p o i n t would be t o say t h a t i t i s a mistake t o 

assemble, i n a s i n g l e group, a l l s tudents possessing a h igh I.Q., 

i f the r e s u l t i n g high-I .Q. group con ta ins students who have 

r a d i c a l l y d i f f e r e n t a t t i t u d e s towards the sub jec t mat ter being 

taugh t . However, t h i s i s on ly one specimen exar.ple of the way 

13 



i n which the r e s u l t s o f . t h e present research might i n f l u e n c e 

physics teaching i n the f u t u r e . More g e n e r a l l y , i t i s the 

author 's con ten t ion t h a t the c r i t e r i a used t o form student 

groups, and the methods o f i n s t r u c t i o n advocated by teachers o f 

undergraduate phys ics , the students* percept ions o f t h e i r own 

needs i n terms o f pedagogic s t y l e , and teachers ' pe rcep t ions o f 

,̂  t h e i r s tudents* needs a l l r e q u i r e f u r t h e r i n v e s t i g a t i o n . 

Furthermore the author in tends t o prov ide evidence which w i l l 

not on ly permit an i n v e s t i g a t i o n of the areas noted but which 

may s u b s t a n t i a t e the c la im t h a t teachers o f phys ics , teachers 

of d i s c i p l i n e s other than physics and physics s tudents a l l tend 

t o use d i f f e r e n t c r i t e r i a when assessing a teacher 's e f f e c t i v e ­

ness. I t i s common p r a c t i c e i n most i n s t i t u t i o n s o f f u r t h e r or 

h igher educat ion t o use a measure o f a p t i t u d e or a b i l i t y t o 

determine the composit ion of s tudent l e a r n i n g groups. (The 

author expands t h i s argument l a t e r , when the concept or 

'perceived academic p o t e n t i a l ' i s i n t r o d u c e d ) . Furthermore the 

academic teacher i n Great B r i t a i n , u n l i k e h i s American counter ­

p a r t , i s not r e g u l a r l y assessed and he i s g iven cons iderab le 

autonomy i n choosing h i s p r e f e r r e d pedagogic s t y l e , which, i t 

w i l l gene ra l l y be agreed, i s chosen i n t u i t i v e l y by the 

i n d i v i d u a l s t a f f member w i t h o u t re ference t o s tudent feedback or 

peer a p p r a i s a l . Wh i l s t the emergence of s t a f f developmeni: 

u n i t s (S.C.E.D.S.I.P., 1973) d i r e c t l y concerned w i t h the 

improvement of teaching e f f e c t i v e n e s s , has occurred i n the e a r l y 

1970s such u n i t s have been preoccupied w i t h the behav ioura l 

assessment o f teaching aga ins t c r i t e r i a e x t e r n a l l y s p e c i f i e d by 

t h e i r 'experts . ' (Proceedings o f the 3 rd . I n t e r n a t i o n a l 
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Conference on the Improvement o f U n i v e r s i t y Teaching 1977). 

The author contends t h a t both the methods used f o r student 

group composi t ion and the s t r a t e g i e s adopted t o assess teach ing 

e f f i c i e n c y ( r a t h e r than appraise l e a r n i n g e f f e c t i v e n e s s ) are 

l ess than i d e a l , generat ing a need f o r an i n v e s t i g a t i o n o f the 

areas noted i n sec t i on 1.11. above. 

1.12. No excuse need be, nor indeed i s , o f f e r e d f o r t h i s i n i t i a l l y 

negat ive and c r i t i c a l view, i f i t i s recognised t h a t such 

expressions c o n s t i t u t e a very s u b j e c t i v e se t o f hypotheses 

a r i s i n g from extens ive personal exper ience, both as a teacher 

of physics i n FE/HE and i n the r o l e o f one who endeavours t o 

analyse and improve the teach ing o f o t h e r s . 

The op in ions expressed represent a s t a r t i n g p o i n t , an 

o r i e n t a t i o n f o r c o o s t r u c t i v e c r i t i c i s m , a n a l y s i s and development 

o f an a l t e r n a t i v e system. As Claude Bernard s t a t e d i n 1865, 

"A hypothesis i s the o b l i g a t o r y s t a r t i n g p o i n t o f a l l 

exper imenta l reasoning. Without i t no i n v e s t i g a t i o n would be 

poss ib le and one would l e a r n no th i ng ; one could on ly p i l e up 

barren observat ions. To experiment w i t h o u t preconceived ideas , 

i s t o wander a i m l e s s l y . " (Bernard, 1865). 

1.13.1. The author has a l ready used terms, which have d e f i n i t i o n s 

s p e c i f i c t o t h i s research, these r e q u i r e e x p l a n a t i o n . 

"Pedagogic s t y l e . " This term i s taken t o embody a l l of what a 

teacher 'does' when e x e r c i s i n g h i s teach ing f u n c t i o n . 

Teaching i s seen a t one l e v e l ( r ough l y , the l e v e l o f " a c t i o n s " ) 
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as a p r a c t i c a l a c t i v i t y wherein the teacher spends a la rge 

p r o p o r t i o n o f h i s t ime w r i t i n g on blackboards, marking books, 

prepar ing lessons, a r rang ing classroom equipment, l i s t e n i n g t o 

h i s s tudents t a l k i n g , e t c . W h i l s t a t a second l e v e l 

( r ough l y , the l e v e l o f "goals" ) i t may be seen as f a c i l i t a t i n g 

l e a r n i n g . Many problems of a p r a c t i c a l nature develop i n 

teach ing , most being assoc ia ted w i t h the teacher 's bas ic task -

t h a t o f making a v a i l a b l e c e r t a i n k inds o f knowledge and 

enab l ing the student t o r e l a t e the un-commonsense knowledge of 

the sub jec t t o the commonsense knowledge a l ready i n t e r n a l i s e d 

w i t h i n h i s c o g n i t i v e s t r u c t u r e . Th is aspect o f teach ing 

emphasises the teacher as a p r a c t i t i o n e r . A d d i t i o n a l l y , the 

teacher i s an exponent of a p p l i e d knowledge working w i t h i n 

p r o f e s s i o n a l t r a d i t i o n s . Wh i l s t t h i s two p a r t model o f 

teaching could be c r i t i c i s e d f o r i t s over s i m p l i f i c a t i o n , i t 

does prov ide a fri.'.:iework upon which the research may be based. 

The autonomy of teachers i n Great B r i t a i n has meant t h a t each 

i n d i v i d u a l can evolve h i s own p a r t i c u l a r se t o f s k i l l s and 

techniques which he uses as he cons iders a p p r o p r i a t e i n order t o 

f a c i l i t a t e l e a r n i n g i n h i s s tuden ts . The author uses the term 

'pedagogic s t y l e ' as a means o f s p e c i f y i n g a complex set o f 

techniques, behaviours or understandings which c h a r a c t e r i s e one 

i n d i v i d u a l ' s teach ing r o l e i r . a o p c o i f i e d s e t t i n g . Thus, a 

'pedagogic s t y l e ' i s both a d e s c r i p t i o n o f how teacher 'A' 

manages a given l e a r n i n g s i t u a t i o n and a d d i t i o n a l l y , how a 

h y p o t h e t i c a l teacher, 'B', might manage the same l e a r n i n g 

s i t u a t i o n . 
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1.13.2. "Perceived academic p o t e n t i a l . " Students o f physics are 

f r e q u e n t l y grouped by " a b i l i t y * (based on a prev ious year's 

performance) before they are exposed t o new l e a r n i n g s i t u a t i o n s . 

L o g i c a l l y , i f they are t o l e a r n new m a t e r i a l , they cannot be 

c l a s s i f i e d accord ing t o t h e i r r e a l a b i l i t y t o l e a r n i n the new 

s e t t i n g as t h i s cannot be evaluated u n t i l the l e a r n i n g 

experience i s o v e r l Thus, t h e i r performance on a t e s t of past 

l e a r n i n g experiences i s used t o p r e d i c t t h e i r performance i n the 

new s e t t i n g . I t i s p o s t u l a t e d , t h e r e f o r e , t h a t any t e s t o f 

previous l e a r n i n g can on ly provide a measure o f "perceived 

academic p o t e n t i a l " f o r performance i n a new s e t t i n g . The 

author exp la ins the concept o f "perceived academic p o t e n t i a l " 

f u r t h e r i n a j o i n t paper w i t h Reid (keen & Reid, 1977). 

1.13.3. E f f e c t i v e teach ing . Educators r e g u l a r l y debate the m e r i t s 

of e va l ua t i ng e f f e c t i v e teach ing . I n t h i s research, the 

author has chosen t o s i m p l i f y the problem by consc ious ly 

avo id ing the tempta t ion t o q u a n t i f y e f f e c t i v e n e s s , which would, 

of necess i t y , have meant us ing some form of teacher a p p r a i s a l 

system (e.g. IDEA, B i l e s 1975). Such systems, and there are 

many descr ibed i n the l i t e r a t u r e , a re , w i t h o u t excep t i on , 

behav iour ly based. Thus the teachers performance i s compared 

w i t h some se t o f supposedly good a i :L r ibu tes o f t each ing , u s u a l l y 

teacher behaviours. (Such as "adequate use of ques t i on ing , ' 

'uses set i n d u c t i o n , ' e t c . ) . The author determined from the 

beginning of the research t o avoid the i m p o s i t i o n o f c r i t e r i a o f 

. ' e f f ec t i veness ' s p e c i f i e d by some e x t e r n a l 'exper t . ' Ins tead 

of q u a n t i f y i n g e f f e c t i v e teaching the author chose t o ' q u a l i f y ' 
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the term by p l a c i n g each and every s u b j e c t who prov ided data i n 

the p o s i t i o n o f a personal 'expert ' who knows what he perceives 

as e f f e c t i v e teach ing , A methodology was developed which 

enabled these i n d i v i d u a l percept ions o f e f f e c t i v e teaching t o be 

made e x p l i c i t t o the e x t e r n a l observer. Thus,the term 

' e f f e c t i v e teaching'^as used by the author, accepts the semantic 

d i f f e r e n t i a t i o n from ' E f f i c i e n t teach ing ' which was considered 

a t l eng th by Sayer (Sayer, 1977) and o t h e r s , and de f i nes a 

pedagogic p r o f i l e (see paragraph 1 . 1 3 , l . ) j perce ived by e i t h e r 

an i n d i v i d u a l respondent or a group o f respondents, which he or 

they b e l i e v e promotes maximum l e a r n i n g i n the s tudent groups 

exposed to t h a t pedagogic p r o f i l e . 

1.1A-. An i n v e s t i g a t i o n which pu rpor ts t o ques t ion the areas 

ident i f ied^demands a methodology which can measure a t t i t u d e 

towards c e r t a i n p r e s p e c i f i e d aspects of p h y s i c s - i n d which can 

make e x p l i c i t pedagogic s t y l e s perceived as r e p r e s e n t i n g 

e f f e c t i v e teach ing by respondents. 

The f i r s t methodological problem, namely a t t i t u d e measurement, 

may be resolved by a review o f e x i s t i n g measures o f a t t i t u d e . 

A d e t a i l e d d iscuss ion r e l a t i n g t o such a review toge ther w i t h 

the r a t i o n a l e f o r the development o f a new a t t i t u d e scale }z 

undertaken l a t e r , f o r the purposes o f t h i s i n t r o d u c t i o n i t i s 

s u f f i c i e n t t o s t a t e t h a t a new inven to r y was seen t o be r e q u i r e d 

and was, i n consequence, developed. The second methodologica l 

problem, t h a t o f s p e c i f y i n g pedagogic s t y l e , present^id a r a t h e r 

more ser ious hu rd le . Having chosen t o d e f i n e 'pedagogic s t y l e ' 
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as i n d i c a t e d i t became necessary t o exp lo re the p o s s i b i l i t i e s 

o f a mu l t i - d imens iona l " p r o f i l e " which could be seen t o cover 

a l l the r e c u r r e n t c r i t e r i a seen as impor tan t by the respondent. 

Many b e h a v i o u r i s t s t y l e techniques are a v a i l a b l e f o r such 

p r o f i l e f o r m u l a t i o n but a l l s u f f e r from the se r i ous drawback o f 

s p e c i f y i n g supposedly impor tan t c r i t e r i a from some e x t e r n a l 

*expert ' source. Two techniques e x i s t e d , however, which were 

not b e h a v i o u r a l l y o r i e n t e d , these were K e l l y ' s r e p e r t o r y g r i d 

technique and Osgood's Semantic D i f f e r e n t i a l . For reasons 

s p e c i f i e d i n l a t e r chapters the r e p g r i d technique was adopted 

and subsequently developed by the author i n a unique way 

r e l a t i v e t o previous at tempts t o use c o g n i t i v i s t techniques f o r 

the p roduc t ion o f 'pedagogic s t y l e ' p r o f i l e s . 

1.15. Ear ly i n the developmental stages of the research the author 

became aware of th^. magnitude o f the task he had undertaken. 

A c l e a r need to spec i f y the scope o f the study was e v i d e n t , 

the nature o f the research problem being seen by the author as 

q u i t e d i f f e r e n t i n each sec to r o f educat ion. The techniques 

adopted, and the f i n d i n g s descr ibed , cannot n e c e s s a r i l y be 

t r a n s f e r r e d from FE/HE t o secondary or secondary t o primary 

educat ion, . Therefore, a d e c i s i o n had t o be taken w i t h regard 

t o the sector o f educat ion whicit was t o form the bas is o f the 

research. A v a r i e t y o f f a c t o r s c o n t r i b u t e d t o the dec is ion 

made t o r e s t r i c t the study t o FE/HE. The major f a c t o r s 

inc luded the experience o f the researcher which was mainly i n 

t h a t sec to r , the r e l a t i v e ease o f access t o a r e p r e s e n t a t i v e 

sample of respondents and, not i n s i g n i f i c a n t l y , the demand 
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being made by physics f a c u l t y s t a f f and students t o i n v e s t i g a t e 

physics teaching g e n e r a l l y . 

The FE/HE r e s t r i c t i o n l i m i t s the research^only i n so f a r as i s 

necessaryJ i n order t o complete the p r o j e c t w i t h i n the l i m i t s 

imposed by t ime and resources. 

1.16. Having c rude l y s p e c i f i e d the areas o f i n t e r e s t , considered 

the methodological requirements and determined the scope o f the 

study the author was able t o embark on a review o f the 

l i t e r a t u r e and s p e c i f y the p a r t i c u l a r hypotheses which the 

research data would support or r e f u t e . 

The reseach was conducted by adopt ing , what some w r i t e r s 

descr ibe as a phenomenonological approach. (To these w r i t e r s , 

an approach i s phe?;omenological i f i t c a l l s f o r an e x t e r i o r i -

s a t i o n or v e r b a l r e p o r t i n g o f one's c u r r e n t s u b j e c t i v e 

exper iences) . I n i t s extreme form a phenomenonological 

approach demands t h a t a researcher becomes one of the sub jec t s 

i n h i s f i e l d of study and conducts the research f rom ' w i t h i n . ' 

The author had experienced being a member o f each o f th ree 

ca tegor ies of respondents, and the s p e c i f i c a t i o n o f the 

hypotheses was made from h i s pob i c ion o f former exper ience. 

Th is , together w i t h the i n t e n t t o place the onus f o r 'expert ' 

op in ion on the respondent j u s t i f i e d the phenomenological l a b e l . 

No s t rong p r e s c r i p t i v e comments can be necessa r i l y made from the 

conc lus ions, but the r a i s i n g o f p e r c e p t i o n a l awareness o f the 
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problems, o f pedagogic re levance, together w i t h an o b j e c t i v e 

comment on one s t a t i c p i c t u r e of physics t e a c h i n g , may lead t o 

the i d e n t i f i c a t i o n of u s e f u l areas of subsequent research 

s p e c i f i c a l l y designed t o be o f a p r e s c r i p t i v e na tu re . 
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2.1. People ( l i k e the present au tho r ) who have gained t h e i r 

i n i t i a l q u a l i f i c a t i o n s i n the "hard" p h y s i c a l sc iences, tend t o 

take i t f o r granted t h a t researchers should always g i ve (or be 

capable o f g i v i n g ) p rec ise d e f i n i t i o n s o f the key terms t h a t 

they use. I t t h e r e f o r e comes as something of a s u r p r i s e t o 

d iscover t h a t researchers i n the " s o f t " human and s o c i a l 

— sciences are so o f t e n casual about the termino logy t h a t they 

deploy. For example, i f one examines any hal f -dozen papers 

(chosen a t random) on the s u b j e c t o f " p r e j u d i c e , " i t can be 

q u i t e d i f f i c u l t t o decide whether, and t o what e x t e n t , such 

papers are a c t u a l l y t a l k i n g about " the same t h i n g . " Moreover, 

what one researcher t a l k s about under the heading o f " p r e j u d i c e , " 

another w r i t e r might t a l k about under the s e e m i n g l y - d i f f e r e n t 

heading o f , say, "e thn ic aggress ion." Under such ci rcumstances, 

words such as " p r e j u d i c e " and " e t h n i c aggression" would seem t o 

be l i t t l e more than l a b e l s o f convenience - tag vords which 

s i g n a l the f a c t t h a t the paper "has something t o do" w i t h what 

commonly (and vaguely) tends t o go under the name o f p r e j u d i c e or 

e t h n i c aggression. Such words are s imply not in tended t o have 

any very prec ise meaning. 

2.2. Since many h igh ly - regarded t h e o r i s t s and researchers i n the 

s o f t sciences seem q u i t e sanguine about the deployment o f Joose 

and i l l - d e f i n e d termino logy (and s i n c e , moreover, t h e i r 

a n c i l l a r y suppor t ing te rmino logy o f t e n tends t o be even more 

loose and i l l - d e f i n e d ) , i t i s n a t u r a l t o ask whether p r e c i s i o n 

r e a l l y mat ters i n the f i e l d o f human and s o c i a l research. 
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Several comments are i n order here. F i r s t o f a l l , i t may 

be noted t h a t d e f i n i t i o n s a re , by t h e i r very na tu re , u n l i k e l y 

t o do j u s t i c e t o anyth ing as complex as a psycho log i ca l 

phenomenon. D e f i n i t i o n s t y p i c a l l y c o n s i s t o f no more than one 

or two sentences. A t the very most, they can h i g h l i g h t some 

f e a t u r e o f the phenomenon de f ined - and a l s o , perhaps, b r i e f l y 

i n d i c a t e the way i n which the phenomenon compares and/or 

c o n t r a s t s w i t h some r e l e v a n t l y r e l a t e d phenomenon. I f any th ing 

more d e t a i l e d i s r e q u i r e d , more than one or two sentences would 

be c a l l e d f o r - and t h a t would move the researcher i n t o the 

realm o f " e x p l i c a t i o n s " or " e l u c i d a t i o n s , " r a t h e r than succ i nc t 

d e f i n i t i o n s . 

Secondly, i t was Kant who f i r s t remarked t h a t d e f i n i t i o n s are 

the end-points , r a t h e r than the s t a r t i n g - p o i n t s o f 

i n t e l l e c t u a l enqu:.-?y. Of necess i t y , one might s t a r t w i t h a 

p r o v i s i o n a l o r t e n t a t i v e d e f i n i t i o n . But , as one's e n q u i r i e s 

proceed, the i n i t i a l d e f i n i t i o n w i l l be seen t o be inadequate 

and i n need of m o d i f i c a t i o n . Perhaps a f t e r many years o f 

enqu i ry , one e v e n t u a l l y w i l l be ab le t o "capture t i i e essence" o f 

a phenomenon i n j u s t one or two sentences. But, even then, the 

one or two sentences t h a t a re used w i l l mean very much more t o 

the c r e a t o r o f the d e f i n i t i o n , cr.cr: they w i l l t o the reader of 

the d e f i n i t i o n . This i s so because the casual reader w i l l 

have no concept ion of the numerous "candidate d e f i n i t i o n s " t h a t 

^ere considered, and r e j e c t e d , along the way. 

A t h i r d p o i n t t o be no t i ced i s t h a t the Human Race has a c t u a l l y 
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managed t o come q u i t e a long way on fuzzy t h i n k i n g I Precise 

t h i n k i n g may w e l l be d e s i r a b l e , but i t cannot be c o n v i n c i n g l y 

argued t h a t p rec i se t h i n k i n g i s e s s e n t i a l t o s c i e n t i f i c 

progress. As a mat ter o f f a c t , some t h e o r i s t s ho ld t h a t the 

quest f o r e x a c t i t u d e i n human a f f a i r s i s always a mistake - and 

' the most t h a t can be sa id i n favour o f the quest f o r exac t i t ude 

i s t h a t i t sometimes tu rns out t o be an i n s t r u c t i v e mistake! 

I t i s f a i r l y c l e a r , f o r example, t h a t mathematical models o f 

human behaviour do scant j u s t i c e t o the way i n which humans 

a c t u a l l y behave (except under s p e c i a l l a b o r a t o r y c o n d i t i o n s i n 

which the sub jec t s agree t o behave i n accordance w i t h the 

experimenter 's model). There may, however, be something t o be 

learned from the ways i n which the model f a i l s t o p r e d i c t what 

a c t u a l l y happens. 

F i n a l l y , i t may be p e r t i n e n t t o remark t h a t at tempts t o secure 

grea te r p r e c i s i o n , i n the use o f p s y c h o l o g i c a l te rmino logy , do 

not seem t o have been p a r t i c u l a r l y f r u i t f u l . I t i s not c l e a r 

what i s gained by lengthy d iscuss ions as t o what a p a r t i c u l a r 

term or word might b e t t e r s i g n i f y 

2.3. What, then, should be the psycho log i ca l researcher 's stance 

toward the main terms t h a t he uses i n h i s research repo r t s? 

I f the fo rego ing cons ide ra t i ons have any v a l i d i t y a t a l l , t he re 

would seem t o be no necess i t y f o r the researcher t o c l a r i f y , 

w i t h any grea t p r e c i s i o n , the terms i n ques t i on . But i t would 

obv ious ly be h e l p f u l i f he gave a reasonably adequate charac te r ­

i s a t i o n o f what he pe rsona l l y takes the terms t o mean. This i s 
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p a r t i c u l a r l y the case i f (as sometimes happens) the 

researcher uses a se t of terms which seem t o him t o be i n t e r ­

r e l a t e d i n ways t h a t need t o be po in ted ou t . I t i s a lso the 

case i f he be l ieves t h a t he i s seeing more s i g n i f i c a n c e i n a 

p a r t i c u l a r term than the reader i s l i k e l y t o see. By way of 

example, suppose t h a t a s o c i a l psycho log i s t i s conduct ing 

research i n t o the nature o f Character. Now most people are 

cond i t i oned by s o c i e t y t o respect s o - c a l l e d "Men of Character." 

But i t can be po in ted out t h a t a Man o f Character i s a c t u a l l y 

a somewhat p r e d i c t a b l e and, t o t h a t e x t e n t , r i g i d , man. 

Since t h i s f a c e t o f Character i s u n l i k e l y t o be no t i ced unless 

the researcher e x p l i c i t l y p o i n t s i t o u t , t he re i s c l e a r l y a need 

t o p o i n t i t ou t . 

2A. I n keeping w i t h the above c o n s i d e r a t i o n s , the present author 

devoted some time t o cons ide r i ng what he p e r s o n a l l y meant by the 

word ' a t t i t u d e . ' I n p a r t i c u l a r , he wondered what he ought t o 

say t h a t might not be s e l f - e v i d e n t t o p r o f e s s i o n a l researchers 

working i n the a t t i t u d e assessment area. He f i n a l l y decided 

t h a t an app rop r i a te course o f a c t i o n would be t o g ive a b r i e f 

account of what he took a t t i t u d e s t o be, and what he saw them as 

doing. 

2.5. The Concept of A t t i t u d e . 

Textbooks o f elementary psychology nowadays tend t o de f i ne 

Psychology as "The Science of Behaviour" - by which i s normal ly 

meant the science o f observable behaviour. T y p i c a l l y , they 

then go on t o asse r t t h a t behaviour i s determined p a r t l y by 

i n t e r n a l f a c t o r s and p a r t l y by ' ex te rna l f a c t o r s . * 
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At f i r s t g lance, the re seems t o be noth ing o b j e c t i o n a b l e about 

such views. However, i t i s the business o f sc ience to enquire 

more c l o s e l y i n t o the a c c e p t a b i l i t y o f seemingly-unobject ionable 

statements. I f we do t h i s , a whole c l u s t e r o f d i f f i c u l t i e s can 

be seen t o a r i s e . 

For a s t a r t , i t t u r n s out t h a t the word ' f a c t o r ' ( i n the k inds 

of textbooks c i t e d ) i s something o f an evasion. To some 

authors , an i n t e r n a l f a c t o r i s e s s e n t i a l l y an i n t e r n a l p h y s i c a l 

s t a t e - such as the s t a t e o f the stomach, or the hormonal s t a t e , 

or the neura l s t a t e o f the b r a i n . To other au tho rs , an i n t e r n a l 

f a c t o r i s e s s e n t i a l l y a mental s t a t e - such as a s t a t e o f hunger, 

or anger, o r f e a r . To say t h a t behaviour i s p a r t l y caused by 

" i n t e r n a l f a c t o r s " i s t h e r e f o r e t o avoid the issue o f whether 

behaviour i s "caused" by p h y s i c a l events or mental events. 

S i m i l a r problems a r i s e i n connect ion w i t h the n o t i o n o f an 

" e x t e r n a l f a c t o r . " I n some tex tbooks , an e x t e r n a l f a c t o r i s 

some sequence of p h y s i c a l events impinging on one o f the sense 

organs. I n other tex tbooks , an e x t e r n a l f a c t o r i s a s o r t o f 

"present ing exper ience" - such as the s i g h t o f a snake, or the 

cry of someone i n pa in . There i s a tendency i n some textbooks 

t o "g loss" these d i f f e r e n t conceptions by r e f e r r i n g t o i n t * i r n a l 

f a c t o r s as "some set/sequence o f neura l or mental events" - and 

by r e f e r r i n g t o e x t e r n a l f a c t o r s as some set/sequence o f 

p h y s i c a l o£ percep tua l exper iences, e t c . However, t h i s s imply 

ra i ses the ques t ion as to how Psychology i t s e l f i s t o be de f i ned . 

There was a t ime when Psychology was de f ined as the Science o f 

Mind (or Menta t ion ) , r a t h e r than the Science o f Behaviour. 
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Both d e f i n i t i o n s have t h e i r l i m i t a t i o n s . Psycho log is ts who 

concern themselves s o l e l y w i t h mental happenings ( t h i n k i n g , 

f e e l i n g , d e s i r i n g , w i l l i n g , and so on) might l e g i t i m a t e l y be 

accused of dea l i ng w i t h Disembodied Minds. Psycho log is ts who 

r e s t r i c t themselves t o the domain o f observable behaviour might 

s i m i l a r l y be accused o f d e a l i n g w i t h Diseminded Bodies. 

I t i s f u r t h e r t o be noted t h a t not everyone agrees t h a t 

behaviour i s due p a r t l y t o i n t e r n a l f a c t o r s and p a r t l y t o 

e x t e r n a l f a c t o r s . Some t h e o r i s t s have argued t h a t i n t e r n a l 

f a c t o r s - the s t a t e o f one's body and b r a i n and mind - are 

themselves determined by e x t e r n a l f a c t o r s . I t may be 

convenient t o " e x p l a i n " behaviour i n terms o f (say) a person's 

a t t i t u d e s and p r e j u d i c e s . But i f these a t t i t u d e s and 

p r e j u d i c e s are themselves t he r e s u l t o f e x t e r n a l c o n d i t i o n i n g , 

then, u l t i m a t e l y , on ly e x t e r n a l f a c t o r s are respons ib le f o r 

t h a t person's behaviour. This argument i s i n f a c t one ve rs ion 

o f the argument i n favour o f Determinism (and a g a i n s t Free W i l l ) . 

At the other extreme, the re are some people - e s p e c i a l l y some 

Eastern Mystics - who hold t h a t behaviour i s caused s o l e l y by 

i n t e r n a l f a c t o r s . The view here i s t h a t the e n t i r e World i s 

noc i i i i i y but a p r o j e c t i o n o f the beholder 's mind. Th is being so, 

the wor ld i s i n the mind ( r a t h e r than the mind being i n the 

wor ld or - even more r e s t r i c t e d l y - i n the b r a i n ! ) and the mind 

i s consequently respons ib le f o r eve ry th i ng t h a t we do. No doubt 

almost everyone would d ismiss t h i s l a t t e r view out o f hand, but 

i t i s worth no t i ng t h a t i t does e x i s t and t h a t i t represents the 

po la r opposi te of the D e t e r m i n i s t i c argument. 
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I n p r a c t i c e , most people seem t o ho ld some in te rmed ia te 

p o s i t i o n . Even the most r i g i d b e l i e v e r i n Determinism tends 

t o chas t i se h i s c h i l d r e n f o r disobedience - thereby imp ly ing 

t h a t perhaps they do have some f r e e choice i n the way t h a t 

they behave! The overwhelming view seems to be t h a t our 

everyday behaviour is^indeed,caused p a r t l y by e x t e r n a l f a c t o r s 

and p a r t l y by i n t e r n a l f a c t o r s , and t h a t these " f a c t o r s " can 

l e g i t i m a t e l y be construed e i t h e r i n p h y s i c a l or mental terms. 

I n the case of human behaviour, t he re seems to be a 

b e w i l d e r i n g l y l a rge number of " i n t e r n a l f a c t o r s " t h a t f u n c t i o n 

as p a r t i a l causes of everyday behaviour. To note t h i s f a c t , 

the Eng l ish language con ta ins such words as need, greed, 

i n t e l l i g e n c e , a b i l i t y , a p t i t u d e , d i s p o s i t i o n , a t t i t u d e , 

p r e j u d i c e , taken-for-granted-assumpt ions, commitment, charac te r 

t r a i t , p resuppos i t i on , i deo logy , and so on. Any Thesaurus w i l l 

immediately revea l a whole l o t more o f such t^rms, 

V/hat a l l these words have i n common i s t h a t they a l l r e f e r t o 

what might be descr ibed as " i n t e r n a l c o n t r o l l i n g i n f l u e n c e s " on 

everyday behaviour. One aim o f S o c i a l Psychology i s t o see 

whether such words - and the phenomena t h a t they denote - can be 

systematised and t h e o r i s e d about i n f r u i t f u l ways. 

C l e a r l y , the k inds of words j u s t l i s t e d a l l have d i f f e r e n t 

nuances o f meaning. For example, p r e j u d i c e s tend t o be some­

what r e s i s t a n t ( o f t e n i r r a t i o n a l l y r e s i s t a n t ) t o change. 

And they a lso tend t o be s i t u a t i o n - s p e c i f i c or con tex t s p e c i f i c . 



Thus a person who i s a n t i - S e m i t i c i s a person who tends t o 

behave i n a p a r t i c u l a r way toward 3ews. But a person who i s 

susp ic ious tends t o be susp ic ious " r i g h t across the board." 

Suspic ion i s a character t r a i t which i s l ess " s i t u a t i o n 

s p e c i f i c " - and t h a t i s why i t tends t o be c a l l e d a charac ter 

t r a i t , r a t h e r than (say) a p r e j u d i c e . 

What, then, i s an a t t i t u d e ? An i n v e s t i g a t i o n of everyday usage 

supports the view t h a t i t i s a f a i r l y genera l c o n t r o l l i n g 

i n f l u e n c e on behaviour. I t i s a l s o one t h a t people can t o 

some ex ten t a r t i c u l a t e and be conscious o f - a l though some 

t h e o r i s t s do speak of people possessing unconscious a t t i t u d e s . 

However, i t i s impor tan t t o recognise t h a t the re i s no un ique ly 

c o r r e c t concept ion of a t t i t u d e w a i t i n g t o be d iscovered. I t i s 

r a t h e r the case t h a t , w i t h i n l i m i t s which do not do too much 

i n j u s t i c e t o commonsense usage, we are f r e e t o d e f i n e an 

a t t i t u d e i n any way t h a t i s t h e o r e t i c a l l y p romis ing. 

For the purposes o f t h i s t h e s i s , t he re i s a textbook d e f i n i t i o n 

o f ' a t t i t u d e ' which ~-.s we l l - regarded by a t t i t u d e researchers , 

and which happens t o accord q u i t e w e l l w i t h the views t h a t have 

j u s t been expressed. The d e f i n i t i o n i s due t o M i l t o n Rokeach 

lead ing American a u t h o r i t y cn the s u b j e c t ) , and i t appears i n 

h i s book, " B e l i e f s , A t t i t u d e s and Values" (pub l i shed by Jossey-

Bass I n c . , San Francisco, 1968). I t reads: 

"An a t t i t u d e i s a r e l a t i v e l y endur ing o r g a n i z a t i o n of 

b e l i e f s around an o b j e c t or s i t u a t i o n pred ispos ing one 

t o respond i n some p r e f e r e n t i a l manner." 

This d e f i n i t i o n has seve ra l m e r i t s . F i r s t o f a l l , i t i s 
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consonant w i t h the commonsense n o t i o n t h a t a t t i t u d e s are (o r 

can be) impor tan t determiners o f human a c t i o n . Secondly, i t 

leaves open ( i n a h i g h l y d e s i r a b l e way) c e r t a i n ques t ions t o do 

w i t h the r e l a t i o n s h i p between behaviour and a c t i o n . I n 

p a r t i c u l a r , i t does not r u l e out the p o s s i b i l i t y o f a t t i t u d e s 

a f f e c t i n g behaviour, or behaviour a f f e c t i n g a t t i t u d e s , or each 

a f f e c t i n g the o the r . T h i r d l y , i t p o i n t s t o a c r u c i a l 

connect ion w i t h b e l i e f , and i t a d d i t i o n a l l y i m p l i e s t h a t 

a t t i t u d e s e x i s t i n c l u s t e r s , r a t h e r than i n i s o l a t i o n from one 

another. Some f u r t h e r i m p l i c a t i o n s o f the d e f i n i t i o n are t h a t 

a t t i t u d e s make people more p r e d i c t a b l e t o one another. I n 

e f f e c t they ac t as b l i n k e r s , or as c o n s t r a i n t s / l i m i t a t i o n s on 

t h i n k i n g . F i n a l l y , the d e f i n i t i o n i s e n t i r e l y p s y c h o l o g i c a l . 

Un l i ke a better-known d e f i n i t i o n o f A t t i t u d e by A l l p o r t (which 

r e f e r s t o "neura l s t a t e s of readiness t o respondent") the 

d e f i n i t i o n i s not contaminated w i t h re fe rences t o neura l or 

p h y s i o l o g i c a l processes. The d e f i n i t i o n i s acco rd i ng l y very 

w e l l s u i t e d t o the type of exper imenta l enqu i ry descr ibed i n 

l a t e r chapters of t h i s t h e s i s . I n the present author 's 

o p i n i o n , the Rokeaci; d e f i n i t i o n , when taken i n c o n j u n c t i o n w i t h 

the remarks t h a t in t roduced i t , g i ve an e n t i r e l y adequate 

account o f how t h i s t h e s i s t r e a t s the concept o f ' a t t i t u d e . ' 

2.6. Having o u t l i n e d the research problem i n Chapter 1 , two 

p a r t i c u l a r areas have been examined, namely: a t t i t u d e s and 

pedagogic s t y l e together w i t h the means by which the l a t t e r may 

be recorded. Although the i n t e n t i o n i s t o rev iew s p e c i f i c 

areas, i t i s recognised t h a t some r e l e v a n t research w i l l span 

two or more of them. One such piece of research i s t h a t o f 



Paul Gardner (Gardner 1975) which h i g h l i g h t s the r e l a t i o n s h i p s 

perceived t o e x i s t between s tudents ' a t t i t u d e s t o phys ics and 

c e r t a i n aspects o f the teacher 's p e r s o n a l i t y and behaviour. 

Tenuous though these l i n k s appear t o be, they r a i s e quest ions 

about the r e l a t i o n s h i p s between a t t i t u d e and perceived aspects 

of pedagogic s t y l e which the author w i l l endeavour t o answer by 

h i s research. Gardner concludes t h a t teacher behaviours 

(aspects o f pedagogic s t y l e ) may en te r i n t o l a w f u l r e l a t i o n s h i p s 

w i t h s tudent v a r i a b l e s i n genera l and student a t t i t u d e s i n 

p a r t i c u l a r . 

Gardner's work spans a f i v e year pe r i od from the p r e s e n t a t i o n 

of h i s d o c t o r a l t h e s i s " A t t i t u d e s o f Physics" through a se r i es 

of recent papers which consider some o f the areas o f i n t e r e s t 

f o r t h i s research. A f t e r spending a year on study leave i n 

England dur ing 1973, Gardner pub l ished th ree papers i d e n t i f y i n g 

some r e l a t i o n s h i p s r e l e v a n t t o the U.K. arena o f physics 

teach ing. Some o f the e a r l i e r papers cons ider data c o l l e c t e d 

i n A u s t r a l i a and are , f o r a v a r i e t y o f reasons, (no t the l e a s t 

o f which i s the c u l t u r a l d i f f e r e n c e ) o f dubious a p p l i c a b i l i t y i n 

the United Kingdom. The th ree papers i d e n t i f i e d make s p e c i f i c 

re ference t o physics educat ion i n the U.K. and enabled the 

author t o focus the a t t e n t i o n o f t h i s research on a s p e c i f i c 

range o f quest ions w i t h i n h i s area o f i n t e r e s t and t o which 

e i t h e r no adequate answer had been p r e v i o u s l y prov ided or t o 

which l i t t l e research e f f o r t had been devoted. The papers 

concerned were: "Research on Teacher E f f e c t s : C r i t i q u e o f a 

t r a d i t i o n a l Paradigm" (Gardner, P.L. 1975 - The Journa l of 

Soc ia l Psych. 95 pp. 91 - 97) . 
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" A t t i t u d e s o f PSSC Physics Students: R e l a t i o n s h i p s w i t h 

P e r s o n a l i t y and Teacher Behaviours." (Gardner, P.L, 1975 -

The A u s t r a l i a n Science Teachers Journa l v o l . 21 ( i ) pp. 75-85). 

These papers prov ide support f o r some o f the views, and concerns, 

expressed by the author i n Chapter 1; consequent ly a b r i e f 

r e p o r t o f t h e i r content f o l l o w s t o i n d i c a t e how the quest ions 

framed as hypotheses i n Chapter 3 arose from the s u b j e c t i v e 

comments i n Chapter 1 i n the l i g h t of t h i s (and o t h e r ) research. 

2.7. The d e c l i n e i n enrolments i n undergraduate physics courses 

was worldwide i n the e a r l y 1970s. I n B r i t a i n 2^00 u n i v e r s i t y 

science places were u n f i l l e d i n 1973/7^ ,̂ and the D a i l y 

Telegraph (10 th . November 1973, p.5.) repo r ted a p r e d i c t e d and 

complete h a l t i n a l l u n i v e r s i t y science b u i l d i n g programmes f o r 

a decade. I n America the 1960 p r e d i c t i o n s (American I n s t i t u t e 

o f Physics) of a l a r g e increase i n female phyr.ics s tudents 

d i d not m a t e r i a l i s e and i n A u s t r a l i a even those s tudents who 

had opted t o read physics d isp layed a sharp d e c l i n e i n enjoyment 

o f the sub jec t du r i ng t h e i r course. (Gardner 1973). At the 

same t ime the physics enrolments i n A u s t r a l i a showed an 

absolute d e c l i n e from 1971 onwards. Gardner concludes t h a t i n 

many d i f f e r e n t c o u n t r i e s , s tudents are v o t i n g w i t h t h e i r f e e t 

aga ins t the study o f physics desp i te an enormous expendi ture 

du r ing a 20 year pe r i od cn the development o f i n n o v a t i v e physics 

c u r r i c u l a . 

Various w r i t e r s have t r i e d t o e x p l a i n t h i s s t a t e of a f f a i r s i n 
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terms o f the poor »image* of physics (Ahlgren & Wal lberg 1973), 

the countercL j l tu re 's d i s t a s t e f o r science and technology 

(Rodzak 1969), the f a i l u r e o f physics c u r r i c u l a t o i nc lude 

s o c i a l aspects o f science which are o f i n t e r e s t t o adolescents, 

p a r t i c u l a r l y females (Ahlgren & Wal lberg, 1973), and the 

opera t i on o f economic fo rces ou ts ide the c o n t r o l o f the science 

... educator ( R e i t z , 1973). 

The emergence o f a number of "combined s t u d i e s " degrees i n the 

l a t e 19705 (Smethurst, 1978) appears t o be a consequence of the 

educat iona l t e c h n o l o g i s t s o f the t ime accept ing the p o i n t s made 

i n the papers c i t e d w i t h o u t ques t ion ing t he p o s s i b i l i t y of a 

superord inate component or f a c t o r which may subsume some of the 

v a l i d , but perhaps r e l a t i v e l y i n s i g n i f i c a n t , exp lana t i ons g iven 

Gardner focused h i s a t t e n t i o n on two areas, s tuden t a t t i t u d e s 

and teacher behaviours. (He uses "teacher beh.-»\/iours" i n much 

the same way as the author uses "pedagogic s t y l e " and the 

phrases may be, w i t h i n t h i s t h e s i s , i n te rchanged) . 

F i r s t , a study was conducted t o i d e n t i f y r e l a t i o n s h i p s between 

p u p i l needs and p u p i l a t t i t u d e s t o va r i ous aspects o f t h e i r 

physics course. The r e s u l t s suggested t h a t t he re i s not a 

s t rong tendency f o r s tudents t o p r o j e c t t h e i r own persona l 

a t t i t u d e s onto t h e i r classroom environment. Such a conc lus ion 

might be i n e r r o r due t o weaknesses o f the Stern (S te rn 1958) 

s t a t i s t i c a l approach which c a l c u l a t e d c o r r e l a t i o n s between 

i n d i v i d u a l s tudents f o r the t o t a l sample. I t i s conceivable 

t h a t the re might be a s t r o n g c o r r e l a t i o n between a p e r s o n a l i t y 

f a c t o r score f o r a student w i t h a s p e c i f i e d classroom 
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environment (no te : a classroom environment i s p a r t o f a 

pedagogic p r o f i l e as de f ined ) w i t h i n , but not between, s tudent 

groups. This might mean t h a t c e r t a i n types o f s tudent 

( c l a s s i f i e d by a t t i t u d e ) respondent w e l l t o a g iven teacher 's 

pedagogic s t y l e but because groups are u s u a l l y arranged such 

t h a t they c o n s i s t o f mixed a t t i t u d e common a b i l i t y groups the 

classrooms would mask such r e l a t i o n s h i p s . 

Gardner concludes t h a t s tudents who are compuls ive ly o r d e r l y 

tended t o r a t e t h e i r teacher h igher on the corresponding sca le , 

n u r t u r a n t students perceived t h e i r teachers as more n u r t u r a n t , 

s tudents who see themselves as we l l -o rgan ised tended t o 

descr ibe t h e i r teachers i n s i m i l a r terms and those who are 

i n t e r e s t e d i n developing t h e i r understanding o f a f i e l d tended 

t o see t h e i r teachers as promoting t h i s o b j e c t i v e . 

This l a s t observa t ion l e d t o the second k ind o f s tudy r e l a t i n g 

t o the e f f e c t s o f teacher behaviours t o s tudent outcomes. 

Assuming t h a t the ins t ruments are r e l i a b l e a zero c o r r e l a t i o n 

between the teacher Lehavicur ( i . e . aspect o f pedagogic s t y l e ) 

and the student outcome i m p l i e s t h a t the teacher behaviour being 

s tud ied does not a f f e c t the s tudents i n any meaningful way. 

Tlv-. r r s c a r c h concludes t h a t teacher behaviours and p u p i l ou t ­

comes ( f o r which one might read: pedagogic s t y l e s and changes 

i n the a f f e c t i v e and c o g n i t i v e domains of the l e a r n e r s ) may 

enter i n t o l a w f u l r e l a t i o n s h i p s w i t h one another , t h e nature o f 

the r e l a t i o n s h i p s being d i f f e r e n t f o r d i f f e r e n t k inds of student, 

The r e s u l t s s t r o n g l y suggest t h a t i ns tead o f grouping students 

i n terms of a b i l i t y (however measured), one might b r i n g 
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together ( i n a s i n g l e group) a l l s tudents who share a s i m i l a r 

preference f o r a p a r t i c u l a r k i nd o f pedagogic s t y l e and t h a t 

such a s t ra tegy might prove b e n e f i c i a l . 

2.8.1. Having i d e n t i f i e d the genera l areas of i n t e r e s t as 

s p e c i f i e d i n Chapter 1 , the author was able t o d i r e c t a t t e n t i o n 

i n the l i t e r a t u r e review t o two s p e c i f i c reg ions which enabled 

a research programme t o be s p e c i f i e d which was based on a 

foundat ion o f e x i s t i n g knowledge and sought t o answer the 

quest ions seen as unanswered. These two regions were, a t t i t u d e 

measurement and record ing o f pedagogic s t y l e s . Methodolog ica l 

s t r a t e g i e s i n connect ion w i t h these two areas would a l so be 

reviewed. 

2.8.2. I n a d d i t i o n t o Gardner's work s u b s t a n t i a l q u a n t i t i e s of 

research have been conducted on a t t i t u d e t o physics and a t t i t u d e 

measurement i n genera l . 

Walberg (Walberg, H.S. 1967) developed an i nven to r y 

s p e c i f i c a l l y r e l a t e o t o phys ics , w h i l s t many other researchers 

are i n t e r e s t e d i n a t t i t u d e s t o sc ience. (Laughton & Wi lk inson 

1973; 1978 & 1970; Hayer 1963 & 1959; Aiken & Aiken 1969; 

Tl-MiT"^.? 1970; Ahlgren & Walberg 1973; Wicke & Yager 1966; 

Selmes 1971; Per rod in 1966; Ormerod 1973; Ormerod 1971). 

These researchers a l l used a t t i t u d e as one v a r i a b l e i n t h e i r 

s t u d i e s , many developed t h e i r own inst ruments w h i l s t some 

adopted or adapted the ins t ruments of o the r s . The impor tan t 

observat ion t h a t the author would wish t o h i g h l i g h t from a l l o f 
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the work reviewed i s not methodolog ica l cons ide ra t i ons of 

a t t i t u d e measurement, but the importance at tached t o a t t i t u d e , 

as a v a r i a b l e , by a wide range of respected researchers . 

Qui te c l e a r l y , the l a s t decade has prov ided i n c r e a s i n g awareness 

o f the need t o cons ider a t t i t u d e s when i n v e s t i g a t i n g the 

t each ing - l ea rn ing process. 

Turning now t o a t t i t u d e i n v e n t o r i e s , i t was considered 

impor tan t t o review l i t e r a t u r e ou ts ide the s p e c i f i c research 

i n t e r e s t o f a t t i t u d e t o phys ics . A t t i t u d e measurement 

represents an area of psycho log ica l research from which lessons 

may be l e a r n t and subsequently app l i ed t o the s p e c i f i c problem 

i n hand, namely adopt ing an a t t i t u d e i n ven to r y f o r t h i s research 

The standard re ferences f o r p r a c t i t i o n e r s make a u s e f u l approach 

t o the problem. Amongst those Sco t t (1968), Oppenheim (1966), 

Waite (1961) and Edwards (1957) p rov ide the i n t e n d i n g c v a l u a t o r 

of s tudent a t t i t u d e s w i t h methodolog ica l bases f o r f u r t h e r work. 

A major weakness of such standard works i s the r a t h e r super­

f i c i a l t reatment g iven to the p h i l o s o p h i c a l problems assoc ia ted 

w i t h a t t i t u d e i nven to ry des ign. S h e r i f , S h e r i f and Heberga l l 

(1965) and McGuire (1969) prov ide a r a t h e r more s c i e n t i f i c 

a p p r a i s a l o f the problems i n h e r e n t i n a t t i t u d e i n v e n t o r y design 

;v!'.ilL- o ther researchers look a t s p e c i f i c areas of importance. 

Amongst the l a t t e r category a re : OsGood and Tannenbaum (1955) 

who consider the p r i n c i p l e o f c o n g r u i t y i n the p r e d i c t i o n o f 

a t t i t u d e change, Heider (19if6) whose i n t e r e s t focuses on 

c o g n i t i v e o r g a n i s a t i o n , Chein (19^S) and Doob (19^7) who debate 

the b e h a v i o u r i s t - c o g n i t i v i s t dichotomy and Cook and S e l l t i z 

(196^) w i t h t h e i r m u l t i p l e i n d i c a t o r approach to a t t i t u d e 
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measurement. 

2.8.3. The l i t e r a t u r e review was not r e s t r i c t e d e x c l u s i v e l y t o 

a t t i t u d e measurement i n the d i s c i p l i n e o f phys ics . The review 

aimed a t i d e n t i f y i n g the k ind o f i n v e n t o r y most s u i t a b l e f o r an 

i n v e s t i g a t i o n o f the research hypotheses r a t h e r than endeavouring 

t o f i n d an i n v e n t o r y c o n t a i n i n g s u i t a b l e elements f o r d i r e c t 

adopt ion . To achieve t h i s end i t was found t h a t e x i s t i n g 

i n v e n t o r i e s could be c l a s s i f i e d i n t o f o u r c a t e g o r i e s . F i r s t l y , 

those designed f o r p a r t i c u l a r types o f s tuden t , e.g. Har r ison 

(1971), Brown & Davis (1973). Secondly, those w ish ing t o 

measure a t t i t u d e t o a p a r t i c u l a r s p e c i f i e d change i n the 

l e a r n i n g environment, such as Finchs (1969) ins t rument t o 

measure s tudent a t t i t u d e toward i n d i v i d u a l i s e d and l a b o r a t o r y 

i n s t r u c t i o n . T h i r d l y , those cons ide r i ng on ly some aspects of 

the T :o ta l a t t i t u d e as e x e m p l i f i e d by the sca les of Laughton & 

Wi lk inson (1973) and Bo l l en (1972). F i n a l l y , the i n v e n t o r i e s 

p u r p o r t i n g t o measure the ' t o t a l a t t i t u d e ' o f the respondent 

towards the ' t o t a l d i s c i p l i n e * concerned, e.g. Coon (1969), 

Skurnik and a e f f s ( j 971 ) and Gardner (197£|-),of these, Gardner 

alone was respons ib le f o r an i n v e n t o r y s p e c i f i c a l l y designed 

f o r the d i s c i p l i n e of phys ics. The au tho r , presented w i t h the 

choice o f e i t h e r adopt ing the Gardner PAX (Physics A t t i t u d e 

I n v e n t o r y ) or des ign ing h i s own, decided t o develop a new 

ins t rument . The r e j e c t i o n o f Gardner's ins t rument d i d not 

imply a l ack of conf idence i n the manner i n which the PAI was 

developed, i n f a c t the c o n t r a r y view i s more a p p r o p r i a t e . The 

r e j e c t i o n was based on the problems assoc ia ted w i t h using an 

ins t rument i n Great B r i t a i n ivhich had been developed using 
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respondents from an a l i e n c u l t u r e ( A u s t r a l i a ) , and o f an age 

group d i f f e r e n t from respondents i d e n t i f i e d f o r t h i s research. 

Adoption o f PAI would have necess i t a ted a n g l i c i s i n g and 

p i l o t i n g the ins t rument , i n f a c t , the whole process would have 

represented l i t t l e saving o f resources over the chosen 

a l t e r n a t i v e of developing a new s c a l e . 

2.8.^. Of the f o u r types o f i n v e n t o r y f o u n d ^ i t became i n c r e a s i n g l y 

c l e a r from the research c i t e d t h a t an i n v e n t o r y measuring a 

l i m i t e d number o f p r e - s p e c i f l e d a t t i t u d i n a l f a c t o r s which may be 

combined t o form a composite score would be the most app rop r i a t e 

type o f ins t rument i n order t o i n v e s t i g a t e the areas i d e n t i f i e d 

i n Chapter 1 . As w i l l become ev iden t l a t e r , f o u r such f a c t o r s 

proved t o be impor tan t i n t h i s research: Exam o r i e n t a t i o n ; . 

P r a c t i c a l O r i e n t a t i o n ; I n t r i n s i c m o t i v a t i o n ; and Personal 

Pleasure from Physics. 

2.9.1. The second area of l i t e r a t u r e review was t h a t o f pedagogic 

s t y l e and how i t may be recorded. 

Wh i l s t the term pedagogic s t y l e has not been w ide l y used by 

other researchers, there have been many s t u d i e s l o o k i n g a t the 

teacher r o l e i n the t e a c h i n g - l e a r n i n g s i t u a t i o n . Many of 

are r e l e v a n t t o t h i s s tudy. Armidon and Flanders (1963) 

consider the r o l e o f the teacher i n the classroom w h i l s t Bales 

(1950) concentrates on the i n t e r a c t i o n process occur ing i n the 

teach ing - l ea rn ing s i t u a t i o n . Wherever 'pedagogic s t y l e ' or 

s i m i l a r terms are used, almost w i t h o u t excep t ion some form of 

. e v a l u a t i o n i s i m p l i e d . Some researchers f o l l o w i n g the lead s e t 
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by Stuff lebeam (1968) watered down the concept o f ' eva lua t ion* 

by c a l l i n g i t " i n f o r m a t i o n f o r d e c i s i o n making." Th is could be 

i n t e r p r e t e d e i t h e r as c o n t a i n i n g a judgement or o f being non­

commi t ta l , e.g. a d e s c r i p t i v e account. However, those who 

support d e s c r i p t i v e "eva lua t i ons ' (amongst whom the author would 

be named) are not.so naive as t o suppose t h a t judgements are no 

" p a r t o f t h e i r work, but they are more i n t e r e s t e d i n i l l u m i n a t i n g 

poss ib le judgements r a t h e r than recommending them. 

With some notab le excep t ions , such as M o l l e t (1977) , most 

'eva lua t ions ' o f the teach ing s i t u a t i o n are at tempts t o s p e c i f y 

good or bad examples, whatever they may be, w i t h t he d e s c r i p t i v e 

i l l u m i n a t i v e approach f i n d i n g l i t t l e support amongst academics. 

C l e a r l y , the expressed i n t e n t i o n of us ing j u s t such an approach 

i n t h i s research p r o j e c t w i l l need t o be j u s t i f i e d i f i t i s t o 

be academical ly c r e d i b l e . Such d i scuss ion i s i nc luded i n l a t e r 

chapters i l l u m i n a t e d by the f o l l o w i n g ex tens i cn of the l i t e r a t u r e 

survey t o i nc l ude r a t h e r more s p e c i f i c methodo log ica l s t u d i e s . 

2.9.2. The problem r a i s e d by the l i t e r a t u r e reviewed i n paragraph 

'2 .9 .1 . was r e l a t e d t o the competing paradigms w i t h i n educa t iona l 

research. Power (1976) cons iders t h i s problem and i d e n t i f i e s 

t h ree paradigms. The ' A g r i c u l t u r a l - S c i e n t i f i c ' paradigm i s 

analogous t o the ' eva lua t i ve exper imenta l ' approach. The idea 

i s t h a t one can u t i l i s e the power fu l i n t e l l e c t u a l and 

s t a t i s t i c a l t o o l s o f the sciences i n s tudy ing e d u c a t i o n a l , as w e l l 

as n a t u r a l , phenomena. This i s .a l o g i c a l outcome of the success 

s t o r y of sc ience. This paradigm i m p l i e s t h a t , t o be wor thwh i l e , 
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a l l educa t iona l research should be o b j e c t i v e , e m p i r i c a l , 

nomothetic, and v a l u e - f r e e ; and t h a t wel l -des igned e m p i r i c a l 

s tud ies w i l l u l t i m a t e l y uncover the laws governing human 

behaviour. The c o n t r a r y view i m p l i e s t h a t d e s c r i p t i v e 

eva lua t ions stemming from a phenomenological approach can 

prov ide equa l l y wor thwh i le outcomes. Power agrees, but d i v i d e s 

the view i n t o two d i f f e r e n t paradigms. F i r s t l y t h e anthropo­

l o g i c a l paradigm encompassing ethnographic approaches t o 

research and, secondly, the p h i l o s o p h i c a l paradigm. The f i r s t 

o f these i s the t r u e phenomenological approach which^at i t s 

extreme^demands t h a t the researcher does ex tens ive f i e l d work i n 

the problem s e t t i n g o f a k i n d which a l lows him t o become a 

p a r t i c i p a n t observer r a t h e r than a detached man ipu la t i ve 

researcher, c o n t r o l l i n g and measuring people and events . The 

second i s t h a t which a t t r a c t s the author 's support and which 

lends credence t o the approach proposed and adopted f o r t h i s 

s tudy. The p h i l o s o p h i c a l paradigm c la ims t h a t t o e x p l a i n i s 

t o analyse the incomprehensible i n t o s imp le r , more under­

standable components, and t o show how these components are i n t e r ­

r e l a t e d . Kaplan (!'96'̂ ) and Scr iven (1966). Such research 

provides support f o r the author 's approach t o the problem. The 

commonsense everyday knowledge o f the research s u b j e c t s i s the 

prime source of data and, i t i s the c o g n i t i v e s t r u c t u r e o f the 

respondent t o which one has t o d i r e c t i n v e s t i g a t i o n w i t hou t the 

i m p o s i t i o n o f e x t e r n a l c r i t e r i a or b e l i e f s i n the s u p e r i o r i t y o f 

academic knowledge. Young (1971). Having e s t a b l i s h e d the 

c r e d i b i l i t y o f such an approach from the l i t e r a t u r e , i t s t i l l 

remains t o consider research based upon such a phi losophy f o r 

the i n v e s t i g a t i o n o f pedagogic s t y l e w i t h i n the d i s c i p l i n e o f 



phys ics . Such i n v e s t i g a t i o n i s reward ing, f o r both the depth 

and breadth of such s t u d i e s enables the pe rcep t i ve reader t o 

I d e n t i f y or exp lore t h e i r weaknesses and s t r e n g t h s . Six 

s t u d i e s can be i d e n t i f i e d as r e p r e s e n t a t i v e o f t h i s area, namely: 

Gardner (197^) , research on teacher e f f e c t s ; Reed (1961) , w i t h 

teacher v a r i a b l e s of warmth, demand and u t i l i s a t i o n o f i n t r i n s i c 

m o t i v a t i o n r e l a t e d t o science i n t e r e s t s ; Horsby-Smith (1973) , 

s t y l e s o f teaching and t h e i r i n f l u e n c e upon the i n t e r e s t o f 

s tudents i n sc ience; Shavelson (1970), some aspects o f the 

r e l a t i o n s h i p between con ten t s t r u c t u r e and c o g n i t i v e s t r u c t u r e 

i n physics i n s t r u c t i o n ; E l l i o t t (1971), percep t ions of h igh 

school physics and physics teachers ; and Mackay (1971), changes 

on a f f e c t i v e domain o b j e c t i v e s du r i ng two years o f physics s tudy. 

Each o f these s tud ies considered alone prov ides va luab le i n s i g h t s 

i n t o pedagogic s t y l e s adopted by physics teachers . Considered 

toge the r , the importance o f pedagogic s t y l e r e l a t i v e t o the 

l e a r n i n g of physics s tudents becomes very ev iden t bu t a t the 

same t ime , these researchers have shown no commonality o f 

technique i n the i d e n t i f i c a t i o n of p a r t i c u l a r pedagogic s t y l e s . 

I n the l a t t e r respeo;;, these r e p o r t s may appear t o c o n t r a d i c t 

one another, but i n p r a c t i c e i t i s not c o n t r a d i c t i o n , but a 

quest ion o f apparent c o n f l i c t which stems from the use o f 

d i f f e r e n t s t a r t i n g p o i n t s and i n c o n s i s t e n t d e f i n i t i o n s o f 

pedagogic s t y l e between researchers . The hypotheses s p e c i f i e d 

i n Chapter 3 are framed t o c l a r i f y these c o n f l i c t s and t o 

prov ide a means of v iewing physics teach ing i n a systemat ic and 

c o n s i s t e n t manner. (See a l s o Rothman,'Welch and Walker (1969), 

A rb ib and Henscombe (1972), Handley and Bledsoe (1967/68)) . 
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2.9.3. The l i t e r a t u r e reviewed i n paragraph 2.9.2. enables a 

phi losophy t o be adopted, but a l s o creates the need t o develop a 

methodology app rop r i a te t o the problem, concerned w i t h the t e n e t s 

of the chosen phi losophy, and acceptable i n terms o f p r a c t i c a l 

a p p l i c a t i o n . This problem has a l ready been encountered i n 

a t t i t u d e measurement, but now needs t o be recons idered w i t h 

respect t o record ing pedagogic s t y l e s . I n order t o achieve t h i s 

end, r e l e v a n t l i t e r a t u r e can.be consu l ted t o a s c e r t a i n how 

s i m i l a r problems have been solved by o ther researchers and 

hence t o deduce an app rop r i a te s t r a t e g y f o r t h i s research. 

The t e a c h i n g - l e a r n i n g process i s descr ibed by Fenker (1975) i n 

terms o f a simple communication model w i t h f o u r components; the 

sender, the encoding s t r u c t u r e , the decoding s t r u c t u r e and the 

d e s t i n a t i o n . C l e a r l y , the 'pedagogic s t y l e ' o f the teacher 

encompasses the f i r s t two aspects , but the teacher 's behaviour 

(and hence h i s pedagogic s t y l e ) w i l l be a f f e c t e o by h i s knowledge 

of the l a t t e r two. I n s imple terms t h i s s t a t e s t h a t i n 

adopt ing a p a r t i c u l a r s t y l e , a teacher w i l l e i t h e r o v e r t l y or 

c o v e r t l y assess h i s expec ta t i ons o f a n t i c i p a t e d s tuden t 

responses. Such r e l a t i o n s h i p s are i d e n t i f i e d i n t he work o f 

Weick (1968), Fes t inger (1957) , and Shavelson (1972). Many 

u s e f u l techniques have been developed which f a l l w i t h i n t h i s 

.area and taken i n t o c o n s i d e r a t i o n the t o t a l c o g n i t i v e proccr.s. 

A number o f these are mentioned i n a book e n t i t l e d "Eva lua t i ng 

teach ing i n Higher Educat ion" (U.T.M.L. 1976). W h i l s t t h i s 

considers research conducted i n Great B r i t a i n i t does r a t h e r 

neg lec t American research. B a i l e y (1977) a t Kansas State 

U n i v e r s i t y developed a means o f reco rd ing pedagogic s t y l e which 

d i d not impose c r i t e r i a upon the teacher, but having used t h i s 



technique, he then adopted the emergent f a c t o r s as c r i t e r i a t o 

be behaviourably app l i ed i n subsequent at tempts t o reco rd 

pedagogic s t y l e I 

2.9,4. Two techniques emerge from the l i t e r a t u r e as p r o v i d i n g an 

app rop r ia te means of reco rd ing pedagogic s t y l e . 

These are K e l l y ' s Repertory Gr id and Osgood's Semantic 

d i f f e r e n t i a l . F rank ly , c lose examinat ion of some s t u d i e s us ing 

one or o the r o f these techniques would r e s u l t i n the reader 

being unable t o decide which was being a p p l i e d , as both systems 

have been e x t e n s i v e l y adopted, and o f t e n approach one another 

very c l o s e l y . Large ly f o r the reasons s p e c i f i e d by K e l l y (1955) 

the r e p - g r i d technique would seem t o be best s u i t e d t o the 

demands o f t h i s p r o j e c t , A c o n s i d e r a t i o n o f t he rep g r i d 

technique i s made i n Chapter 6 and i t s use i n educat ion i s 

discussed below. 

The work of Tho mas a t Brunei U n i v e r s i t y has done much t o extend 

the scope o f the technique. The l i t e r a t u r e r a i s e s some r a t h e r 

impor tan t ques t ions , the f i r s t o f which i s the a p p l i c a b i l i t y o f 

r epg r i ds t o c e r t a i n types of respondent. Ch i l d ren do not 

respond w e l l t o the technique ar/J researchers , such as Cashdan 

.and Ph i l ps (1978) using types of r e p g r i d w i t h young respondents 

have had t o abandon the technique i n favour o f more ' t r a d i t i o n a l ' 

f r e e - f l o w i n g i n t e r v i e w techn iques. However, support f o r t he 

use of r e p g r i d s can be obta ined from the work o f Applebee (1976) 

working a t Goldsmiths College on the development o f c h i l d r e n s 

response t o r e p e r t o r y g r i d s . The evidence shows the post 16 



year o l d students respond w e l l t o t he techn ique. 

A second ques t ion r e l a t e s t o t he use o f r e p g r i d s i n t h e 

respondents' semantic competence i n d i s t i n g u i s h i n g t he concepts 

'same* and ' d i f f e r e n t . ' I t should be noted t h a t Glucksberg 

(1976) has i n v e s t i g a t e d t h i s problem and concluded t h a t the 

g e n e r a l l y expressed concerns are unfounded. A c o n t r a r y view i s 

expressed i n a book e n t i t l e d 'Opposites.' No rev iew of 

r e p e r t o r y g r i d l i t e r a t u r e could exclude Bann is ter and Mair 

(1969) who have provided a f i r s t and most u s e f u l handbook f o r 

the p o t e n t i a l user of r e p e r t o r y g r i d s , t oge ther w i t h f o l l ow-up 

p u b l i c a t i o n s (e.g. Bannister & F r a n s e l l a 1977). 

Only one technique appears t o have ever used r e p e r t o r y g r i d s as 

a means o f i d e n t i f y i n g and r e c o r d i n g pedagogic s t y l e . This i s 

the "Tuckman t e a c h t r feedback fo rm" developed by Tuckman (1976), 

K e l l y ' s theory o f personal c o n s t r u c t s e x p l a i n s the unde r l y i ng 

purpose o f the TTFF. Both teacher and observer use personal 

c o n s t r u c t s , conceived as b i p o l a r a d j e c t i v e p a i r s , t o i n t e r p r e t 

or construe the r e a l i t y o f the classroom. Thus, us ing a se t 

of r e l a t i v e l y uns t ruc tu red dimensions, observers can r e p o r t 

t h a t c o n s t r u c t i o n o f r e a l i t y t o represen t a p i c t u r e o f how the 

teacher i s behaving, i n othe'ir W O T I I S the TTFF accepts K e l l y ' s 

argument t h a t r e a l i t y i s a c o n s t r u c t i o n o f the observer and so 

presents a means o f e l i c i t i n g and d e s c r i b i n g an observer's 

c o n s t r u c t i o n o f a teacher 's behaviour. Tuckman w h i l s t s t a r t i n g 

from a u s e f u l base ends up w i t h s p e c i f i c a t i o n o f 28 behav ioura l 

c h a r a c t e r i s t i c s which can then be d i r e c t l y a p p l i e d . 
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The second i n t e r n a t i o n a l conference on Personal Const ruct Theory 

he ld a t Oxford i n 1977 inc luded a v a r i e t y o f a t tempts t o record 

pedagogic s t y l e . Apart from Pope (1977) and Keen (1977) a l l 

the o ther at tempts used the r e p g r i d as a means o f producing 

c r i t e r i a which may be b e h a v i o u r a l l y a p p l i e d when app ra i s i ng 

teachers. (See proceedings o f 2nd. I n t e r n a t i o n a l Conference on 

-r Personal Contact Theory). The author has chosen t o develop an 

a p p l i c a t i o n o f the r e p e r t o r y g r i d which i s not so cons t ra i ned , 

and dep i c t s the pedagogic s t y l e as perce ived by the respondent, 

f r e e from e x t e r n a l c r i t e r i a . 



All ̂ Mimi ^mAiin 

THE RESEARCH HYPOTHESIS 

4 7 . 



3.1. Chapter 1 inc ludes a comment o f Claude Bernard, s t a t i n g t h a t , 

i n h i s view, a hypothesis i s the o b l i g a t o r y s t a r t i n g p o i n t f o r 

a l l exper imenta l reasoning, Without i t , no i n v e s t i g a t i o n would 

be poss ib le and one would ]earn no th i ng ; one cou ld on ly p i l e up 

barren observa t ions . To experiment w i t h o u t preconceived ideas , 

i s t o wander a i m l e s s l y . I t i s , however, impor tan t t o be aware 

of what one's preconceived ideas are i n order t o avo id the 

i n j e c t i o n o f unconscious b i a s . I n t h i s chapter , i t i s the 

author 's i n t e n t i o n t o r e f i n e t he views expressed i n paragraph 

1.1, i n order t h a t they may be s t a t e d as s p e c i f i c hypotheses, 

which w i l l be i n v e s t i g a t e d i n t h i s research p r o j e c t . 

3.2. One poss ib le approach t o t h i s research would be t o use an 

'exper imental ' design where a d i r e c t r e l a t i o n s h i p between the 

independent v a r i a b l e , pedagogic s t y l e , and the dependent 

v a r i a b l e , a t t i t u d e , cou ld be i n v e s t i g a t e d , i . e . a change i n the 

l a t t e r could be a t t r i b u t e d t o a change i n the former. 

Al though, i n theory , such an exper imenta l approach i s p o s s i b l e , 

i t i s not seen by the author as app rop r ia te f o r a v a r i e t y o f 
* 

reasons. Perhaps the most impor tan t o b j e c t i o n i s the cove r t 

i n fe rence o f - a d i r e c t i o n o f c a u s a l i t y which i s by no means w e l l 

e s tab l i shed i n the l i t e r a t u r e (Cronbach and Snow 1977). A 

GC^cor.d and p r a c t i c a l problem i s the nature o f pedagogic s t y l e . 

By d e f i n i t i o n t h i s i s a m u l t i v a r i a t e f a c t o r o f such a nature 

t h a t i t would be d i f f i c u l t t o i d e n t i f y groups o f respondents 

each e x h i b i t i n g the same pedagogic s t y l e . 

The chosen research approach, t h e r e f o r e , i s a comparative study 
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conducted i n the present dimension where respondents may be 

c l a s s i f i e d i n t o groups by e i t h e r an a t t i t u d e score, over a l l 

f a c t o r s , or by t h e i r score on each o f f o u r f a c t o r s o f t h e i r 

a t t i t u d e t o phys ics. Thus, a l though the a t t i t u d e i n v e n t o r y 

developed i s i n f a c t m u l t i v a r i a t e ( f o u r f a c t o r s ) , the 

c o n t r i b u t i n g f a c t o r s are e a s i l y i d e n t i f i e d f o r each respondent 

who w i l l have a score on each. This i s not t he case w i t h 

pedagogic s t y l e where the f a c t o r s c o n t r i b u t i n g t o a respondent's 

perce ived pedagogic s t y l e may be unique t o him. 

3.3. Pedagogic s t y l e may then be recorded f o r each i n d i v i d u a l 

respondent i r r e s p e c t i v e o f whether they are s tudents or 

teachers i n one or more o f the f o l l o w i n g forms, ( I t can be 

argued, and indeed i s i n Chapter 5, t h a t even a l though a 

respondent may be devoid o f a l l knowledge o f ' teaching s k i l l s * 

he s t i l l has a percep t ion o f what a g iven teacher, o r a 

h y p o t h e t i c a l i d e a l teacher 'does.' This fo rma l d e s c r i p t i o n o f 

what a teacher 'does' i s d e f i n e d as a perce ived pedagogic 

s t y l e ) . 

i ) The pedagogic s t y l e I b e l i e v e I would adopt when 

teaching physics i n a g iven s e t t i n g , 

i i ) The pedagogic s t y l e I b e l i e v e t o be the most e f f e c t i v e 

i n the same t e a c h i n g - l e a r n i n g s e t t i n g as ( i ) above, 

i i i ) The pedagogic s t y l e I b e l i e v e would be the most 

i n e f f e c t i v e i n the same t e a c h i n g - l e a r n i n g s e t t i n g as 

( i ) above. 

The pedagogic s t y l e s i d e n t i f i e d can then be compared between 

respondents c l a s s i f i e d p r e v i o u s l y as s i m i l a r by a t t i t u d e . 
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S i m i l a r i t i e s and d i f f e r e n c e s can be i d e n t i f i e d and q u a n t i f i e d , 

and composite group p r o f i l e s computed f o r "between-group" 

a n a l y s i s . D e t a i l s o f the mechanism f o r such a n a l y s i s i s g iven 

i n Chapters 4, 5 and 6. 

3.3.1- I t needs t o be made e x p l i c i t t h a t the author cons iders t he 

i n v e s t i g a t i o n t o be o f va lue i n terms o f p r o v i d i n g a means by 

which p r a c t i s i n g teachers o f physics i n h igher educat ion may 

view the arena i n which they operate . I n h i s progress ion 

through the process o f research the author adopted a method­

ology which i n i t s e l f proved t o be a mechanism f o r r a i s i n g 

pe rcep tua l awareness and as a consequence t h i s 'means' aimed t o 

achieve i n some measure the 'ends* s p e c i f i e d f o r the research. 

Indeedyone o f the many s t r e n g t h s o f the r e p e r t o r y g r i d based 

methodology i s i t s r e l a t i v e p r o t e c t i o n from 'unconscious b i a s . ' 

Work by o ther researchers has shown t h a t the in tended 

c o n s i s t e n t b i a s i n g o f g r i d scores proves t o be almost 

imposs ib le t o achieve. (Reid 1976). Respondents t o a g r i d 

i n t e n d i n g t o e l i c i t reasons f o r m a r i t a l problems o f t e n a t tempt 

t o conceal r e a l c o n t r i b u t i n g f a c t o r s . Such respondents f r e e l y 

admit i n feedback sessions t h a t t h e i r a t tempts a t concealment 

were f r u i t l e s s . Wh i l s t t h i s r e l a t e s t o a conscious at tempt a t 

b i a s i n g , research evidence i s a v a i l a b l e from the wide range o f 

a c t i v i t i e s researched us ing r e p e r t o r y g r i d based methodologies 

' t h a t b i as unconsciously i n t r oduced i s made e x p l i c i t by the 

analys is^and respondents are compelled t o admit t h a t the feed ­

back data makes e x p l i c i t f a c t s they now r e a l i s e t o be t r u e ^ b u t 

which had h i t h e r t o not been apparent t o them, thus unconscious 

50 



bias and conscious b i a s , w h i l s t p o s s i b l e , almost always 

becomes apparent from the a n a l y s i s . Thus the methodology 

emerged as a s t rong ins t rument f o r ach iev ing the research 

o b j e c t i v e s as i t c o l l e c t e d data i n t he respondent's terms 

unclouded by unconscious b ias and i n i t s e l f r a i s i n g pe rcep tua l 

awareness o f t h e problem. Such was the emergent s t r e n g t h o f 

the ins t rument developed, the author used i t , a lmost unmodi f ied, 

as a teach ing a p p r a i s a l t o o l c a l l e d by the acronym TARGET. 

(Teaching A p p r a i s a l by Repertory Gr id E l i c i t a t i o n Techniques). 

This i s descr ibed i n Chapter 9. (The author was the 

o r i g i n a t o r o f the TARGET p r o j e c t and then o p e r a t i o n a l i s e d the 

system as a p a r t o f h i s employment w i t h Hopwood, who 

c o n t r i b u t e d t o the n a t i o n a l ope ra t i ons a s p e c t ) . However, a t 

t h i s p o i n t , the author would wish t o s t r e s s t h a t t h i s t h e s i s 

descr ibes an i n v e s t i g a t i o n o f p r e - s p e c i f i e d hypotheses many o f 

which are c l e a r l y 'newsworthy* ( t o use Poppers te rm ino logy) i n 

t h a t they do not r e j e c t the views p o p u l a r l y he ld by p r a c t i s i n g 

teachers o f physics i n h igher educat ion (see Chapter 9 )• 

3.^. The research aims t o prov ide a s t a t i c p i c t u r e ol phys ics 

teach ing i n i n s t i t u t i o n s o f f u r t h e r and h igher educat ion i n t h e 

pe r iod 1975 t o 1979. Hence the use o f the phrase ' i n the 

present dimension' i n paragi-^aplj 5.3» Furthermore, i t w i l l oe 

poss ib le t o observe the percep t ions o f both teachers and 

students w i t h respec t t o what pedagogic s t y l e represents the 

most e f f e c t i v e approach i n a g iven t e a c h i n g - l e a r n i n g s i t u a t i o n . 

As a c r i t i c a l comparative survey the research does not i n t e n d 

t o p resc r i be changes i n pedagogic s t y l e , but by i d e n t i f y i n g 
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poss ib l e areas o f c o n f l i c t between teachers and l e a r n e r s , the 

f i n d i n g s may a s s i s t p r a c t i t i o n e r s i n the f i e l d t o perce ive t h e i r 

teach ing as o thers see i t . I n o the r terms i t w i l l make 

e x p l i c i t those peer group values which so o f t e n remain 

undisc losed t o those ou ts ide o f the c u l t u r e f rom which they were 

generated. 

The major research aim can be s p e c i f i e d , namely t h a t o f 

producing a research r e p o r t r e l e v a n t t o , and a c c u r a t e l y 

r e p r e s e n t a t i v e o f physics teach ing i n FE/HE du r i ng the 1975 t o 

1979 p e r i o d . The research problem t h e r e f o r e i s t o look i n 

d e t a i l a t the way i n which d i f f e r e n t teachers of physics p lay 

t h e i r r o l e i n f a c i l i t a t i n g l e a r n i n g i n t h e i r s tuden ts , and t o 

i d e n t i f y the ways i n which d i f f e r e n t observers ( t eachers , 

physics teachers and physics s tudents c l a s s i f i e d by a t t i t u d e 

f a c t o r s ) perce ive these pedagogic i n p u t s . 

The research i s not intended t o be p r e s c r i p t i v e and so any 

conclus ions may be open t o the c r i t i c i s m 'so what?' The author 

would defend h i s stance by s t a t i n g h i s personal i n t u i t i v e b e l i e f , 

which, (due t o the f a c t t h a t no research has been undertaken i n 

the a r e a ) , i s not supported by research evidence, t h a t many 

teachers o f physics are s k i l l e d p r d C t i t i o n e r s w i t h a wide 

r e p e r t o i r e o f pedagogic s k i l l s . The i r pedagogic s t y l e , does 

no t , i n h i s exper ience, o f t e n change once e s t a b l i s h e d , perhaps 

due t o a l ack o f i n f o r m a t i o n regard ing h i s s tudent and peer 

percept ions o f what he i s doing. I f , however, an a n a l y s i s o f 

the data c o l l e c t e d i n r e l a t i o n t o the hypotheses enables any 
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p r a c t i t i o n e r t o i d e n t i f y d i f f e r i n g pedagogic p r e f e r e n c e s , i t may 

w e l l be w i t h i n the competence o f many teachers t o exp lo re the 

e f f e c t s o f changing t h e i r own pedagogic p r o f i l e towards t h a t 

perceived as more e f f e c t i v e by t h e i r s tudents who can be seen t o 

e x h i b i t s i m i l a r a t t i t u d e s t o those i n the data producing sample. 

I t should be noted t h a t a perceived e f f e c t i v e pedagogic s t y l e 

may be LESS e f f e c t i v e than one considered r a t h e r i n e f f e c t u a l , 

but i f t h i s i s so (and i t w i l l depend on the way i n which 

e f f e c t i v e n e s s i s d e f i n e d , v i z . Sayer 1977 & G i l b e r t 1978) the 

teacher concerned w i l l be able t o ques t ion h i s s t r a t e g i e s from 

a p o s i t i o n o f r a i s e d pe rcep tua l awareness w i t h a communication 

channel a v a i l a b l e betv/een h imse l f and h i s s tudents based on the 

o v e r t statement o f t h e i r d i f f e r i n g percept ions o f what 

c o n s t i t u t e s an ' e f f e c t i v e pedagogic s t y l e . ' I r r e s p e c t i v e o f 

the way i n which an e f f e c t i v e pedagogic s t y l e i s de f i ned or 

i n t e r p r e t e d by d i f f e r i n g groups the re may be compel l ing 

reasons f o r ass ign ing s tudents t o l e a r n i n g groups by d i f f e r e n t 

c r i t e r i a than academic p o t e n t i a l (however measured) which i s 

commonly used a t the present t ime . Thus the hypotheses have 

been framed i n such a way as t o f a c i l i t a t e the p r o d u c t i o n , 

a f t e r data a n a l y s i s , of a d e s c r i p t i v e r e p o r t concerned w i t h the 

quest ions r a i s e d i n Chapter 1 and i n r e l a t i o n t o the founda t ion 

o f knowledge e x t r a c t e d from t^.c review o f the l i t e r a t u r e i n 

Chapter 2. Methodo log ica l , and sampling s t r a t e g i e s are 

considered i n d e t a i l i n f o l l o w i n g chapters . 

3.^.1. Cronbach and Snow (1977) i n t h e i r ATI s t u d i e s ( A p t i t u d e and 

Treatment I n t e r a c t i o n ) considered some s i m i l a r problems from a 

r a t h e r d i f f e r e n t pe rspec t i ve . Thei r concern was matching 
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a p t i t u d e s t o t reatments i n t h r e e ways, a l l assuming i n d i v i d u a l 

s tudents and i g n o r i n g s o c i a l - p s y c h o l o g i c a l f a c t o r s o p e r a t i n g 

a t group l e v e l : c a p i t a l i z a t i o n o f s t r e n g t h s ; compensation and 

remedia t ion . The author 's approach d i f f e r s i n two major 

respects, from the ATI approach F i r s t l y , the group 

f a c t o r s are not ignored , indeed they are promoted t o a h igh 

" l e v e l o f s i g n i f i c a n c e as i t i s be l i eved by the author t h a t 

group i n t e r a c t i o n s do e f f e c t l e a r n i n g and secondly, the 

emphasis i s placed not on i n d i v i d u a l l e a r n i n g d i f f e r e n c e s 

(which are acknowledged t o e x i s t ) but on common group 

percept ions of e f f e c t i v e pedagogy, thus demanding changing o f • 

pedagogic procedure on the p a r t o f p r a c t i t i o n e r / t e a c h e r i n 

order t o achieve increased e f f e c t i v e n e s s . The author does 

no t , however, r e f u t e the importance o f i n d i v i d u a l i z e d l e a r n i n g 

and has expressed a t r i a d i c d i s t r i b u t i o n not too d i s s i m i l a r t o 

t h a t made by Cronbach and Snow (1977) i n h i s poper w i t h 

Reid (1976) e n t i t l e d Guided Learn ing. His c l a s s i f i c a t i o n s 

were (a) remedia l , (b ) s u p p o r t i v e and (c ) ex tend ing , and t h i s 

matches the Cronbach terms (a) ' remediat ion ' , (b ) compensation' 

and (c ) ' c a p i t a l i z a t i o n o f s t r e n g t h s ' r e s p e c t i v e l y . 

3.5. The hypotheses 

3.5.1. A t t i t u d e t o phys ics , measured by the a t t i t u d e t o physics 

i nven to r y t o t a l score i f a p p r o p r i a t e , (and on each independent 

f a c t o r i f composite s c o r i n g i s i n a p p r o p r i a t e ) , w i l l be more 

p o s i t i v e f o r teachers o f undergraduate physics than f o r f i r s t 

year undergraduate s tudents o f phys ics . 
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3.5.2. A t t i t u d e s t o phys ics , measured by the a t t i t u d e t o physics 

i n v e n t o r y t o t a l score i f a p p r o p r i a t e (and on each independent 

f a c t o r i f composite sco r i ng i s i n a p p r o p r i a t e ) w i l l be more 

p o s i t i v e f o r f i r s t year undergraduate s tudents o f phys ics 

than f o r academic teaching s t a f f from d i s c i p l i n e s o t h e r than 

phys ics . 

3.5.3. F i r s t year undergraduate s tudents o f physics w i l l be more 

p o s i t i v e l y o r i e n t a t e d towards the requirements o f an 

examinat ion, measured by Factor A (examinat ion o r i e n t a t i o n ) o f 

the a t t i t u d e s physics i n v e n t o r y , than w i l l teachers o f under­

graduate phys ics . 

3.5.A-. Teachers of undergraduate physics w i l l e x h i b i t a more 

p o s i t i v e o r i e n t a t i o n towards p r a c t i c a l work, i n t r i n s i c 

m o t i v a t i o n and o b t a i n i n g p leasure from physics i n s t r u c t i o n , 

measured by the th ree r e s p e c t i v e f a c t o r s fron' the a t t i t u d e t o 

physics i n v e n t o r y , than w i l l f i r s t year undergraduate s tudents 

o f phys ics . 

3.5.5. There w i l l be a s i g n i f i c a n t d i f f e r e n c e between t h e p o s i t i v e 

a t t i t u d e and negat ive a t t i t u d e respondents o f a l l t h r e e 

c a t e g o r i e s , and on a l l f o u r f a c t o r s , i n the way i n which they 

c o r p o r a t e l y perceive and c a t e g o r i s e observed teach ing ac t s on 

c r i t e r i a associated w i t h e f f e c t i v e n e s s of t each ing , i d e n t i f i e d 

by a s t a t i s t i c a l comparison o f element vec to rs and 

s u b j e c t i v e l y by the respondents* v e r b a l c o n s t r u c t i o n s 

assoc ia ted w i t h the p r i n c i p a l components i n t he c o n s t r u c t space 
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o f the app rop r i a t e respondent sub-group. 

3.5.6. There w i l l be a g rea te r p o s i t i v e c o r r e l a t i o n between the 

percep t ion and c l a s s i f i c a t i o n o f observed teaching episodes 

by teachers o f physics and s tudents o f physics when respondents 

w i t h s i m i l a r a t t i t u d e s are compared than when d i f f e r i n g a t t i t u d e 

groups are compared. 

3.5.7. The corpora te percept ions and c a t e g o r i s a t i o n s o f observed 

teach ing episodes, aga ins t e f f e c t i v e teach ing c r i t e r i a , by each 

o f the c lasses o f respondent w i l l show g rea te r s i m i l a r i t y 

between students o f phys ics , than any s i m i l a r i t y between any 

other two groups. The comparison w i l l be made o b j e c t i v e l y by a 

s t a t i s t i c a l comparison o f element vec to r s and, where s i g n i f i c a n t 

r e l a t i o n s h i p s are seen t o e x i s t , by l i s t i n g c o n s t r u c t l a b e l s as 

used by each c lass o f respondent r e s p e c t i v e l y . 

3.5.8. F i r s t year undergraduate s tudents o f physics formed i n t o 

groups by t h e i r score on each component f a c t o r w i t h i n the 

a t t i t u d e t o physics i n v e n t o r y ( f o u r f a c t o r s ) w i l l e x h i b i t a 

commonality of pe rcep t i on , when c a t e g o r i s i n g observed teach ing 

episodes aga ins t pedagogic e f f e c t i v e n e s s c r i t e r i a , between 

common a t t i t u d e groups across f a c t o r s t o a g rea te r e x t e n t than 

between d i f f e r i n g a t t i t u d e groups w i t h i n f a c t o r s . 

3.5.9. P o s i t i v e a t t i t u d e respondents from each component f a c t o r , 

w i l l e x h i b i t a g rea te r 'acceptance range' measured by a lower 

r a t e o f d e c l i n e o f Eigen values generated from a p r i n c i p a l 
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component a n a l y s i s o f the respondent's g r i d s w i t h common 

element samples, than w i l l the nega t i ve a t t i t u d e comparison 

group. 

3.5.10. Teachers o f undergraduate phys ics w i l l e x h i b i t a g rea te r 

•acceptance range' measured by a lower r a t e o f d e c l i n e o f 

Eigen values generated from a p r i n c i p a l component a n a l y s i s o f 

the respondents' g r i d s w i t h common element samples, than w i l l 

the s tudent category o f respondents5 who w i l l themselves 

e x h i b i t a g rea te r acceptance range than teachers o f sub jec t s 

o ther than phys ics . 

3.5.11. An a p p r a i s a l o f the c o n s t r u c t s used by respondents i n 

complet ing t h e i r g r i d s w i l l show t h a t f o r teachers o f under­

graduate phys ics the r a t i o o f d i s c i p l i n e o r i e n t a t e d c o n s t r u c t s 

t o pedagogy o r i e n t a t e d c o n s t r u c t s w i l l be g rea te r than f o r 

e i t h e r o f the o ther two groups o f respondent. 

3.5.12. F i r s t year undergraduate s tudents o f phys ics formed i n t o 

l e a r n i n g groups by t h e i r t o t a l a t t i t u d e score, measured by t he 

a t t i t u d e t o physics i n v e n t o r y , w i l l have common percept ions o f 

the pedagogic s t y l e they assoc ia te w i t h e f f e c t i v e teach ing o f 

undergraduate physics w i t h l e s s var iance than any mixed 

a t t i t u d e grouping. 

3.6. A f u l l d i scuss ion o f these hypotheses toge the r w i t h i n t e r ­

p r e t i v e notes appears i n Chapter 8. A t f i r s t read ing the 

hypotheses may appear t o have tenuous l i n k s , thay do, however. 
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f a l l i n t o f o u r bas ic ca tego r i es connected as i l l u s t r a t e d i n 

the f i g u r e 3/1. 

FIGURE 3/1 ABOUT HERE 

F i g , 3/1 may be read from l e f t t o r i g h t and t o p t o bottom 

s imul taneous ly ! Thus s t a r t i n g from the top box, the author 

r e a l i s e d t h a t a t t i t u d e s and t h e i r i n f l u e n c e on the e f f e c t i v e ­

ness o f pedogogic p r a c t i c e gave r i s e t o a v a r i e t y o f poss ib l e 

r e l a t i o n s h i p s . These i n t u r n s t i m u l a t e d thought i n f o u r 

s p e c i f i c areas; ( a t t i t u d e s , f a c t o r s o f a t t i t u d e , e t c . ) which 

by means o f a feedback mechanism r e f i n e d t he f o u r areas as 

shown i n the diagram t o f a c i l i t a t e the w r i t i n g o f s p e c i f i c 

hypotheses. F i n a l l y , the research i d e n t i f i e d c e r t a i n new 

r e l a t i o n s h i p s as i n d i c a t e d i n the r i g h t hand box. 
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THE ATTITUDE INVENTORY 
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4.1.1. Having de l i nea ted the research hypothesis i n Chapter 3, and 

considered the range o f p o s s i b l e methodology, i t became 

impera t i ve f o r t h e p r a c t i c a l problems assoc ia ted w i t h t he 

methodology t o be con f ron ted and solved i f the research was t o 

progress. 

i f . 1 , 2 . Notw i ths tand ing the ex i s tence o f a s u b s t a n t i a l body o f 

l i t e r a t u r e desc r i b i ng r e p e r t o r y g r i d techniques, a p p l i e d i n a 

v a r i e t y o f s e t t i n g s , (Bann is te r and Mair 1969 e t a l ) the 

research hypothesis demanded a s e n s i t i v e and unique a p p l i c a t i o n 

o f K e l l y ' s o r i g i n a l g r i d technique i n order t o i d e n t i f y the 

pedagogic p r o f i l e s o f e f f e c t i v e and i n e f f e c t i v e phys ics teachers , 

as de f ined and descr ibed by each c lass o f respondent. I n 

ach iev ing t h i s o b j e c t i v e t he author was compelled t o recons ider 

r e p e r t o r y g r i d theory i n order t o ensure t h a t both t he 

a p p l i c a t i o n o f the theory , and the subsequent a r . d l y s i s , 

prov ided outcomes which would prove t o be an -.'pprcpriate means 

o f i n v e s t i g a t i n g the s t a t e d hypotheses. These outcomes are 

descr ibed i n Chapter 7. 

i|-.1.3. Un l i ke r e p g r i d s , which date t h e i r o r i g i n as r e c e n t l y as 1955 

( K e l l y 1955), a t t i t u d e s c a l i n g has been an area o f i n t e n s e 

a c t i v i t y f o r psycho log i s t s f o r much longer . Such progress 

appears t o have been made t h a t the reader might a n t i c i p a t e t he 

s e l e c t i o n o f an a t t i t u d e i n v e n t o r y s u i t a b l e f o r the research 

would prove r e l a t i v e l y s t r a i g h t f o r w a r d . I n i t i a l l y t he author 

shared t h i s view u n t i l a d e t a i l e d a n a l y s i s o f t he l i t e r a t u r e 

proved such optimism i l l founded, f o r , upon closer examinat ion. 
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the l i t e r a t u r e proved t o be f a r from conc lus ive i n i t s 

a p p r a i s a l o f e x i s t i n g i ns t rumen ts , many of which appeared t o 

e x h i b i t some weaknesses. Such a rev iew o f the l i t e r a t u r e 

assoc ia ted w i t h a t t i t u d e measurement prov ided t he evidence 

which rendered i t necessary t o develop a new a t t i t u d e t o 

physics i nven to r y f o r the research. The need f o r t h e 

development o f a new ins t rument i s based on the c r i t i c i s m o f 

o ther ins t ruments i n paragraph 4.2. 

4.2.1. I n v e s t i g a t i o n o f t he research hypotheses demands t h a t two 

se ts o f people be i d e n t i f i e d f rom each category o f respondent, 

c o n s i s t i n g o f persons w i t h negat ive and p o s i t i v e a t t i t u d e s t o 

physics r e s p e c t i v e l y . I t f o l l o w s , t h e r e f o r e , t h a t whatever 

a t t i t u d e i n v e n t o r y was used i t had t o be capable o f 

i d e n t i f y i n g persons w i t h negat ive a t t i t u d e s , as w e l l as persons 

w i t h p o s i t i v e a t t i t u d e s , towards t he d i s c i p l i n e o f phys ics . 

4.2.2. I t might appear t h a t any sca le capable o f i d e n t i f y i n g 

respondents who have a p o s i t i v e (suppose these respondents 

score h igh) must o f necess i t y i d e n t i f y those w i t h a negat ive 

a t t i t u d e , ( i . e . those respondents who score low on the s c a l e ) . 

W h i l s t t h i s may be the case, one cannot be c e r t a i n t h a t i t i s 

so, as the d i s t i n c t i o n i s i n f a c t on ly between respondents w i r n 

a p o s i t i v e a t t i t u d e t o physics and those respondents who do not 

e x h i b i t a p o s i t i v e a t t i t u d e . I t does not f o l l o w t h a t those who 

do not have a p o s i t i v e a t t i t u d e have, o f n e c e s s i t y , a negat ive 

a t t i t u d e . An example i l l u s t r a t i n g t h i s p o i n t i s t h e merchant 

navy cadet who i s compelled t o study phys ics i n order t o pass 
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h i s Second Mates Examination. Most s tudents o f t h i s category 

f a i l t o see the relevance o f such a requirement,(perhaps due t o 

i n a p p r o p r i a t e c u r r i c u l u m content or poor teaching)^and would 

c e r t a i n l y f a i l t o score h i g h l y on a sca le where h igh scores 

i n d i c a t e p o s i t i v e a t t i t u d e s t o phys i cs . For most o f these 

s tuden ts , however, i t would be e q u a l l y u n l i k e l y f o r them t o 

- score h i g h l y on a scale where h igh scores i n d i c a t e negative, 

a t t i t u d e s t o phys ics . They e x h i b i t a n e u t r a l a t t i t u d e 

f r e q u e n t l y summed up by comments l i k e : "Physics i s a 

necessary e v i l , I don't see why I need t o do i t , bu t I 

e q u a l l y don't have anyth ing aga ins t i t . " A scale designed t o 

f u l f i l the requirements o f t h i s research would p o s i t i v e l y 

i d e n t i f y some persons who have a p o s i t i v e a t t i t u d e t o phys ics 

and a t the same t ime p o s i t i v e l y i d e n t i f y some persons who have 

a negat ive a t t i t u d e t o phys ics . 

^.2.3. W i t h i n the c o n s t r a i n t s imposed by the c o n r i d e r a t i o n s 

descr ibed i n the preceding chap te rs , the author was able t o 

review e x i s t i n g measures o f a t t i t u d e , ex tending such an i n r o a d 

i n t o the l i t e r a t u r e beyond a t t i t u d e t o physics alone t o i n c l u d e 

genera l a t t i t u d e i n v e n t o r i e s and a t t i t u d e to .sc ience sca les . 

C l e a r l y the adopt ion of an e x i s t i n g sca le would have resource 

advantages, and so the review o f the r e l e v a n t l i t e r a t u r e v/as 

undertaken w i t h the s p e c i f i c o b j e c t i v e o f i d e n t i f y i n g a.scale 

s u i t a b l e f o r adop t ion . 
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An appendix i s a t tached rev iew ing e x i s t i n g i n v e n t o r i e s . 

^•3. The task c o n f r o n t i n g the author ,hav ing g e n e r a l l y reviewed 

a t t i t u d e s c a l i n g and s p e c i f i c a l l y a t t i t u d e t o phys ics 

i n v e n t o r i e s , was t o s e l e c t or design an ins t rument s u i t a b l e f o r 

a l l th ree ca tego r i es o f s u b j e c t from whom data was t o be 

c o l l e c t e d du r ing the research. The sca le must r e f l e c t the 

s t y l e and e f f e c t i v e n e s s o f Gardners sca le ( i . e . not e x h i b i t any 

o f the th ree k inds o f de fec t discussed i n appendix 1) and 

demonstr ably have high v a l i d i t y and r e l i a b i l i t y . Needless 

t o say i t must enable an i n v e s t i g a t i o n o f the hypotheses 

descr ibed as the bas is o f t h i s research t o be undertaken. 

Such a sca le was devised as descr ibed i n paragraph 

^ f . ^ . l . The development o f the a t t i t u d e i n v e n t o r y r e f l e c t e d the 

s t r a t e g y adopted by Gardner i n developing the F-V.I (Physics 

A t t i t u d e I n v e n t o r y ) , namely the adopt ion o f Thurslone type 

techniques. The development was based on Thurstone techniques 

a f t e r under tak ing a th ree phase a p p r a i s a l o f what was r e q u i r e d . 

F i r s t l y , i n t e r v i e w s were he ld w i t h l e c t u r e r s , s tudents and 

other i n t e r e s t e d persons. These were recorded and l a t e r 

analysed t o i d e n t i f y i m p l i c i t or e x p l i c i t o b j e c t i v e s considered 

t o be impor tan t . Secondly, these o b j e c t i v e s were t r a n s l a t e d 

i n t o c l e a r l y de f ined c o n s t r u c t s . T h i r d l y , a check was 

i n s t i g a t e d t o ensure t h a t the e f f e c t s o f any t rea tment being 

s t u d i e d were r e f l e c t e d i n the manner i n which the ins t rument 

would measure outcomes. I t f o l l o w e d , t h e r e f o r e , t i i a t before 

these s p e c i f i c techniques were considered some fundamental 

dec is ions had t o be made r e l a t i n g t o the f a c t o r s t o be 



i d e n t i f i e d and the element sample inc luded t o measure these 

f a c t o r s . 

The f a c t o r s t o be i n v e s t i g a t e d are both l i m i t e d and 

de f ined by the hypotheses, w h i c h ^ i t w i l l be reca l led .were 

based upon a s u b j e c t i v e a p p r a i s a l o f the genera l r e l a t i o n s h i p 

between students* and teachers ' a t t i t u d e s t o phys ics and 

perceived pedagogic s t y l e . 

S p e c i f i c a l l y f o u r a t t i t u d i n a l f a c t o r s are seen as impor tan t by 

the author having considered h i s p r e l i m i n a r y i n t e r v i e w s : 

(a) Exam o r i e n t a t i o n , (A h igh score on t h i s f a c t o r would 

i d e n t i f y respondents who b e l i e v e t h a t pedagogy should p r i m a r i l y 

aim towards the s tudent group passing examinat ions r a t h e r than 

t h e i r l e a r n i n g physics f o r phys ics ' sake) . 

(b) P r a c t i c a l b i a s . (A h igh score on t h i s f a c t o r would 

i n d i c a t e t h a t t he respondent be l i eved t h a t t he pedagogic 

experience should r e s u l t i n l e a r n i n g based on demands 

a l t e r n a t e d w i t h the p r a c t i c a l use of physics i n the ' r e a l 

wor ld* r a t h e r than a p u r e l y t h e o r e t i c a l b a s i s ) . 

( c ) I n t r i n s i c M o t i v a t i o n . (A h igh score on t h i s f a c t o r 

would i n d i c a t e t h a t the respondent was i n t r i n s i c a l l y mot ivated 

t o succeed a t physics - f o r whatever reason. Such success may 

be achieved by passing an exam so t h a t he need never study 

Physics aga in , o r reaching personal achievement g o a l s ) . 

(d ) Personal p leasure from phys ics . (A h igh score on 

t h i s f a c t o r would i n d i c a t e t h a t the respondent would d e r i v e 

enjoyment from h i s exposure t o the pedagogic exper ience i n 
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phys ics , i r r e s p e c t i v e o f performance c r i t e r i a ) . 

^^.^.3. Having s p e c i f i e d the a t t i t u d i n a l f a c t o r s t o be considered 

the author considered the f e a s i b i l i t y o f combining these 

f a c t o r s t o produce an o v e r a l l a t t i t u d e score. I f t he 

c o r r e l a t i o n between the f a c t o r s proved t o be h i g h , and the 

r e l i a b i l i t y o f each f a c t o r l i k e w i s e proved t o be h igh a l s o , 

then a d i r e c t a d d i t i o n cou ld be made t o p rov ide a f i f t h 

genera l a t t i t u d e t o physics score f o r each respondent. 

This a n a l y s i s has been undertaken and i s discussed i n Chapter 5. 

Such an inst rument would need t o be designed i n order t o 

i d e n t i f y both ' p o s i t i v e l y ' and ' nega t i ve l y ' o r i e n t a t e d 

respondents, as opposed t o ' p o s i t i v e l y ' and 'not p o s i t i v e l y ' 

o r i e n t a t e d respondents. 

A-.A-.̂ i-. The element sample from which the ins t rument was cons t ruc ted 

was ex tens ive . F i r s t l y , a l l o f the e i g h t i n v e n t o r i e s reviewed 

i n d e t a i l were considered. Every i n d i v i d u a l element from each 

inven to ry was w r i t t e n on a ca rd . 

Twelve judges were then i d e n t i f i e d , c o n s i s t i n g o f s i x teachers 

o f undergraduate physics and s i x f i r s t year undergraduate 

s tuden ts . No at tempt was made t o make t h e s e l e c t i o n o f 

judges i n any way r e p r e s e n t a t i v e , the c o n t r a r y was i n f a c t the 

case. S p e c i f i c teachers known t o be i n t e r e s t e d i n the 

research were approached,and students were i n v i t e d t o 

vo lun tee r i n the knowledge t h a t ex tens ive work would be 



r e q u i r e d o f them i n t h e i r c a p a c i t y as judges f o r Thurstone 

type i n v e n t o r y design. Having e s t a b l i s h e d the panel o f 

judges, they were i n v i t e d t o undertake t h e i r f i r s t t a s k . 

At meetings c o n s i s t i n g o f f o u r judges (two from each category) 

the p i l e o f cards were considered i n t u r n , each f o r i t s 

re levance t o undergraduate s tuden ts and a t t i t u d e t o phys i cs . 

I f the f o u r agreed the card was a p p r o p r i a t e l y marked; i f not 

the statement was e i t h e r re-worded (on the same card ) or 

r e j e c t e d as i r r e l e v a n t (and coded a c c o r d i n g l y ) . A t the end o f 

the exerc ise the panels o f f o u r had viewed the o r i g i n a l 

elements together w i t h t he amendments made by the p rev ious 

meetings. A l l . o f t he cards r e c e i v i n g unanimous approva l 

were placed i n a pool of ' p o t e n t i a l l y acceptable elements*; 

s i m i l a r l y , a l l those cards which were not unanimously accepted 

were withdrawn and dest royed. The remainder^(which i t w i l l be 

r e c a l l e d may have been mod i f i ed ) were considered aga in a t a 

s i n g l e meeting ( a t which t en o f t he twelve judges at tended) 

and again modi f ied t o an 'acceptable' form by the m a j o r i t y o f 

those present , and placed on the p i l e o f ' p o t e n t i a l l y acceptable 

elements,' or f i n a l l y r e j e c t e d and destroyed. 

The -author undertook an exe rc i se t o increase the number o f 

' p o t e n t i a l l y acceptable elements' by v i s i t i n g one U n i v e r s i t y 

and one po l y techn i c t o address a group o f f i r s t year under­

graduate students from each i n s t i t u t i o n . The author asked each 

group t o undertake two t a s k s . F i r s t l y , t o l i s t t h e f i v e t h i n g s 

they l i k e d most about Physics and the f i v e t h i n g s they l i k e d 
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l e a s t ; and secondly t o w r i t e a few paragraphs i n a t ime l i m i t 

o f t e n minutes saying why they e i t h e r l i k e d o r d i s l i k e d 

Physics. 

From the completed s c r i p t s the author 's w i f e , (who i s not a 

P h y s i c i s t and t h e r e f o r e u n l i k e l y t o be biased i n i d e n t i f y i n g 

and s e l e c t i n g a t t i t u d e comments) c a r e f u l l y cons t ruc ted a pack of 

cards , each one c a r r y i n g an a t t i t u d i n a l comment which had 

appeared a t l e a s t t h ree t imes from the 12^ s c r i p t s ob ta i ned . 

These cards were inc luded i n the p i l e o f ' p o t e n t i a l l y acceptable 

elements.' This p i l e o f cards cons i s ted of 203 separate 

elements^each p o s s i b l y r e l a t e d w i t h a t t i t u d e t o phys i cs . 

The judges were then r e c a l l e d i n d i v i d u a l l y and i n v i t e d t o post 

each card i n t o one of f i v e boxes. The f i r s t f ou r boxes were 

l a b e l l e d w i t h the a t t i t u d e f a c t o r s l i s t e d i n p<v:agrapl» 4.^.2. 

and the f i n a l box l a b e l l e d ' i n a p p r o p r i a t e . ' The i n s t r u c t i o n s 

g iven t o the judges demanded t h a t they cons ider each card i n 

t u r n a s ^ p o t e n t i a l element i n an i n v e n t o r y intended t o measure 

one of the f o u r a t t i t u d e f a c t o r s noted on the boxes. 

A f t e r each ' s o r t ' a code known on l y t o t he author ( t o prec lude 

the p o s s i b i l i t y o f o ther judges f o l l o w i n g prev ious ' s o r t s ' ) V;G£ 

entered on each card t o i d e n t i f y t he box i n t o which i t was 

p laced. 

At the end o f twelve ' s o r t s ' a l l o f those cards which had been 

posted i n t o the same box t e n or more t imes were se lec ted as the 
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'core' element cards f o r each f a c t o r . Each remaining card was 

considered by the au thor , and a score assigned t o i t according 

t o the cons is tency o f s o r t i n g by the judges. The h ighes t 

sco r i ng elements were added t o those a l ready chosen .Th is 

produced f o u r sets o f elements; f o u r t e e n i n f a c t o r A, (Exam 

O r i e n t a t i o n ) : eleven i n f a c t o r B, ( P r a c t i c a l O r i e n t a t i o n ) ; 

twelve i n f a c t o r C, ( I n t e r n a l M o t i v a t i o n ) ; and e i g h t i n f a c t o r 

D (Pleasure from Phys ics ) . The score c u t - o f f p o i n t was chosen 

i n an a r b i t r a r y manner g iven t h a t the score must be c o n s i s t e n t 

across f a c t o r s and t h a t the minimum number of ' s h o r t l i s t e d ' 

elements f o r each f a c t o r should be i n excess o f the number 

u l t i m a t e l y r equ i red f o r the i ns t rumen t . 

The p rec i se number of elements t o be i nc luded was determined 

according t o a number of c r i t e r i a . C l e a r l y t he i ns t rumen t , 

which was t o form on ly a p a r t , a l b e i t an e s s e n t i a l p a r t , o f the 

a d m i n i s t r a t i o n procedure must be capable o f complet ion i n a 

reasonable t ime , say l ess than t h i r t y minutes. An average t ime 

f o r complet ion was i d e n t i f i e d as twenty minutes i n order t o 

f u l f i l t h i s requirement . Josephs (1973) had shown t h a t g r e a t 

l e n g t h and complex i ty was not a p r e r e q u i s i t e o f v a l i d i t y or 

r e l i a b i l i t y , and s i x o f the e i g h t measures i d e n t i f i e d as 

l e p i e s e n t i n g acceptable design c h a r a c t e r i s t i c s used as few as 

t h ree elements t o measure i n d i v i d u a l f a c t o r s . A s u b j e c t i v e 

d e c i s i o n was made by the author t o i d e n t i f y a t o t a l o f twenty-

f o u r elements us ing Thurstone techn iques, s i x f o r each f a c t o r . 

Each o f the twelve judges was then i n v i t e d t o cons ider each 
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element i n t u r n , decide whether agreement w i t h the element 

c o n s t i t u t e d a p o s i t i v e or nega t i ve a t t i t u d e t o the f a c t o r , and 

t o ass ign a score out o f t en t o i n d i c a t e how w e l l they 

considered the element measured the f a c t o r concerned i n the 

d i r e c t i o n t o which they had assigned i t . 

Reduction from 45 t o 2k elements was made f i r s t l y by r e j e c t i n g 

a l l those elements where the re was not 100% agreement on the 

d i r e c t i o n o f a t t i t u d e by the twe lve judges, and secondly, by 

s e l e c t i n g the s i x element cards w i t h the h ighes t composite 

score. 

4.4.5. Having der ived the content o f the i n v e n t o r y , p i l o t t e s t i n g 

was undertaken. The format chosen f o r the i n v e n t o r y was t o 

code each o f the 24 elements f o r source ( f rom whence the 

element was d e r i v e d ) , and f o r f a c t o r (each o f the f o u r f a c t o r s ) 

and f o r d i r e c t i o n of p o l a r i t y , (whether agreement i n d i c a t e d 

p o s i t i v e or negat ive a t t i t u d e ) . The i n v e n t o r y was p r i n t e d 

w i t h the 24 element sequence randomly ordered.^and f o r each 

f a c t o r se t o f elemencs two subsets o f t h r e e were randomly 

i d e n t i f i e d t o enable s p l i t h a l f r e l i a b i l i t y t e s t i n g t o be 

undertaken. L i k e r t type s c o r i n g was adopted w i t h the 

respondent i n d i c a t i n g 5, 4, 3, 2 o r 1 f o r each element. I n 

every case 5 i n d i c a t e d the s t r o n g e s t agreement. 

Feedback from the p i l o t i n g , conducted w i t h a sample o f twenty 

respondents not r e p r e s e n t a t i v e l y s e l e c t e d , proved acceptab le , 

(paragraph 4.4.6.) and w i t h minor m o d i f i c a t i o n s t o the r u b r i c . 



the f i n a l i n v e n t o r y was p r i n t e d ready f o r use (Appendix 2 

i nc l udes an example). Chapter 6 discusses the a n a l y s i s o f 

data c o l l e c t e d from respondents. 

^A*6, Having designed the ins t rument t o measure a t t i t u d e t o 

p h y s i c s . i t s r e l i a b i l i t y and v a l i d i t y needed t o be cons idered. 

An i n d i c a t i o n o f the r e l i a b i l i t y o f the i n v e n t o r y cou ld be 

obta ined by use of the s p l i t h a l f techn ique. The t e s t 

elements were d i v i d e d i n t o two ca tego r i es by random s e l e c t i o n , 

w i t h the p rov iso t h a t each f a c t o r was e q u a l l y represented i n 

each ' h a l f . ' I t would have been p o s s i b l e t o admin is te r the 

t e s t t o a group o f respondents and o b t a i n a numerical va lue f o r 

the r e l i a b i l i t y . However, such an approach was r e j e c t e d . 

The o b j e c t i o n t o such an approach l a y i n the realm o f sample 

s e l e c t i o n . A quoted r e l i a b i l i t y o f b e t t e r than + 0.87 might 

look impressive,, but unless the sample were chosen w i t h the same 

degree of care , and w i t h i n the same c o n s t r a i n t s as t h e research 

sample, then one could not assume t h a t the same degree o f 

r e l i a b i l i t y would be ev iden t i n the sample used f o r the main 

data c o l l e c t i o n . Thus when data was c o l l e c t e d , a r e l i a b i l i t y 

c o e f f i c i e n t was c a l c u l a t e d us ing the s p l i t h a l f method. I f the 

r e l i a b i l i t y had been l ess t h a n acceptab le , any conc lus ions t h a t 

may have been drawn would have had t o be l i m i t e d i n t h e i r 

usefu lness by the r e l i a b i l i t y o f the t e s t . Wh i l s t t h i s 

technique l e f t the author w i t h a c e r t a i n amount of u n c e r t a i n t y 

i n h i s mind u n t i l the a n a l y s i s s tage, i t d i d ensure t h a t any 

r e l i a b i l i t y q u o t i e n t s t a t e d was r e l e v a n t t o the sample chosen 
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f o r the i n v e s t i g a t i o n . 

V a l i d i t y , however, needed t o be considered i n d e t a i l p r i o r t o 

t e s t a d m i n i s t r a t i o n . The face v a l i d i t y o f t he new i n v e n t o r y 

was h i g h . Not on ly d i d i t l ook as though i t measured what i t 

should, ( t he r e f i n i n g techniques descr ibed inc luded a face 

v a l i d i t y check) but i t w i l l be r e c a l l e d t h a t as the panel o f 

judges were r e q u i r e d t o decide on the aptness ( face v a l i d i t y ) 

o f each element, on ly those elements w i t h h igh agreement 

between judges were used. Thus, face v a l i d i t y was supported 

by the design methodology. 

The content v a l i d i t y l i k e w i s e was ensured by the s e l e c t i o n 

procedure. I f any element rece ived a wide band of responses 

from the judges i t was r e j e c t e d . Thus each element, and 

consequently the complete measure, i s ab le t o adequately 

measure f o u r f a c t o r s assoc ia ted w i t h a t t i t u d e t o phys ics . 

The v a l i d i t y o f combining f a c t o r s must awai t the c o r r e l a t i o n 

c o e f f i c i e n t s between f a c t o r s ; t h i s i s discussed i n Chapter 5. 

I f^when the data was considered-the p r i n c i p a l f a c t o r s 

i d e n t i f i e d were t o c o n s i s t o f the elements grouped toge ther i n 

the des ign, when r e s u l t s were f a c t o r analysed, evidence would 

support the dec is ions which had been taken. I f these 

dec is ions were not supported by a f a c t o r a n a l y s i s then the 

r e l i a b i l i t y would have t o be r e c a l c u l a t e d f rom a d i f f e r e n t 

s p l i t h a l f w i t h t he newly i d e n t i f i e d f a c t o r s e q u a l l y 

represented i n each h a l f . 



The p r e d i c t i v e v a l i d i t y i s d i f f i c u l t t o s t a t e w i t h o u t a t e s t -

r e t e s t format . I n many respec ts . the p r e d i c t i v e v a l i d i t y 

r e l a t e s s t r o n g l y t o r e l i a b i l i t y . However, i f the con ten t 

v a l i d i t y and r e l i a b i l i t y were t o be acceptable then i t i s 

h i g h l y l i k e l y t h a t a s u b j e c t would respond s i m i l a r l y on two 

d i f f e r e n t . o c c a s i o n s , ( I f h i s a t t i t u d e i n the i n t e r i m pe r iod 

has not a l t e r e d ) . I n the con tex t o f t h i s research t he . 

p r e d i c t i v e v a l i d i t y was o f l e s s impor t due t o t he f a c t t h a t an 

exper imenta l s i t u a t i o n was not t o be used, and the measure was 

i n t e n d i n g on ly t o a s c e r t a i n the respondents' a t t i t u d e t o 

physics a t one moment i n t ime , and not t o p r e d i c t how h i s 

a t t i t u d e would a l t e r g iven c e r t a i n s t i m u l i . I n t he p i l o t 

study a very sma l l se t o f f o u r respondents were re -admin is te red 

the i nven to ry two weeks a f t e r the f i r s t sess ion , t he 

c o r r e l a t i o n was + .88). 

Concurrent v a l i l i t y i s o f t e n the o n l y k i n d o f v a l i d i t y 

considered by researchers . I t represents the way any one 

technique c o r r e l a t e s w i t h another p u r p o r t i n g t o measure the 

same t h i n g . The author 's d e t a i l e d c o n s i d e r a t i o n o f the 

d i f f i c u l t i e s o f content v a l i d i t y o f o ther measures o f a t t i t u d e 

t o phys ics , makes him u n w i l l i n g t o cons ider such a d i r e c t 

comparison wor thwh i l e . 

The cons t ruc t v a l i d i t y o f the measure was guaranteed by the 

use of a panel o f judges t o s e l e c t the e lements^wh i l s t a ' b e l t 

and braces' s a f e t y p recau t i on was b u i l t i n by v i r t u e o f the 

f a c t t h a t near l y a l l t he elements had been e l i c i t e d from o ther 
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measures of observable c o n s t r u c t v a l i d i t y , or from t h e sample 

o f sub jec ts drawn from the c o n s t i t u e n t s who would u l t i m a t e l y 

respond t o the i n v e n t o r y . 

4.4.7. The i nven to ry was designed i n such a way t h a t i t cou ld 

e a s i l y be completed by f i r s t year undergraduate s tuden ts . 

The research hypothesis demanded, however, t h a t i t should be 

e q u a l l y s u i t a b l e f o r t h e i r l e c t u r e r s . A s i m i l a r s t r a t e g y t o 

t h a t descr ibed i n the preceding paragraphs was adopted t o 

develop a p a r a l l e l i n v e n t o r y f o r teachers o f undergraduates. 

However, cons iderab le d i f f i c u l t i e s arose,not t he l e a s t o f 

which was the l i m i t e d number o f members of t h a t cons t i t uency 

which could be c a l l e d upon t o a s s i s t w i t h the development. An 

a l t e r n a t i v e approach was t e s t e d which i nvo l ved ask ing teachers 

t o complete the i n v e n t o r y as they t h i n k they would have 

completed i t when a s tudent themselves. Fo l low up i n t e r v i e w s 

w i t h the teachers concerned supported the adopt ion o f t h i s 

technique and l e d the author t o adopt t h i s approach. The 

a t tendant advantage accrued from adopt ing t h i s s t r a t e g y was the 

p o s s i b i l i t y o f d i r e c t l y comparing d i f f e r e n t groups. Chapter 5 

pursues t h i s a p p l i c a t i o n of the i n v e n t o r y i n r e l a t i o n t o t he 

data obta ined. 

74 



FACTORS ASSOCIATED 

WITH ATTITUDES TO 

PHYSICS: AN 

EVALUATION OF THE 

INSTRUMENT DESIGNED, 

AND THE METHOD BY 

WHICH SUB-GROUPS 

MAY BE IDENTIFIED 

FOR THE INVESTIGATION 

OF THE HYPOTHESES. 

75 



5.1- The research samples from th ree c o n s t i t u e n c i e s ; teachers o f 

f i r s t year undergraduate physics s tuden ts , f i r s t year 

undergraduate physics s tudents and teachers ( o f undergraduates) 

who teach d i s c i p l i n e s o ther than phys ics . An i n v e s t i g a t i o n o f 

the hypotheses demanded t h a t each cons t i t uency be a p p r o p r i a t e l y 

sampled, and from each sample subsets o f respondents be 

i d e n t i f i e d , e a c h o f which e x h i b i t e d a common a t t i t u d e t o physics 

(o r a f a c t o r o f a t t i t u d e t o phys ics) i n e i t h e r a p o s i t i v e or a 

negat ive d i r e c t i o n . The importance of the ins t rument designed 

t o measure a t t i t u d e i s c l e a r , f o r i f i t s use prov ided 

u n r e l i a b l e o r i n v a l i d common a t t i t u d e groups, then no mat ter 

how c l e a r l y conclusions cou ld be drawn from the da ta , the 

v a l i d i t y and r e l i a b i l i t y o f the whole research f i n d i n g s would 

be l i m i t e d by these c o n s i d e r a t i o n s when a p p l i e d t o the a t t i t u d e 

i n v e n t o r y . 

The sampling from a un ive rse o f p o t e n t i a l respondents was o f 

equal importance: i t was not adequate t o merely sample 

randomly, f o r random sampling on ly ensures the absence o f b ias 

and does not ensure rep resen ta t i veness . The s^rnpling s t r a t e g y 

i s discussed a t l eng th i n Chapter 7, and so i n t h i s chapter , 

the d iscuss ion i s r e s t r i c t e d t o the a t t i t u d e i n v e n t o r y on the 

assumption t h a t the sampling techniques u t i l i z e d were adequate. 

5-2.1. R e l i a b i l i t y o f the i n v e n t o r y i s f i r s t considered. Appendix 2-

inc l udes a t a b l e o f every respondent's score on each f a c t o r o f 

the i n v e n t o r y , together w i t h a t o t a l score corresponding t o the 

sum o f the f o u r f a c t o r s . (The t h e o r e t i c a l i m p l i c a t i o n s o f 

such an a d d i t i o n are considered i n paragraph 5.3.) . The s i x 
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elements, i d e n t i f i e d by the T h u r ^ s t o n e techniques descr ibed 

i n Chapter 4, r e l a t i n g t o each f a c t o r were randomly s p l i t i n t o 

two groups o f th ree i n order t o permi t a s p l i t h a l f 

r e l i a b i l i t y c o e f f i c i e n t t o be c a l c u l a t e d . I t w i l l be 

r e c a l l e d from Chaptier t h a t a l l twen ty - fou r elements were 

ordered on the response document i n a random form. 

5.2.2- The t e s t - r e t e s t method o f e v a l u a t i n g r e l i a b i l i t y y i e l d s 

i n f o r m a t i o n about the s t a b i l i t y o f rank orders o f i n d i v i d u a l s 

over a p e r i o d o f t ime. A h igh c o r r e l a t i o n i n d i c a t e s t h a t 

respondents have changed l i t t l e i n r e l a t i o n t o the o ther 

members o f the sample and t h a t the t e s t measures t he same 

f u n c t i o n s before and a f t e r the i n t e r v a l . A low c o r r e l a t i o n , 

however, may mean t h a t i n d i v i d u a l s have changed i n d i f f e r e n t 

d i r e c t i o n s j O r i n the same d i r e c t i o n a t d i f f e r e n t r a t e s . 

W h i l s t changes h^ means and standard d e v i a t i o n s may a s s i s t the 

researcher i n dec id ing which k inds o f systemat ic changes might 

be t a k i n g p lace , such a method places cons iderab le demands on 

him t o choose app rop r i a te s t a t i s t i c a l s t r a t e g i e s . Unless 

the re are compel l ing p r a c t i c a l reasons f o r knowing the 

s t a b i l i t y o f scores over a t ime p e r i o d , t h i s technique i s l e s s 

than i d e a l as a measure o f t e s t r e l i a b i l i t y . A f u r t h e r 

o b j e c t i o n t o the use of t e s t - r c t c s t procedures i n t h i s 

research was the l i k e l i h o o d o f " a t t i t u d e change o c c u r r i n g 

d i r e c t l y as a r e s u l t of involvement i n the p r o j e c t , as a l l 

respondents were requ i red t o complete a r e p e r t o r y g r i d , 

thereby exposing them t o the l i k e l i h o o d o f exper ienc ing a 

r a i s i n g o f perceptua l awareness and perhaps a consequent ia l 
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change i n a t t i t u d e . Having r e j e c t e d the use o f a t e s t - r e t e s t 

f o r these reasons, c o n s i d e r a t i o n was given t o the value o f 

using the s p l i t - h a l f method, p r o v i s i o n f o r which had been 

inc luded i n the i nven to r y des ign. 

5.2.3. The r e l i a b i l i t y o f any ins t rument can be de f i ned as the 

p r o p o r t i o n o f the var iance e x h i b i t e d by a se t o f measurements 

( i n t h i s case obta ined by using the ins t rument w i t h a g iven 

se t o f respondents) w i t h the t r u e va r i ance . Such a 

r e l i a b i l i t y has r e s t r i c t e d a p p l i c a b i l i t y i n t h a t a h igh va lue 

f o r r e l i a b i l i t y f o r one c lass o f respondent does not imply 

t h a t the t e s t w i l l remain e q u a l l y r e l i a b l e when used w i t h a 

d i f f e r e n t c l ass of respondent. E r r o r t heo ry , which i s w e l l 

documented i n a v a r i e t y o f standard s t a t i s t i c a l handbooks, 

(Hays 1973: Thorndike & Hagen 1969) when a p p l i e d t o 

r e l i a b i l i t y as c^efined, leads t o the conc lus ion t h a t a 

c o r r e l a t i o n c o e f f i c i e n t prov ides a most s a t i s f a c t o r y means o f 

measuring r e l i a b i l i t y . As the data are independent, then the 

adopt ion o f Pearson r as a means o f computing the c o e f f i c i e n t 

i s acceptable. Wh i l s t i t i s i n t e r e s t i n g t o c a l c u l a t e a 

r e l i a b i l i t y c o e f f i c i e n t f o r t h i s t e s t as app l i ed t o a l l the 

respondents se lec ted f o r t h i s research, the c o e f f i c i e n t so 

obta ined i s o f l i m i t e d va j i i ov The l i m i t o f a p p l i c a b i l i t y i s 

determined by the d i f f e r e n t c lasses o f respondent u t i l i z e d i n 

the study; the i nven to r y must prove r e l i a b l e f o r each cjrou^? 

(Teachers o f Phys ics , s tudents and o ther t e a c h e r s ) , g iven t h a t 

a l l t h ree w i l l e x h i b i t d i f f e r e n t c h a r a c t e r i s t i c s . 

The r e s u l t s o f the computat ion are t a b u l a t e d i n Table 5/1. 
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TABLE 5/1 

.p, TT ^ TARTI TTY - FACTORS OF ATTITUDE TO 

PHYSICS INVENTORY 

LEVEL OF 
SIGNIFICANCE 

SPLIT-HALF 
RELIABILITY 
COEFFICIENT 

CLASS OF 
RESPONDENT 

ALL 
RESPONDENTS 
COMBINED 

TEACHERS OF 
UNDERGRADUATE 
PHYSICS 

FIRST YEAR 
UNDERGRADUATE 
PHYSICS 
STUDENTS 

UNDERGRADUATE 
TEACHERS 
OTHER THAN 
OF PHYSICS 

+ .509 
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L ine 1 i s inc luded f o r i n t e r e s t ^ b u t i t must be noted t h a t even 

such a h igh l e v e l o f s i g n i f i c a n c e ( b e t t e r than .001 l e v e l ) i s 

meaningless except where a l l respondents a re pooled: as such 

poo l ing i s not used by the au thor , t h i s va lue cannot be c i t e d 

i n support o f ins t rument r e l i a b i l i t y . The f i n a l t h r e e l i n e s 

a re , however, o f g r e a t va lue . The i n v e n t o r y proves 

acceptable f o r use w i t h a l l t h r e e c lasses o f respondent a t a 

l e v e l o f s i g n i f i c a n c e b e t t e r than 0.05. The i m p l i c a t i o n o f 

these s i g n i f i c a n c e l e v e l s i s best observed i n terms o f 

p r o b a b i l i t y o f e r r o r i n producing specimen groups, i . e - t h e r e 

i s l e s s than 0.1% chance o f a s tudent o f physics being 

c l a s s i f i e d i n t o the 'wrong' a t t i t u d e group, l ess than 1% f o r 

teachers o f physics and l e s s than 5% f o r o t h e r teachers . 

The research has s p e c i f i e d the .05 l e v e l o f s i g n i f i c a n c e (5%) 

i n the g r i d aspects (see Chapter 6) and so an a p p l i c a t i o n o f 

the same c r i t e r i a renders the a t t i t u d e i n v e n t o r y acceptable 

f o r a l l c lasses o f respondent used i n t he research. 

(Note: The Spearman - Brown prophecy formula may be a p p l i e d 

w i t h a r e s u l t a n t Increase i n apparent r e l i a b i l i t y . The 

f i g u r e s quoted, t h e r e f o r e , may be considered conserva t i ve i n 

n a t u r e ) . 

5.3- I n c a l c u l a t i n g the values d i sp layed i n Table 5/1, the score on 

each h a l f o f the t o t a l i n v e n t o r y was used. Such computat ion 

i s acceptable.because no assumption i s being made about t he 

homogeneity o f the i n v e n t o r y . The arguments of Chapter ̂• 

demand t h a t g rea t care i s exerc ised i n de te rmin ing whether the 

f o u r f a c t o r s o f the i n v e n t o r y do measure some super -o rd ina te 
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c o n s t r u c t (which may be c a l l e d ' a t t i t u d e t o phys i cs ' ) bu t , as 

y e t , no evidence has been presented t o the reader a l l o w i n g him 

t o determine whether o r not t h i s i s so. I n t h e absence o f 

such evidence, the t e s t would appear t o be homogenous, but i f 

one or more o f the f a c t o r s i s q u i t e independent o f the o t h e r s , 
P 

the i nven to r y would be hete^geneous i n na tu re . Such 

evidence can, however, be e x t r a c t e d from the data . A 

c o r r e l a t i o n c o e f f i c i e n t (Pearson r has been used) may be 

c a l c u l a t e d f o r each f a c t o r compared w i t h every o the r f a c t o r 

f o r each o f the t h ree c lasses o f respondent. Such 

computations having been made, no s i g n i f i c a n t d i f f e r e n c e s 

were detected between the matr ices f o r each c lass o f respondent^ 

so one c o r r e l a t i o n m a t r i x w i l l s u f f i c e t o i n d i c a t e a l l of the 

r e l a t i o n s h i p s . Table 5/2 i n d i c a t e s the values obta ined when 

the scores f o r a l l 69 respondents were used i n making the 

c a l c u l a t i o n . 

TABLE 5/2 ABOUT HERE 

li ie n u l l hypothesis concerning homogeneity may be expressed 

as: 

"There i s no s i g n i f i c a n t s i m i l a r i t y i n the f a c t o r s 

measured by sub-sect ions A, B, C and D from t h e a t t i t u d e 

t o physics i n v e n t o r y . " 
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TABLE 5/2 

CORRELATION MATRIX SHOWING THE RELATIONSHIP BETWEEN 

FACTORS OF THE ATTITUDE TO PHYSICS INVENTORY 

Preference 
f o r 
examination 
o r i e n t a t i o n 

P r a c t i c a l 
b ias t o 
Physics 
course 
teaching 

I n t r i n s i c 
M o t i v a t i o n 

Pleasure 
from 
Physics 

A B C D 

A + 1 - .178 + .112 + .231 

B + 1 

* 1 

+ .338 - .008 

C + 1 

* 2 

+ .503 

• -

D + 1 

* 1 S i g n i f i c a n t a t 0.01 l e v e l 

*2 S i g n i f i c a n t a t 0.001 l e v e l 
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A f t e r F isher (1965), c r i t i c a l values o f r which have t o be 

exceeded i n order t o r e j e c t the n u l l hypotheses may be seen 

t o have the f o l l o w i n g values f o r the th ree s p e c i f i e d l e v e l s 

o f s i g n i f i c a n c e : 

S i g n i f i c a n t a t 0.001 l e v e l r must exceed 0.380 

S i g n i f i c a n t a t 0.01 l e v e l r must exceed 0.310 

S i g n i f i c a n t a t 0.05 l e v e l r must exceed 0.235 

• 

Only two c e l l s from Table 5/2 exceed these va lues , namely C 

and D a t 0.001 l e v e l , and B and C a t 0.001 l e v e l . One must 

conclude, t h e r e f o r e , t h a t the a t t i t u d e t o physics i n v e n t o r y 
/e 

i s an heteroger/ous sca le c o n s i s t i n g o f f o u r f a c t o r s which 

cannot, w i t h two exceptions., be considered as measuring the 

same concept. The except ions i n d i c a t e t h a t , f o r a l l 

respondents considered t o g e t h e r , the c o n s t r u c t s i d e n t i f i e d as 

'pleasure from physics* and ' i n t r i n s i c m o t i v a t i o n ' are 

l i k e l y t o be construed as measuring some common, undef ined, 

super -ord inate c o n s t r u c t as are ' i n t r i n s i c m o t i v a t i o n ' and 

' p r a c t i c a l b ias i n physics course. ' 

Care must, however, be exe rc i sed as a s p e c i f i c a t i o n o f a 

second hypotheses, namely; 

"There i s a s i g n i f i c a n t d i f f e r e n c e between the f a c t o r s 

measured by sub-sect ions A, B, C and D from the a t t i t u d e 

t o physics i n v e n t o r y , " 
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f a i l s t o be supported i n any c e l l o f the m a t r i x , 

i n d i c a t i n g t h a t , w h i l s t the f a c t o r s must measure independent 

c o n s t r u c t s , these c o n s t r u c t s a re assoc ia ted w i t h one another 

by some q u a l i t y which, whatever one choses t o c a l l i t , i s 

c e r t a i n l y not q u a n t i f i e d by the d i r e c t a d d i t i o n o f the 

scores obta ined on each o f the f o u r f a c t o r s . (The name 

one might assign t o e i t h e r the super -o rd ina te c o n s t r u c t s o r 

the l i n k i n g q u a l i t y w i l l have i m p l i c a t i o n s f o r t he v a l i d i t y 

o f the sca le , but remains i r r e l e v a n t t o a d i scuss ion on 

r e l i a b i l i t y ) . 

5.^.1. The v a l i d i t y o f the i n v e n t o r y cannot be considered i n 

i s o l a t i o n ^ a s much of the evidence prov ided i n paragraph 5.3. 

i s r e l e v a n t t o such a c o n s i d e r a t i o n . 

The v a l i d i t y o f the a t t i t u d e i n v e n t o r y can be i n v e s t i g a t e d 

by searching f o r the answer t o one q u e s t i o n , namely: 

I s the i nven to r y a v a l i d means by which the research 

respondents may be ca tego r i zed f o r f u r t h e r 

i n v e s t i g a t i o n ? 

As the answer t o t h i s ques t ion i s c r u c i a l t o f u r t h e r 

i n v e s t i g a t i o n o f the hypo thes is , evidence i s presented i n t h e 

f o l l o w i n g paragraphs which w i l l l ead t o a j u s t i f i c a t i o n o f 

the use o f the i n v e n t o r y f o r the i d e n t i f i c a t i o n o f appropr iate-

sets o f respondents. 



5.^.2. No t e s t o r i n v e n t o r y may be more v a l i d than i t i s r e l i a b l e , 

nor may be v a l i d i t y be expressed o the r than f o r a s p e c i f i e d 

a p p l i c a t i o n o f the t e s t or i n v e n t o r y . These two l i m i t a t i o n s 

must be imposed upon t h i s c o n s i d e r a t i o n o f v a l i d i t y . F i r s t l y , 

the f o l l o w i n g comments apply on ly t o the i n v e n t o r y when used 

w i t h the sample of respondents se lec ted f o r t h i s research and, 

secondly, the v a l i d i t y cannot q u a n t i t a t i v e l y exceed the 

r e l i a b i l i t y q u o t i e n t s expressed i n Table 5/2. 

The weakest type of v a l i d i t y i s face v a l i d i t y ^ w h i c h i s a 

s u b j e c t i v e q u a l i t a t i v e assessment o f whether or no t the 

i nven to ry measures what i t pu rpo r t s t o measure. Most 

respondents i n t h i s research were asked two quest ions i n 

order t o i n v e s t i g a t e face v a l i d i t y : 

( i ) Do you t h i n k the a t t i t u d e i n v e n t o r y you have j u s t 

complet.'̂ d can measure your a t t i t u d e t o physics? 

( i i ) Do you cons ider t h a t your a t t i t u d e to one or more o f : 

a) Examination o r i e n t a t i o n i n phys.ics teach ing 

b) P r a c t i c a l b ias i n physics teach ing 

c) I n t r i n s i c m o t i v a t i o n i n phys ics teach ing 

d) Pleasure from physics teach ing 

could be a t a l l r e l e v a n t to how favou rab l y disposed you 

might be t o s tudy ing physics? 

Of the 37 respondents asked these ques t ions , 32 answered *yes' 

t o ( i i ) , and 26 answered 'yes' t o ( i ) . One may conclude, 

t h e r e f o r e , t h a t between 70% and 86% of a l l respondents 

considered the a t t i t u d e i n v e n t o r y t o e x h i b i t face v a l i d i t y -
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The quest ions were d e l i b e r a t e l y genera l i n na tu re , as v a l i d i t y 

i s not an e i t h e r / o r c r i t e r i o n , but a c h a r a c t e r i s t i c possessed 

by an inven to ry t o a l esse r or g rea te r e x t e n t . 

5.^.3.The next c o n s i d e r a t i o n was con ten t v a l i d i t y . I n common w i t h 

face v a l i d i t y , being d a t a - f r e e , i t may be conceptua l i zed by 

cons ide r i ng i t an es t imate o f the rep resen ta t i veness o f the 

content of the i n v e n t o r y as a sample o f the un i ve rse o f 

poss ib le con ten t . C l e a r l y such a d e f i n i t i o n demands t h a t 

the author j u s t i f i e s the f a c t o r s which have been i n c l u d e d , as 

- w e l l as those which have been om i t t ed , and t h i s i n t u r n r e l i e s 

on a d e t a i l e d a n a l y s i s o f the l i t e r a t u r e r e s u l t i n g i n a c l e a r l y 

s p e c i f i e d r a t i o n a l e f o r the con ten t . Such c o n s i d e r a t i o n has 

been descr ibed i n Chapter ^and so i t remains o n l y t o ensure 

t h a t the content v a l i d i t y remains s a t i s f a c t o r y f o r each f a c t o r . 

The adopt ion c f the Thurstone type techniques descr ibed i n 

Chapter 5 prov ides the best guarantee o f con ten t v a l i d i t y , as 

the team of judges have t o make i n d i v i d u a l and corpora te 

dec is ions which must be both c o n s i s t e n t and under-pinned by 

theory i n order t o prov ide elements f o r i n c l u s i o n i n the 

i n v e n t o r y . The author contends, t h e r e f o r e , t h a t t he 

t h e o r e t i c a l r a t i o n a l e o f Chapter 3, f o l l o w e d by t he c a r e f u l 

a p p l i c a t i o n o f Thurstone techniques as descr ibed i n Chapter ^, 

provides s u f f i c i e n t evidence t o ensure the con ten t v a l i d i t y o f 

the i n v e n t o r y . 
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5.̂ .̂ . Construct v a l i d i t y i s more d i f f i c u l t . F requen t l y 

researchers q u a n t i f y c o n s t r u c t v a l i d i t y (which i s no t data-

f r e e ) by comparing respondents' performance on the t e s t 

i nven to ry w i t h t h e i r performance on another ins t rument known 

t o measure the same q u a l i t y ^ (Of ten c a l l e d concur ren t 

v a l i d i t y ) . P rev ious l y c i t e d arguments precluded t h i s 

s t r a t e g y . F i r s t l y , had t he re been another ins t rument o f 

acceptable v a l i d i t y the author would have used i t i n 

preference t o developing a new i n v e n t o r y . Secondly, evidence 

has been provided t o ques t ion the v a l i d i t y o f some inst ruments 

f o rmer l y accepted as v a l i d by e a r l i e r researchers (Chapter ^ t ) . 

A l t e r n a t i v e approaches are p o s s i b l e . The whole i n v e n t o r y 

may be f a c t o r analysed^and the element groupings thus obtained 

compared w i t h the p r e d i c t e d element groupings. The 

p r o p o r t i o n s o f v j r i a n c e o f each element grouping can then be 

used t o i d e n t i f y a rank o r d e r i n g of f a c t o r s . I d e a l l y , such 

an approach leads i t s e l f t o an homogeneous i n v e n t o r y or t ask , 

which, on the r e l i a b i l i t y evidence i n paragraph 5.3., t h i s 

i nven to ry c l e a r l y i s n o t l 

The author had in tended t o u t i l i z e the f a c t o r i a l v a l i d i t y 

technique u n t i l the cmergir.g r.ctcrogeneous nature o f the 

i nven to ry appeared t o render such an approach i n a p p r o p r i a t e . 

P r i o r commit'̂ ment t o a technique found t o be i n a p p r o p r i a t e 

placed the researcher i n a l e s s than i d e a l p o s i t i o n , as data 

r e l e v a n t t o the computat ion of c o n s t r u c t v a l i d i t y was not 

a v a i l a b l e f o r most respondents. F o r t u n a t e l y , however, a" 
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f i n a l group of 11 respondents remained and each was asked t o 

place a mark on each of f o u r scales (corresponding t o p o s i t i v e 

and negat ive a t t i t u d e s ) f o r each of the f o u r f a c t o r s inc luded 

i n the i n v e n t o r y . Of the eleven respondents, on l y f o u r were 

e v e n t u a l l y l oca ted i n p o s i t i v e o r negat ive sub-groups, but f o r 

every one of these f o u r , on every f a c t o r f o r which they were 

i d e n t i f i e d as e x h i b i t i n g a s i g n i f i c a n t l y s t r ong a t t i t u d e , 

p e r f e c t agreement was ob ta ined between t h e i r a c t u a l responses 

on the i nven to ry and t h e i r o v e r a l l o p i n i o n expressed on the 

f a c t o r sca les . (A subsequent post-data c o l l e c t i o n study has 

r e p l i c a t e d these f i n d i n g s w i t h an agreement i n over 90% of 

cases. I n t e r e s t i n g though t h i s may be, i t cannot be c i t e d as 

evidence f o r c o n s t r u c t v a l i d i t y i n the research, as the sample 

was d i f f e r e n t , a l though i n t u i t i v e l y one i s ab le t o accept 

f i n d i n g s based on a sample o f f o u r w i t h a l i t t l e more 

conf idence i n the knowledge t h a t a subsequent study has 

r e p l i c a t e d these r e s u l t s ) . 

A f i n a l c o n s i d e r a t i o n o f c o n s t r u c t v a l i d i t y as r e l e v a n t t o 

t h i s research r e l c t e s t o the manner i n which the i n v e n t o r y i s 

used. I f an ins t rument p u r p o r t s t o make f i n e d i s c r i m i n a t i o n s 

between respondents ( i . e . d i s t i n g u i s h i n g between students* 

I:Q»s. so t h a t s tudents may be assigned t o e i g h t I.Q. groups^ 

each 10 p o i n t s long i n the range 60 t o 1^0), t hen , o f 

necess i t y , the c o n s t r u c t v a l i d i t y must be very h i g h . However, 

h igh cons t ruc t v a l i d i t y i s l ess c r u c i a l when crude 

d i s c r i m i n a t i o n s are t o be made, ( i . e . To i d e n t i f y those 

s tudents , i n the prev ious example, who have s i g n i f i c a n t l y h igh 

or low I .Q.) . I n t h i s study the author has designed an 
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i n ven to r y which appears, (on the bas is o f the very l i m i t e d 

evidence from f o u r respondents) t o e x h i b i t h igh c o n s t r u c t 

v a l i d i t y , thus render ing i t s u i t a b l e f o r making f i n e 

d i s c r i m i n a t i o n s . Yet, as paragraph 5.5. desc r i bes , the 

inst rument i s i n f a c t used on l y t o make crude d i s t i n c t i o n s 

i d e n t i f y i n g those respondents who e x h i b i t s i g n i f i c a n t l y 

p o s i t i v e or negat ive a t t i t u d e s on each f a c t o r . 

5.'̂ .5. The p r e d i c t i v e v a l i d i t y o f the ins t rument w i l l have t o awai t 

r e p l i c a t i o n o f the research , a l though some evidence i s 

becoming a v a i l a b l e from an a p p l i c a t i o n o f the methodology o f 

t h i s research (see Chapter 11) t o suggest t h a t the i n v e n t o r y 

can be used t o i d e n t i f y c e r t a i n groups, behaviour p a t t e r n s f o r 

which may be p r e d i c t e d i n the area o f p r e f e r r e d pedogogic 

p r a c t i c e s . 

5.5. Having es tab l i shed t h a t the i n v e n t o r y designed t o measure 

c e r t a i n f a c t o r s ov a t t i t u d e t o phys ics i s both r e l i a b l e and 

v a l i d , the way i n which the i n v e n t o r y i s t o be used must be 

considered. Chapter 7 con ta ins a d e s c r i p t i o n o f how the 

respondents were s e l e c t e d ; t h i s s e c t i o n descr ibes how the 

performance by these respondents on the a t t i t u d e i n v e n t o r y 

was considered, and how sub-groups o f the respondents 

e x h i b i t i n g common a t t i t u d e s were i d e n t i f i e d . 
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5.5.1. P r i o r t o the a p p l i c a t i o n o f s t a t i s t i c a l techniques t o the 

data i n order t o c a t e g o r i z e respondents, c e r t a i n checks have 

t o be made t o ensure t h a t the s t a t i s t i c a l techniques chosen 

are app rop r i a t e . I n order t o s i m p l i f y subsequent opera t ions 

the data were considered t o be normal ly d i s t r i b u t e d . C l e a r l y , 

such an assumption needs t o be j u s t i f i e d . The au thor used t he 

Pearson goodness -o f - f i t t e s t f o r each f a c t o r and f o r each 

c lass o f respondent as a means of de termin ing whether the 

group i n quest ion were d i s t r i b u t e d normal ly . The n u l l 

hypothesis may be s t a t e d : 

There i s no d i f f e r e n c e between the sample score 

d i s t r i b u t i o n under t e s t and a normal d i s t r i b u t i o n a t 

the 5% l e v e l of s i g n i f i c a n c e . 

I n order t o r e j e c t the n u l l hypo thes is , the computed value o f 

^ must exceed the t a b u l a t e d value, o f 'X' ̂  f o r a s p e c i f i e d 

l e v e l o f s i g n i f i c a n c e (0.05) and an approp r ia te degree of 

freedom. 

Although the d i s t r i b u t i o n o f scores i s cont inuous, i t i s 

necessary t o t h i n k o f the p o p u l a t i o n as grouped i n t o a f i n i t e 

number o f d i s t i n c t c l a s s i i i t o r v c i s when app l y i ng Pearson % ^ 

t e s t . Furthermore, i t i s necessary f o r the expected number o f 

respondents i n each i n t e r v a l t o be r e l a t i v e l y l a r g e , c e r t a i n l y 

g rea te r than, or equal t o , f i v e . I t should be noted t h a t an 

arrangement which s p e c i f i e s i n t e r v a l l e n g t h i n order t o secure 

one common expected frequency o f respondents r e f e r s t o the 
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popu la t i on d i s t r i b u t i o n , (no t the sample p o p u l a t i o n ) which i s 

assumed to be normal under the n u l l hypothes is , and t h a t t he 

choice o f c lass i n t e r v a l s was made before the data are seen. 

The arrangement descr ibed i s , however, q u i t e . a r b i t r a r y and any 

number o f c lass i n t e r v a l s may be chosen. Whatever number be 

chosen the i n t e r v a l s w i l l be o f unequal s i z e i n o rder t o g i ve 

equal p r o b a b i l i t y o f expected f requenc ies per i n t e r v a l . I t 

would be p e r f e c t l y acceptable t o s e l e c t some a r b i t r a r y c l a s s -

i n t e r v a l s i ze i n z score terms, and a l l ow the p r o b a b i l i t i e s t o 

be unequal. The method used e x h i b i t s two advantages: i t 

makes d e r i v a t i o n s from n o r m a l i t y e i t h e r i n the midd le or end 

of the range t o be more e a s i l y detected as w e l l as s i m p l i f y i n g 

the computations. 

2 (0 - E)^ 
The formula used i s : 'J/ = - — p 

w i t h ( J - 1 - x) degrees o f freedom 

where: 

0 i s observed frequency i n i n t e r v a l j 

E i s expected frequency i n i n t e r v a l j 

3 i s number o f i n t e r v a l s chosen 

X i s the number o f parameters es t imated . 

( I n t h i s case M the mean, and ̂ t h e 

standard d e v i a t i o n o f the sample, a re 

used as es t imates o f M & ^ f o r the 

p o p u l a t i o n , and so x w i l l always be two 

i n t h i s a n a l y s i s ) . 
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The f i r s t stage i s t o compute means and standard d e v i a t i o n s 

f o r each group o f respondents on each f a c t o r . Table 5/3 

con ta ins the r e s u l t s o f such c a l c u l a t i o n s . 

TABLE 5/3 

The means and standard d e v i a t i o n s o f groups o f respondents 

on each f a c t o r of the a t t i t u d e t o Physics i n v e n t o r y 

FACTOR 

A 

FACTOR 

B 

FACTOR 

C 

FACTOR 

D 

TEACHERS 
OF 
PHYSICS 

21.90 20.95 20.53 18.53 TEACHERS 
OF 
PHYSICS 1 ̂  2.85 ^̂ .38 3.70 •2.74 

STUDENTS 
OF 
PHYSICS 

20.03 21.55 21.46 18.91 STUDENTS 
OF 
PHYSICS 1 e 3.59 ^.02 ^̂ .62 4.74 

TEACHERS 
NOT OF 
PHYSICS 

1 M 19.82 21.12 17.88 17,29 TEACHERS 
NOT OF 
PHYSICS ! S 3.73 ^.09 'f.33 4.70 

W i t h i n the l i m i t s imposed by the c r i t e r i a o f group s i z e and 

number values o f ' J i ^ ̂  may be c a l c u l a t e d . Table 5/4 i n d i c a t e s 

the c r i t i c a l values of ' j i ? and whether or not the n u l l 

hypothesis i s r e j e c t e d . 
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TABLE 51k 

C e l l s marked w i t h an a s t e r i s k represen t group responses 

which may be considered t o be d i s t r i b u t e d norma l l y , i . e 

the n u l l hypothesis i s r e j e c t e d . 

FACTOR 

A 

FACTOR 

B 

FACTOR FACTOR 

D 

PHYSICS 
TEACHERS 

c r i t i c a l 
2 

PHYSICS 
STUDENTS 

c r i t i c a l 
2 OTHER 

TEACHERS 

The n u l l hypotheses f a i l s t o be r e j e c t e d i n any c e l l when 

working a t the .05 l e v e l o f s i g n i f i c a n c e . Thus a l l the 

sample d i s t r i b u t i o n s may be considered normal. 
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One example c a l c u l a t i o n f o l l o w s t o i l l u s t r a t e the method 

adopted. 

Students re sponses t o f a c t o r C. 

Respondent No. Score on C. Respondent No. Score on C. 

2018 21 4058 30 

2020 18 4059 20 

-3021 12 4060 25 

3022 20 5061 23 

3023 18 5062 18 

3035 25 5063 16 

3036 20 5064 18 

ifO f̂if 23 5065 26 

25 5066 26 

1^050 25 5067 11 

4051 21 5068 19 

if052 24 5069 21 

W53 22 5070 15 

4054 28 5071 22 

4055 27 5072 16 

4056 21 5073 30 

4057 22 

MEAN = 21.46 

<r = 4.62 

N = 33 

No. o f groups 3 = 6 ( i . e . average N. = 5) 

Degrees of freedom = 3 

Value of ̂  t o be exceeded i n order t o . r e j e c t n u l l 
hypothesis i s = 7.8 (0.05 l e v e l o f s i g . ) 
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Having decided (an a r b i t r a r y d e c i s i o n ) t h a t t h e r e w i l l be 

s i x i n t e r v a l s , they may be diagrammed. (See f i g . 5/5). 

FIGURE 5/5 

Z scores and t h e i r conversions 

Cum. Z 

26.08 16.8ii-

MEAN 

2 1 , ^ 
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I n t e r v a l s and f requenc ies t a b l e 

I n t e r v a l Expected 
frequency 

E 

Observed 
frequency 

0 

(0 - E ) ^ (0 - E)^ 
E 

0.00 - 16.8if0 5.5 5 .25 .05 

16,Qkl - 19.«0 5.5 5 .25 .05 

19.«1 - 21.^60 5.5 7 2.25 .^1 

21.1^61 - 23.':f90 5.5 5 .25 .05 

23-^91 - 26.080 5.5 6 .25 .05 

26.081 - oo 5.5 5 .25 .05 

N = 33 N = 33 Co.66 

d.f 

0.66 

3 

I n common w i t h a l l o ther s i m i l a r c a l c u l a t i o n s , the va lue o f 

f a l l s sho r t o f the c r i t i c a l value and so the d i s t r i b u t i o n 

may be considered normal. 

5.5.2. Due t o the nature o f the r e p e r t o r y g r i d usage planned 

(Chapters 3 and 5 r e f e r ) on l y smal l groups o f respondents are 

requ i red who e x h i b i t common, and s t rong a t t i t u d e s t o each 

f a c t o r . Four t o s i x respondents i n each c l a s s was considered 

t o be an i d e a l group s i z e . However, the same c r i t e r i a must 

be a p p l i e d t o every c l ass o f respondent, and t o pe rm i t cross 

group comparisons. Whichever c r i t e r i a f o r s e l e c t i o n were 

adopted, the numbers of respondents f a l l i n g i n t o each sub-
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group would be expected t o va ry , p a r t i c u l a r l y as N f o r each 

c l a s s i f i c a t i o n o f respondent was d i f f e r e n t . Such v a r i a t i o n 

may be minimised by basing the cu t o f f p o i n t s i n t he normal 

curve having f i r s t shown each group may be considered t o be 

normal. An a r b i t r a r y d e c i s i o n t o t r y 20% from each end o f 

the d i s t r i b u t i o n proved most acceptab le . I n f a c t the 21.19 

and 57.62 p e r c e n t i l e s were chosen ( a f t e r F isher 1972). 

F igure 5/6 i n d i c a t e s the p e r c e n t i l e p o i n t s w i t h corresponding 

scores f o r each group on each f a c t o r together w i t h the 

number (N) o f cases i d e n t i f i e d as f a l l i n g i n t o the group thus 

formed. 

FIGURE 5/6 ABOUT HERE 

Appendix inc ludes a t a b l e i t e m i z i n g the a c t u a l respondents 

contained i n each a t t i t u d e grouping. 

5.5.3- By adopt ing the techn ique desc r ibed , the a t t i t u d e i n v e n t o r y 

proved s u i t a b l e as a means o f i d e n t i f y i n g a t o t a l o f twenty-

f o u r groups o f respondents, each group e x h i b i t i n g a s t rong 

( the s t ronges t 2095 o f a l l respondents o f the same c l a s s ) 

p o s i t i v e or negat ive a t t i t u d e t o a f a c t o r a t t i t u d e t o phys ics . 

These groups became the comparison groups used, toge ther w i t h 

the r e p e r t o r y g r i d descr ibed i n Chapter 6, t o i n v e s t i g a t e the 

hypotheses p r e v i o u s l y s p e c i f i e d . 
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FIGURE 5/6 

The p e r c e n t i l e cu t o f f p o i n t s and corresponding scores f o r 

each group of respondents on each a t t i t u d e t o phys ics f a c t o r 

G 
R 
0 
U 
P 

F 
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C 
T 
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I 
21.19 p e r c e n t i l e 

1 
57L62 p e r c e n t i l e G 
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0 
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F 
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C 
T 
0 
R 

Z l . m . o f most' y 
negat ive * y/^ 
a t t i t u d e >r 
r e s p o n d e n t s ^ ] 

- * ^ s ^ 21.19% of most 
j p o s i t i v e 

\ 1 a t t i t u d e 
respondents 

v>Zl . 

G 
R 
0 
U 
P 

F 
A 
C 
T 
0 
R 

G 
R 
0 
U 
P 

F 
A 
C 
T 
0 
R 

Negative a t t i t u d e 
Range o f scores 

N_ P o s i t i v e a t t i t u d e 
Range o f scores 

N + 

PHYSICS 

TEACHERS 

A < 19.62 3 > 2£̂ .18 

PHYSICS 

TEACHERS 

B < 17-^5 5 > PHYSICS 

TEACHERS C < 17.57 ^ > 23.^9 5 

PHYSICS 

TEACHERS 

D < 16.3^ 5 > 20.72 

PHYSICS 

STUDENTS 

A < 17.16 9 > 22.90 1 

PHYSICS 

STUDENTS 

B < 18.33 7 > Zh.il 9 PHYSICS 

STUDENTS C <17.76 5 25.16 6 

PHYSICS 

STUDENTS 

D < 15.12 6 > 22.70 9 

OTHER 
• 

TEACHERS 

A < 16.8£fr 2 > 22.80 3 

OTHER 
• 

TEACHERS 

B < 17.85 3 > 24,39 5 OTHER 
• 

TEACHERS C > 21.3iK 3 

OTHER 
• 

TEACHERS 

D <13.53 4 > 21.05 3 
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6.1- This chapter considers g r i d methodology from a user*s 

pe rspec t i ve . Chapter f ou r d e l i n e a t e d the r a t i o n a l e f o r 

adopt ing a g r i d based methodology; i n t h i s chapter t h a t 

foundat ion i s b u i l t upon to i l l u s t r a t e how the author has used 

the g r i d as a means o f ga the r i ng data r e l e v a n t t o the 

hypotheses-

Given the general d e s c r i p t i o n o f the k ind o f data which may be 

e l i c i t e d using r e p e r t o r y g r i d s , (p rev ious c h a p t e r ) , one can now 

d i r e c t a t t e n t i o n t o the way i n which t h a t task may be under­

taken. For a d e s c r i p t i o n o f a t y p i c a l way ( i t w i l l become 

ev ident t h a t g r i d s may be used i n an i n f i n i t e v a r i e t y of ways) 

of using g r i d s one can do no b e t t e r than quote K e l l y ' s own 

words. 

6.2. "Methods o f Assessing Personal Cons t ruc ts " 

"Perhaps the best place to s t a r t the d i scuss ion of 
methodology i s w i t h the d e s c r i p t i o n o f ? p a r t i c u l a r 
technique. Then, l a t e r , I can at tempt t o descr ibe the 
broader methodology of which t h i s technique i s a 
p a r t i c u l a r example. 

Suppose I were t o g ive one of you a card and ask you t o 
w r i t e on i t the name of your mother. Then I would g ive 
you another and ask you t o w r i t e the name of your f a t h e r . 
On a t h i r d you might w r i t e the name of your w i f e , and on a 
f o u r t h the name of the g i r l you almost marr ied - but 
d i d n ' t l V/e could cont inue u n t i l you had as many as twenty 
or t h i r t y cards, each showing the name of a person 
impor tant i n your l i f e . 

Then suppose I should s e l e c t t h ree o f these cards, perhaps 
the ones o f your f a t h e r , your mother, and your boss or 
superv iso r . Suppose I should ask you t o t h i n k of some 
impor tant way i n which any two of them seem to be a l i k e and 
i n c o n t r a s t t o the t h i r d . What w i l l you say?. Perhaps 
you w i l l say t h a t your mother and your boss he.-.e always 
seemed t o know the answers t o the quest ions you asked but 
t h a t your f a t h e r h e s i t a t e d or t o l d you t o seek out your own 
answers-
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Now, i f t h i s i s a d i s t i n c t i o n you can apply t o your f a t h e r , 
your mother, and your boss, can you extend i t a l so t o the 
other persons you have named? You probably can. The 
impor tant f a c t i s t h a t as you apply i t t o person a f t e r 
person you are not only c h a r a c t e r i s i n g those persons but 
you are a lso p r o v i d i n g an o p e r a t i o n a l d e f i n i t i o n o f what 
you have i n mind- Appl ied t o enough persons t h i s 
o p e r a t i o n a l d e f i n i t i o n prov ides a more ex tens ive d e f i n i t i o n 
o f a p a r t i c u l a r , c h a n n e l of your thought than do words you 
may use t o symbolise i t -

Now, suppose I s e l e c t another t h ree cards, perhaps the ones 
w i t h the names o f your mother, your w i f e , and the g i r l you 
d i d not marry. What about them? I s there an impor tant 
way i n which two of them - any two - d i f f e r from the t h i r d ? 
Perhaps you w i l l respond immediately by saying t h a t your 
w i f e and your mother are l o v i n g but t h a t the g i r l you d i d 
not marry turned out to be harsh. 

And how w i l l you extend t h i s personal c o n s t r u c t t o t l i e 
o ther persons who are impor tan t i n your l i f e ? Mow l e t me 
suppose - f o r the sake of t h i s d i scuss ion - something which 
I doubt would be t r u e of anyone i n t h i s audience. Let me 
suppose t h a t each person you c h a r a c t e r i s e as ' l o v i n g ' i s a 
person you have p r e v i o u s l y c h a r a c t e r i s e d as ready t o answer 
your quest ions, and each person you c l i a r a c t e r i s e as 'harsh' 
i s one you p r e v i o u s l y cha rac te r i sed as sending you o f f t o 
look f o r your own answers. Suppose t h i s were t r u e i n case 
a f t e r case, on out t o i n f i n i t y . What could we say then? 
Would we then be ready t o say t h a t the two cons t ruc t s were 
i d e n t i c a l i n eve ry th ing but name? 

Not q u i t e 1 I n our i l l u s t r a t i o n the two c o n s t r u c t s have 
been app l i ed on ly t o persons as whole e n t i t i e s . There i s 
s t i l l the ques t ion of whether the c o n s t r u c t s are app l ied 
i d e n t i c a l l y t o the separate ac ts of persons. To go even 
f u r t h e r , t h i s suggests t h a t , i n gene ra l , the equivalence o f 
cons t ruc t s i s determined by t h e i r s i m i l a r a p p l i c a t i o n t o 
a l l types o f events, not merely t o human events 

Moreover, we need a lso t o make sure t h a t both c o n s t r u c t s 
occupy e x a c t l y the same range o f convenience. That i s t o 
say, can the f i r s t c o n s t r u c t i n my i l l u s t r a t i o n - the 
response- re jec t i on c o n s t r u c t - be app l i ed t o a l l the events 
t o which the second c o n s t r u c t - the l ov i ng -ha rsh cons t ruc t 
- can be a p p l i e d ; and, of course, v i c e versa? I f t h e i c ; 
are some events t h a t can be c l a s s i f i e d by the persoii as 
responsive or r e j e c t i n g but which he cannot t r e a t i n terms 
of lov ingness or harshness, then the range o f convenience 
of the two c o n s t r u c t s are d i f f e r e n t and the c o n s t r u c t s 
themselves are t h e r e f o r e not q u i t e the s^imo. 

A l l of t h i s i s a mathematical or l o g i c a l problem and i t 
leans t o the f o r m u l a t i o n of one o f t l i e theorems under l y ing 
personal c o n s t r u c t t heo ry . Since, however, t h i s paper i s 
more concerned w i t h the methodology o f p e r 5 o n a l cons t ruc t 
theory than w i t h i t s mathematics, I s h a l l l i m i t myself t o 
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p o i n t i n g out merely t h a t such p r o p o s i t i o n s e x i s t . 

Let us r e t u r n t o our deck o f cards. We can represent the 
data produced so f a r i n a f l a t m a t r i x w i t h events - i n t h i s 
case the names appearing on the cards - ranged along the 
top from l e f t t o r i g h t , and w i t h the c o n s t r u c t s ranged 
along the s ide from top t o bottom. The e n t r i e s i n the 
mat r i x are s i n g l e d i g i t b ina ry numbers, i n d i c a t i n g simply 
whether the event i s regarded one way or the o ther i n terms 
of the c o n s t r u c t . For example, i f you regarded your 
mother as l o v i n g , t h i s p a r t i c u l a r datum would be 
represented i n the ma t r i x by the numeral ' 1 ' i n the f i r s t 
c e l l o f the second row - below 'mother' and opposi te 
* lov ing-harsh . ' I f you regarded your f a t h e r as harsh the 
numeral '0* would be entered i n the next c e l l , e t c . 

Mow we may go on t o expand the ma t r i x u n t i l i t i s l a rge 
enough t o g ive us a s t a b l e idea of how the person construes 
h i s wor ld . S t a r t i n g w i t h d i f f e r e n t t r i a d s o f cards we con 
success ive ly produce row a f t e r row o f m a t r i x e n t r i e s . 

This i s not an i n t e r m i n a b l e under tak ing . Experience shows 
t h a t only persons w i t h the most complex or s c h i z o i d out ­
looks r e q u i r e more than twenty or t h i r t y rows t o express 
t h e i r r e p e r t o r y o f c o n s t r u c t s . Reper to i res used i n every­
day a f f a i r s are g e n e r a l l y q u i t e l i m i t e d , and, e s p e c i a l l y so 
i t appears, among t i iose who p r e f e r t o ac t r a t h e r than 
r e f l e c t . 

As you can see, the ma t r i x can be f ac to r -ana l ysed t o see t o 
what ex ten t the person i s employing a v a r i e t y o f cons t ruc t s 
on only a few c o n s t r u c t s masquerading under d i f f e r e n t names 
We can examine the columns i n the m a t r i x t o see which 
f i g u r e s i n h i s l i f e are viewed as s i m i l a r t o o t h e r s , or 
whether, indeed, t he re i s any great v a r i e t y perceived 
among them 

But l e t us t u r n away from the p a r t i c u l a r k i n d o f ma t r i x we 
have descr ibed - which, a f t e r a l l , i s on ly one example of 
the a p p l i c a t i o n o f the methodology - and look a t o ther 
k inds of personal cons t ruc t mat r i ces . Suppose, ins tead of 
asking you t o w r i t e the name of a person on each of the 
cards I gave you, I would ask you t o l i s t an impor tan t 
experience you had had. Suppose, f o r example, I asked you 
t o t h i n k o f your wedding and make a note of i t on the r i r s t 
card . On the second card you might note the occasion when 
you had a ser ious q u a r r e l w i t h your pa ren ts , on the t h i r d 
the t ime when you be l ieved you were near death, on the 
f o u r t h the ceremony a t which you were awarded your 
u n i v e r s i t y degree, then the meeting when a paper you 
presented was most severe ly c r i t i c i s e d , and so on. Then 
suppose you were t o construe these events , t h ree a t a time 
as you d i d the persons i n your l i f e , and thenextended the 
cons t ruc t s t o a l l the o ther events you had mentioned. 
This would generate another k ind of m a t r i x whose columns 
and rows, as w e l l as i t s ve rba l con ten t , cou ld be analysed. 
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Some researchers have used the methodology t o come to an 
understanding of how a young person, con f ron ted w i t h making 
a v o c a t i o n a l cho ice , views the d i f f e r e n t occupat ions and 
profess ions open t o him. Others have used i t t o analyse 
personal f a c t o r s i n j o b d i s s a t i s f a c t i o n . Some have 
s tud ied changes i n the cons t ru i ng process d u r i n g a year o f 
u n i v e r s i t y t r a i n i n g , and o thers have s tud ied s i m i l a r 
changes dur ing psychotherapy." ( K e l l y , 1955) 

6.3. The adapt ion o f K e l l y ' s method descr ibed i n h i s own words i n 

paragrapli 6.2, i n t o the format used by the au thor , f a l l s i n t o a 

number o f separate areas. These are l i s t e d below. (The 

numbers i n parenthes is i n d i c a t e the paragraph number i n which 

the p o i n t i s e l a b o r a t e d ) . 

Purpose and f u n c t i o n o f the g r i d {6 A) 

Size o f g r i d (6.5) 

Element S e l e c t i o n (6.6) 

Construct S e l e c t i o n (6.7) 

Scoring system (6.8) 

Analyses (6.9) 

A d m i n i s t r a t i o n procedure, l ^ e l i a b i l i t y and 

V a l i d i t y (6.10) 

6.̂ . I n order t o i n v e s t i g a t e the s p e c i f i e d hypothese (Chapter 3 ) , 

an instrument was recju i red which pe rm i t ted aspects o f 

pedagogic p r a c t i c e t o be i d e n t i f i e d and c l a s s i f i e d i n t o 

' teaching p r o f i l e s , ' f o r both i n d i v i d u a l s , and groups of 

respondents i d e n t i f i e d as e x h i b i t i n g a comnon a t t i t u d e t o one 

or more f a c t o r s of a t t i t u d e t o Physics. I n dec id ing t o adopt 

a methodology based on a t t i t u d e s c a l i n g and t l i e r e p e r t o r y g r i d , 

the author chose a c o g n i t i v e stance which d i d not impose onto 
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the popu la t ions being s tud ied any b e h a v i o u r a l l y s p e c i f i e d 

pedagogic p r a c t i c e s . The onus was, i n s t e a d , p laced on the 

rep resen ta t i ves of those popu la t ions t o generate t h e i r own 

c r i t e r i a perceived as r e l e v a n t t o the c l a s s i f i c a t i o n o f 

teach ing . An example drawn from the medical p r o f e s s i o n might 

c l a r i f y the way i n which t h i s stance placed the onus on the 

respondent r a t h e r than the researcher . 

A medical doc to r , upon f i r s t meeting a p o t e n t i a l p a t i e n t i n h i s 

c o n s u l t i n g room, may adopt one o f two s t r a t e g i e s ( o r some 

amalgam of b o t h ) . He mig l i t »pass the t ime of day' w i t h i d l e 

conversat ion w h i l s t s y s t e m a t i c a l l y app ly ing t e s t s t o the c l i e n t 

i n order to a s c e r t a i n what i s wrong w i t h him. A l t e r n a t i v e l y , 

he may ask the d i r e c t ques t i on 'what appears t o be wrong w i t h 

you?' I n the l a t t e r case, the c l i e n t i s i d e n t i f i e d as the 

exper t , f o r on ly he "knows" what i s 'wrong,' the task f o r the 

doctor i s then t o t r a n s l a t e a non- techn ica l n o n - s p e c i f i c 

d e s c r i p t i o n i n t o a c l a s s of i l l n e s s t o which a standard remedy 

may be p resc r ibed . C l e a r l y the manner i n which the doctor i n 

my example frames h.i.s quest ions w i l l expedi te d i agnos i s . 

The author used the r e p e r t o r y g r i d as a systemat ic way of 

asking quest ions about physics teach ing i n genera l and 

s p e c i f i c a l l y regard ing perceived e f f e c t i v e n e s s of t h a t 

teach ing . The g r i d method can be used i n order t o prov ide 

composite ' p i c t u r e s ' o f e f f e c t i v e physics teaching as perceived 

by the classes of respondents i d e n t i f i e d i n Chapter 5, 
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The p a r t i c u l a r dec is ions which had t o be taken i n order t o use 

a g r i d based method t o achieve t h i s end are descr ibed i n the 

f o l l o w i n g paragraphs. 

6.5, A c o n s t r u c t must not be confused w i t h the v e r b a l l a b e l which 

may be used t o name i t , some c o n s t r u c t s may not be v e r b a l l y 

symbolized w h i l s t o thers may be very inadequate ly named by 

words. P rov i s i on must, however, be made f o r the respondent t o 

w r i t e some ve rba l r e p r e s e n t a t i o n of h i s c o n s t r u c t . The g r i d 

format used r e f l e c t e d common p r a c t i c e amongst many users o f the 

technique by c o n s i s t i n g o f columns of elements and rows f o r 

c o n s t r u c t s w i t h a spaee mode a v a i l a b l e f o r the c o n s t r u c t 

d e s c r i p t i o n i n each row. The s i ze of g r i d i s the f i r s t 

v a r i a b l e needing t o be e s t a b l i s h e d . There i s evidence from 

K e l l y (1955) and other researchers t o suggest t h a t respondents 

r a r e l y need more than 20 spaces f o r c o n s t r u c t . . The author 

t h e r e f o r e adopted 20 as the number o f const^^ucts spaces (no. 

of rows) on h i s g r i d . I n the subsequent data c o l l e c t i o n 

phase of the research many respondents found i t d i f f i c u l t t o 

progress beyond twelve t o f i f t e e n rows and the re i s evidence 

t o suggest t h a t those who d i d ' f i l l ' the g r i d f r e q u e n t l y used 

v e r b a l d e s c r i p t i o n s f o r c o n s t r u c t s towards the end of the g r i d 

wl i ich were on the sur face q u i t e d i f f e r e n t t o those used 

e a r l i e r ^ b u t which c o r r e l a t e d very h i g h l y w i t h p r e v i o u s l y 

s p e c i f i e d c o n s t r u c t s . One can conclude, t h e r e f o r e , t h a t i n 

s e l e c t i n g 20 as the number o f c o n s t r u c t s pe rm i t t ed i n the g r i d 

the author was u n l i k e l y t o be l i m i t i n g any i n d i v i ^ * u a l 

respondent's e x p l o r a t i o n o f h i s t o t a l component space w i t h 
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respect to the element sample. There i s less guidance from 

the l i t e r a t u r e i n s e l e c t i n g the number o f elements f o r 

i n c l u s i o n . C l e a r l y the elements need t o r e p r e s e n t a t i v e l y 

sample the c o n s t r u c t space o f each respondent (see paragraph 

6.6), but equa l l y impor tant i s the need t o keep the g r i d 

complet ion t ime w i t h i n reasonable l i m i t s . Such c o n f l i c t i n g 

demands may be considered i n r e l a t i o n t o o ther research 

conducted using g r i d s . An a r b i t r a r y choice of 20 elements 

seemed app rop r i a te f o r a number o f reasons. Such a number 

produced a symmetrical 20 x 20 g r i d which could be completed 

w i t h i n a 2i hour t ime l i m i t by the m a j o r i t y o f respondents. 

The chances o f 20 elements r e p r e s e n t a t i v e l y sampling the 

component space o f each respondent was h igh , and i n any event 

a check could be made f o r each subject^and i f the sample proved 

t o be unrepresen ta t i ve f o r him t h a t data could be excluded from 

the f i n a l a n a l y s i s . The g r i d format thus decided^the 

g r a p h i c a l l ayou t could be f i n a l i s e d and g r i d s p r i n t e d . 

Appendix 2 inc ludes a copy o f the g r i d format used. 

6.6.1. Adopting a g r i d :-;â ed methodology permi ts cons iderab le 

autonomy t o the researcher i n s e l e c t i n g the elements he 

proposes t o use. Some examples o f d i f f e r e n t c lasses o f 

'Elements which have been used are: photographs of people 

(Bannis ter 1962), s tanding models (Salmon 1976), s i t u a t i o n s 

(F ranse l l a 1972), occupations (Shubsachs 1975), and many 

o the rs . The author, i n h i s endeavour t o i d e n t i f y aspects o f 

pedagogy^decided t o choose teachers^and as the pedagogic 

p r a c t i c e was t o be s p e c i f i c a l l y r e l a t e d t o physics t e a c h i n g , 

these teachers were t o be of t h a t d i s c i p l i n e . (Subsequent 
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research has shown such d i s c i p l i n e based concern to be l e s s 

impor tan t than the author thought a t t h a t t ime: Keen & Hopwood 

1978)) . C e r t a i n c r i t e r i a must be a p p l i e d t o element s e l e c t i o n 

which l i m i t s the researchers autonomy. I f c o n s t r u c t s r e l a t e d 

t o physics teaching are t o be e l i c i t e d , then the elements must 

f a c i l i t a t e such e l i c i t a t i o n by enab l ing d i s c r i m i n a t i o n s t o be 

made between t r i a d s se lec ted from the element sample r e l e v a n t 

t o pedagogic p r a c t i c e . No mat ter how c a r e f u l l y an element 

sample i s drawn from the un iverse o f p o t e n t i a l elements, t h e r e 

w i l l be some elements which f a l l ou t s i de the range o f 

convenience of some c o n s t r u c t s used by some respondents. 

There must t h e r e f o r e be p r o v i s i o n f o r any i n d i v i d u a l respondent 

t o i n d i c a t e when a c o n s t r u c t i s i n a p p l i c a b l e t o a s p e c i f i e d 

element, and such p r o v i s i o n was inc luded i n the g r i d s used by 

the author (paragraph 6.8,). 

The elements, as has al ready been i m p l i e d , need t o be 

r e p r e s e n t a t i v e o f the universe from which they are drawn. 

Thus the twenty physics teachers i d e n t i f i e d as elements i n the 

g r i d must be r e p r e s e n t a t i v e o f the un iverse o f physics teachers 

This apparent ly d i f f i c u l t task can be undertaken i n a v a r i e t y 

of ways; the author adopted a s t r a t e g y which se lec ted 

r e p r e s e n t a t i v e elements i n the manner descr ibed i n paragraph 

6.6.2. 

6.6.2. The pedagogic p r a c t i c e s v/hich r e q u i r e d i d e n t i f i c a t i o n by the 

g r i d were those r e l a t e d t o perceived e f f e c t i v e n e s s . The 

f i r s t t t i r e e elements were, t h e r e f o r e , e a s i l y s p e c i f i e d as r o l e 
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t i t l e s . 

A- Se l f (me as a teacher o f p h y s i c s ) . 

B. The most e f f e c t i v e teacher o f physics I now know, 

or have ever known, 

C, The most i n e f f e c t i v e teacher o f physics I now know, 

or have ever known. 

Both the ' e f f e c t i v e ' and ' i n e f f e c t i v e ' elements were requ i red 

as a means of checking t h a t pedagogic p r a c t i c e s which 

d i s t i n g u i s h e d between the s e l f and the e f f e c t i v e teacher were 

a lso c r i t e r i a which were r e l a t e d t o e f f e c t i v e n e s s . Evidence 

w i l l be presentd l a t e r t o show t h i s t o be an e s s e n t i a l cheeky 

as i t was not uncommon f o r sub jec t s t o s p e c i f y c o n s t r u c t s 

(such as good d i c t i o n - poor d i c t i o n ) which, when a p p l i e d , 

c l e a r l y d i s t i n g u i s h e d themselves as being q u i t e d i f f e r e n t from 

e i t h e r the e f f e c t i v e or i n e f f e c t i v e elements^but which 

generated no apparent d i s t i n c t i o n between these l a t t e r two 

elements. (The i m p l i c a t i o n being t h a t d i c t i o n i s not a 

c r i t e r i o n which may be used t o assess e f f e c t i v e n e s s ; See 

Chapter 9 ) • 

Fur ther r o l e t i t l e s were then used t o sample each respondent's 

experience of physics teach ing . I n order t o generate these a 

group of l e c t u r e r s were asked/to nominate physics teachers who 

were memorable to them f o r any reason and t o add t o the l i s t 

produced any teachers known t o them and whose teach ing i s 

f a m i l i a r t o them. Twelve teachers undertook t h i s task ; a l l 
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the people named or descr ibed on a l l twe lve l i s t s cou ld be 

c l a s s i f i e d w i t h i n the f o l l o w i n g t h i r t e e n c a t e g o r i e s : -

1 . Mysel f . 

2. The teacher I now b e l i e v e t o be the most e f f e c t i v e 

teacher o f physics I now know or have ever known. 

3. The teacher I now b e l i e v e t o be the most i n e f f e c t i v e 

teacher o f physics I know or have ever known. 

^. The most sen io r physics teacher i n my own 

i n s t i t u t i o n exc lud ing mysel f . 

5- A teacher who taugh t mc phys ics a t schoo l . 

6. A teacher who taught me physics a t a post school 

i n s t i t u t i o n . 

7. Another physics teacher , ( o t h e r than those l i s t e d ) , 

t h a t I used t o know or work w i t h . 

8. Yet ano^-her physics teacher , ( o t h e r than those 

l i s t e d ) , t h a t I used t o know or work w i t h . 

9. My co l league A, 

10. My col league B. 

11. Up t o th ree nondescr ip t 

12. persons t h a t cou ld not 

13. be otherwise c l a s s i f i e d . 

These t h i r t e e n ca tego r ies became t h i r t e e n elements i n the 

proposed g r i d i n the f o l l o w i n g s l i g h t l y mod i f i ed form* 



A. Myself (as a teacher of p h y s i c s ) , 

B. The teacher I now b e l i e v e to be the most e f f e c t i v e 

teacher o f physics I now know, or have ever known. 

C. The teacher I now b e l i e v e t o be the most i n e f f e c t i v e 

teacher o f physics I know or have ever known. 

D. The most sen io r physics teacher i n my own 

i n s t i t u t i o n exc lud ing myself . 

E- Any teacher who taught me physics a t schoo l . 

(Excluding any people named on prev ious c a r d s ) , 

F. Any teacher who taught me physics a t any post 

sc l ioo l educa t i ona l or i n d u s t r i a l i n s t i t u t i o n 

(exc lud ing any people named on prev ious c a r d s ) . 

G. Any other physics teacher whom I know or have known 

(exc lud ing co l leagues working i n the same i n s t i t u t i o n 

as myself and any teacher a l ready named). 

11. As f o r G. 

I , My col league (exc lud ing any teacher a l r eady named). 

3. As f o r I . 

K, Add anyone, or leave b lank. 

L. Add anyone, or leave b lank, 

M. Add anyone, or leave b lank. 

These elements r e f e r t o the column headif^gs on the g r i d 

r e f e r r e d t o i n paragraph 7,5. and i l l u s t r a t e d i n Appendix 5/ . 

Adopting such an approach t o r o l e t i t l e element e l i c i t a t i o n 

a s s i s t s the user i n h i s at tempt t o produce r e p r e s e n t a t i v e 

elements. However, rep resen ta t i veness has two l e v e l s o f 

i n t e r p r e t a t i o n . The s t r a t e g y descr ibed i s l i k e l y t o . 
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(a l though the reader has not been prov ided w i t h any evidence 

t h a t i t w i l l ) , produce a se t o f elements r e p r e s e n t a t i v e o f the 

respondents c o n s t r u c t i o n o f physics teach ing . I t i s l i k e l y 

t h a t d i f f e r i n g respondents w i l l have been exposed t o q u i t e 

d i f f e r e n t samples of phys ics teach ing themselves - i t would no t , 

f o r ins tance, be unreasonable t o expect a p r a c t i c i n g teacher and 

graduate of physics o f many years exper ience, t o have been 

exposed t o a g rea te r sample o f the universe o f phys ics teach ing 

than a f i r s t year undergraduate read ing phys ics . The element 

sample e l i c i t e d by the t h i r t e e n r o l e t i t l e s l i s t e d would 

t h e r e f o r e be q u i t e d i f f e r e n t i n the ex ten t t o which i t may 

sample the t o t a l un iverse o f physics teach ing . Turthermore, 

each i n d i v i d u a l respondent w i l l have named d i f f e r e n t persons 

f o r each r o l e t i t l e ^ r e n d e r i n g any comparison between respond­

ents q u i t e i n a p p r o p r i a t e . 

Thus t o improve the element sample soxc mechanism was r e q u i r e d 

which increased the represen ta t i veness o f the sample i n 

r e l a t i o n t o the t o t a l un iverse o f physics teach ing and ye t was 

common t o a l l responden(;s^ thus p e r m i t t i n g comparisons 

between i n d i v i d u a l s and groups o f i n d i v i d u a l s . Elements 

c o n s i s t i n g o f video-taped episodes of physics teachers i n 

' a c t i o n ' , which could be viewed by a l l o f the respondents, 

would achieve the r e q u i r e d o b j e c t i v e p r o v i d i n g care was taken 

t o ensure the episodes chosen were themselves cover ing a wide 

range o f pedagogic s t y l e s . 

A t o t a l of s i x hours o f v ideo-tape was made a t a v a r i e t y o f 
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l o c a t i o n s i n Great B r i t a i n , i n both U n i v e r s i t i e s and 

Po ly techn i cs . The teachers v ideo-taped were i n i t i a l l y 

approached by the author and g iven a guarantee o f anonymity. 

A r t i f i c i a l i t y was minimised i n a v a r i e t y of ways. The author 

obta ined a range of convenient dates and t imes to v i s i t and 

video-tape episodes from each con tac t who had agreed t o 

'vo lun teer . ' F i l m i n g was then undertaken by ' s u r p r i s e ' w i t h 

no p r i o r warning g iven. This approach proved c o s t l y , as t ime­

t a b l e s are amended r a t h e r more f r e q u e n t l y than one might 

expect, and on a number of occasions the author a r r i v e d t o f i n d 

the arranged teaching episode t o have been c a n c e l l e d ! Where 

v ideo - tap ing could proceed, the author alone stayed i n the room 

w i t h p o r t a b l e t e l e v i s i o n camera/recorder using normal l i g h t i n g 

l e v e l s . This reduced the t ens i on caused by t e c h n i c i a n s and 

l i g h t s ^ b u t in t roduced an i n e v i t a b l e l oss i n q u a l i t y . Audio 

reci. irding was f a c i l i t a t e d by us ing a r a d i c microphone c a r r i e d 

by the teacher i n h i s pocket and f r e e i n g him from s t a t i c 

microphone p o s i t i o n s or t r a i l i n g leads. F i n a l l y , each session 

was observed from beginning t o end ( w i t h t imes v a r y i n g between 

one hour and f o u r .'.oi-rs), ye t on ly 20 minutes o f f i l m was taken 

of each encounter. This s e l e c t i v i t y i n t roduced e d i t i n g 

s u b j e c t i v i t y ^ but increased v a l i d i t y as n e i t h e r the teacher nor 

:̂he c lass knew when reco rd ing was a c t u a l l y happening,and i n 

consequence normal r e l a t i o n s h i p s were u s u a l l y maintained w i t h 

the author being f o r g o t t e n or ignored soon a f t e r commencement. 

F i n a l l y , a t the end o f each session the c lass were informed of 

the nature of the research, t o l d how the v ideo- tapes would be 

used and asked i f any ob jec ted t o being i nc luded . The usual 

guarantee o f anonymity was g i ven . No group objected^and i n 
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consequence a l l the v ideo-tape which was taken could be 

u t i l i s e d . 

I n a d d i t i o n t o the s i x hours o f v ideo- tape recorded 

s p e c i f i c a l l y f o r the research, the author had met co l leagues 

from o ther i n s t i t u t i o n s who placed a t h i s d i sposa l near l y f o u r 

hours o f v ideo-taped m a t e r i a l r e l a t i n g t o physics teaclu.ng. 

From the ten hours o f video-taped m a t e r i a l a v a i l a b l e , seven 

( t o add t o the 13 r o l e t i t l e elements i n order t o reach the 

chosen 20 element sample s i z e ) episodes of such a d u r a t i o n t h a t 

a l l seven could be viewed w i t h i n a t in ie l i m i t o f 30 minutes 

were r e q u i r e d . The t ime l i m i t was se t p a r t l y t o ensure a l l 

seven episodes could be seen c o n s e c u t i v e l y on one 30 minute 

tape, but more i m p o r t a n t l y to l i m i t the t ime f o r the t o t a l 

a d m i n i s t r a t i o n session (a l ready 30 minutes a t t i t u d e Inven to ry 

p luc 2 hours 30 minutes g r i d ) t o a maximum o f th ree and a h a l f 

hours-

Before d e s c r i b i n g the method used t o produce the seven episodes, 

and t o check t h e i r r ep resen ta t i veness , a d i g r e s s i o n i s r equ i red 

i n t o g r i d theory to e x p l a i n how represen ta t i veness may be 

t e s t e d . 

I n paragraph 6.10. the method o f g r i d a n a l y s i s i s considered a t 

l e n g t h j b u t f o r the purpose of t h i s exe rc i se i t i s s u f f i c i e n t t o 

consider what a c o n s t r u c t system i s , and how an element may be 

loca ted w i t h i n i t . For the reader who r e q u i r e s a more 

thorough mathematical t reatment paragraph 6.10. should now be 

read before c o n t i n u i n g . 
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One can descr ibe an indj.viduaJ.'s component space as an 

n - dimensional hyposphere i n which a l l c o n s t r u c t s and a l l 

elements liave a unique l o c a t i o n . An example may be used t o 

i l l u s t r a t e the p o i n t : 

Consider a h y p o t h e t i c a l respondent c a l l e d Fred, who, no matter 

what the t o p i c o f conve rsa t i on , endeavours t o r e l a t e i t t o h i s 

p a r t i c u l a r i n t e r e s t . We commonly say such an i n d i v i d u a l has a 

'one t r a c k mind,' o r ^ t o use the par lance o f g r i d technique^he 

could be considered un i -d imens iona l i n h i s o u t l o o k . I f such a 

charac ter completed a g r i d where a i l the elements were people 

i n h i s acquaintance, and a l l the c o n s t r u c t s r e l a t e d t o the 

conversat ions he had had w i t h them, subsequeiiJ: ana l ys i s might 

show on ly one component t o be s i g n i f i c a n t f o r him. Thus h i s 

n-dimensional hyposphere becomes a one dimensional component 

c r , i n p i c t o r i a l terms, a s t r a i g h t l i n e . 

F igure 6/1 i l l u s t r a t e s Fred's component space. 

FIGURE 6/1 
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I f Fred i s p r i m a r i l y i n t e r e s t e d i n ' spo r t , ' h i s component may 

be de f ined as shown i n the f i g u r e . Every element (person) and 

every c o n s t r u c t w i l l have a unique l o c a t i o n somewhere on the 

l i n e -
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Point *b' may have been someone who p lays g o l f and i s 

c l a s s i f i e d by Fred as being a t t h i s p o s i t i o n on the component 

i n comparison w i t h p o i n t 'a' which i s Fred, i . e . where he 

places h imse l f (another element) on the component. Po in t 'e' 

may have been a c o n s t r u c t a r i s i n g out o f a conversa t ion on 

cooking which Fred considers i r r e l e v a n t t o h i s un id imens iona l 

i n t e r e s t . Po in t 'd' corresponds t o t o t a l u n c e r t a i n t y . 

Fred's b ro the r , Peter , i s not u n l i k e Fred. He and Fred share 

t h e i r s p o r t i n g enthusiasm, but Peter has a two-dimensional 

component space i l l u s t r a t e d i n F igure 6/2. 

FIGURE 6/2. A two-dimensional component spaci 
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INTEÎ ESTING 

115 



One can look a t the same elements and c o n s t r u c t s i n t h i s new 

two-dimensional space, 

Peter places h imse l f (a) a long way from the o r i g i n and ^5° 

between the two components. He c l e a r l y perce ives h imse l f as 

both i n t e r e s t i n g and 'sporty*, and he i s very c o n f i d e n t about 

t h i s c l a s s i f i c a t i o n because the p l o t i s a long way from the 

o r i g i n . The g o l f i n g person 'b' i s s i t u a t e d ^5° between the 

components,but nearer the o r i g i n . Peter perce ives him as 

'spor ty ' and not i n t e r e s t i n g , b u t he's l ess c e r t a i n (nearer the 

o r i g i n ) than he was f o r h imse l f . 

The t h i r d person (d) he i s uncej^tain about i n r e l a t i o n t o the 

'spor ty ' component, as was Fred, but q u i t e sure on the 

' i n t e r e s t i n g ' component. The converse \b t r u e f o r the 

cons t ruc t on cooking ( e ) . 

The reader w i l l perce ive t h a t the exerc ise may be cont inued 

i n t o 3, ^, 5 or n components^although conceptual d i f f i c u l t y 

a r i s e s when more tK::n three components have t o be v i s u a l i s e d . 

Provided t h a t the elements used i n a g iven g r i d may be p l o t t e d 

.".;;:;o the component map, the d is tance of the element from the 

o r i g i n w i l l p rov ide a good i n d i c a t i o n o f how c l e a r l y i t was 

const ruc ted, w h i l s t the d i s t r i b u t i o n o f p l o t s w i l l i n d i c a t e 

represen ta t i veness . This descr ibes the technique used to 

check the representa t i veness of the v ideo elements used by the 

author . The technique i s , however, not w i t h o u t f l a w . The 
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element p l o t bears some s t rong resemblances t o Heisenberg's 

Uncer ta in ty P r i n c i p l e i n Physics. 

The Heisenberg u n c e r t a i n t y p r i n c i p l e i s concerned w i t h the 

measurement o f the v e l o c i t y and l o c a t i o n of a p a r t i c l e or 

photon. The wave theory o f l i g h t descr ibes t he motions o f 

photons s t a t i s t i c a l l y ^ b u t f a i l s t o s p e c i f y i n d e t a i l how a 

given photon w i l l move. The wave theory o f matter descr ibes 

the probable l o c a t i o n o f p a r t i c l e s , b u t f a i l s t o s p e c i f y p rec ise 

o r b i t s o f the k ind descr ibed by Btihr. I n simple terms 

Heisenberg s t a t e s t h a t we may, w i t h p r e c i s i o n , e i t h e r know the 

l o c a t i o n or v e l o c i t y of a p a r t i c l e but not bo th . The P a r a l l e l 

the author wishes t o draw i s concerned w i t h element l o c a t i o n s 

i n component space. S t a t i s t i c a l computations may be made on 

g r i d dataj,and g r a p h i c a l p l o t s o f the k ind i l l u s t r a t e d i n F igure 

6/2 can be produced w i t h ease. They c l e a r l y g i ve the p rec ise 

l o c a t i o n o f every element i n the respondent's component space, 

but such p r e c i s i o n n e c e s s i t a t e s the i n t r o d u c t i o n o f some 

u n c e r t a i n t y regard ing how the observer i n t e r p r e t s t!ie 

respondent's eleme.-̂ t. I f t h i s u n c e r t a i n t y i s reduced by 

leng thy , and d e t a i l e d , f o l l o w up d iscuss ions w i t h the respondent^ 

then the p l o t ceases t o be v a l i d as the d i scuss ion w i l l have 

i r . f i n e d the respondent's c l a s s i f i c a t i o n o f t he element and i t 

w i l l have moved e i t h e r i n h i s component space, or a l t e r n a ­

t i v e l y , h i s component space may be r e - d e f i n e d . Thus a 

researcher using g r i d methodology may e i t h e r know the l o c a t i o n 

o f an element i n a respondent's component space, 0£ h i s 

c o n s t r u c t i o n o f the element^but not both. 
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To r e t u r n t o the main argument, i t must f o l l o w t h a t , g iven the 

l i m i t a t i o n s perceived w i t h i n the element p l o t techn ique, t he re 

remains the p o s s i b i l i t y o f us ing these p l o t s as a means o f 

assessing rep resen ta t i veness . The author has used such a 

technique. J t should be noted, however, t h a t such a s t r a t e g y 

improves the chances of s e l e c t i n g r e p r e s e n t a t i v e element 

samples but , f o r the reasons c i t e d , cannot guarantee represen t ­

a t iveness u n t i l the g r i d s have been completed by t he 

respondents and subsequently t e s t e d i n the manner desc r ibed . 

The ten hours o f v ideo- tape was viev^ed many t imes by the author 

together w i t h two col leagues s k i l l e d i n the use of micro teach iny 

(The author, together w i t h Mopwood, developed a microte<?.ching 

c l i n i c a t Plymouth Po l y t echn i c , where video a n a l y s i s o f 

p r a c t i c i n g teachers was used t o assess and improve e f f e c t i v e ­

ness) . From t h e i r obse rva t i ons , twenty-seven ' c l i p s ' were 

i d e n t i f i e d as e x h i b i t i n g s p e c i f i c but d i f f e r e n t teach ing s t y l e s . 

These 27 ' c l i p s ' became the elements o f a g r i d which was 

completed by eleven vo l un tee rs (who were the same people who 

had been judges i n the Tl iurstone process used t o develop the 

a t t i t u d e i n v e n t o r y ) . A l l the g r i d s were placed end t o end t o 

form one mammoth g r i d 27 elements wide, and 189 c o n s t r u c t s long . 

T i l l s g r i d was analysed and an element p l o t made. The r e s u l t ­

ant component space (which was a 3-dimensional space a t t he 

.05 l e v e l o f s i g n i f i c a n c e ) was then considered. Seven v ideo 

' c l i p s ' were se lec ted from the sample of 27 such t h a t they were 

spread as evenly as poss ib l e throughout the combined component 

space o f the eleven respondents. I n order t o achieve t h i s end 
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a r a t h e r cumbersome method was used. (Since then a r a t h e r 

more s o p h i s t i c a t e d mathematical a n a l y s i s has been developed) . 

The 3-dimensional component space was represented by a sphere. 

The p r o j e c t i o n s of a l l the elements onto the su r face was 

obta ined from the 3 two-dimensional p l o t s (Components 1 vs 2; 

2 vs 3 and 3 vs 1) and pieces o f paper glued onto t he sur face 

t o represent each element. The sur face was then d i v i d e d i n t o 

seven equal area d i v i s i o n s and one element se l ec ted from each 

d i v i s i o n . Had any of the seven areas been devoid o f elements, 

the experiment thus f a r would have had t o be repeated^ as the 27 

o r i g i n a l video-tapes would have proved devoid o f c e r t a i n 

pedagogic sLy les . I n p r a c t i c e , every area had a t l e a s t one 

element w i t h i n i t . Where more than one element was a v a i l a b l e , 

then the one which was construed w i t h g rea tes t c e r t a i n t y was 

chosen. (As decided by i t s a c t u a l d i s tance from the o r i g i n ) . 

Thus seven video-tapes were chosen as the remaining elenients 

f o r the g r i d desigri used i n the research. I t w i l l be observed 

t h a t the descr ibed method of s e l e c t i n g the v ideo- lapes was 

based on the combined component space of eleven vo lun teer 

respondents. The a c t u a l rep resen ta t i veness cou ld , t h e r e f o r e , 

not be guaranteed f o r a l l the respondents. A check was b u i l t 

i n t o t l i e ana l ys i s which computed the d is tance between elements 

f o r these seven s p e c i f i c elements. Where t h i s proved the 

element sample t o be un rep resen ta t i ve f o r a g iven respondent, 

h i s g r i d was not inc luded i n the research data. Of 75 

respondents J th ree had t o be r e j e c t e d aga ins t t h i s c r i t e r i a . 

Paragraph 6.9. exp la ins how the v ideo-tapes were used i n 

e l i c i t i n g cons t ruc t s frcm respondents. 

119 



6.7.1. The ins t rument , i f t o be o f va lue , must be useful ' , i t must 

be able t o be used t o embrace the f u t u r e as w e l l as pigeon-hole 

the pas t . The method must t h e r e f o r e e l i c i t permeable 

c o n s t r u c t s . Permeable c o n s t r u c t s a re those t o v/hose con tex t 

new elements can be added; they are s t i l l being developed by 

the person as a means of o r g a n i s i n g and summarising new 

evidence or events. The f i r s t c o n s t r a i n t on the des ign, 

t h e r e f o r e , i s the need t o e l i c i t these permeable c o n s t r u c t s . 

Th i s , o f course, precludes the p o s s i b i l i t y o f us ing on ly 

supp l i ed cons t ruc t s ,bu t does not prec lude the p o s s i b i l i t y o f 

having a mix of supp l i ed and e l i c i t e d c o n s t r u c t s . I t must be 

remembered a lso t h a t r e p e r t o r y g r i d techniques are on l y an 

e f f i c i e n t and e f f e c t i v e way of c o l l e c t i n g t l i e data t h a t cou ld 

otherwise be obta ined by s k i l l e d i n t e r v i e w . (Bann is ter and 

Hair 1968). The same c a u t i o n r e l a t i n g t o a p p l i c a b i l i t y must 

t h e r e f o r e apply , namely the a p p l i c a b i l i t y g e n e r a l l y o f one 

person's view, or indeed the i n f e r e n c e t h a t a man's view today 

w i l l remain cons tan t . K e l l y ' s t h e o r y , ho.vever, i s one whici i 

acknowledges the p o s s i b i l i t y of changes w i t h i n an i n d i v i d u a l a t 

a v a r i e t y o f l e v e l s . W i t h i n some p a r t s o f a person's 

c o n s t r u c t system, minute-to-minute or day-to-day f l u c t u a t i o n s 

and changes may be conomon, w h i l e o ther c o n s t r u c t i o n s may remain 

s t a b l e over longer spans, an:), some may show l i t t l e f l u c t u a t i o n 

across a per iod of years. 

I n the Rep. g r i d , the researcher cannot assume t h a t the words 

used by the s u b j e c t , t o descr ibe the c o n s t r u c t d i s c r i m i n a t i o n s 

he i s making, mean much the same t o the s u b j e c t as they do t o 

him. This i s an assumption u n d e r l y i n g a l l ques t i onna i re and 
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r a t i n g sca le approaches t o data c o l l e c t i o n . 

Sometimes a sub jec t w i l l p rov ide the same word t o s p e c i f y one 

pole or another o f c o n s t r u c t s der i ved from d i f f e r e n t t r i a d s . 

The researcher has t o assess whether the same word covers a 

s l i g h t l y d i f f e r e n t c o n s t r u c t , or whether the same t o t a l 

dimension i s being repeated. I n the former i ns tance , the 

cons t ruc t ( i n c l u d i n g both emergent and i m p l i c i t po les) would be 

r e t a i n e d ; wh i l e i n the l a t t e r i ns tance , the s u b j e c t would be 

asked t o t h i n k of some other dimension o f d i s c r i m i n a t i o n between 

the f i g u r e s i n v o l v e d . One of K e l l y ' s main concerns was w i t h 

the importance o f e l i c i t i n g p e r s o n a l l y s i g n i f i c a n t constructs' , 

t h i s must be considered when supp l i ed c o n s t r u c t s are being used 

r a t h e r than e l i c i t e d c o n s t r u c t s . Although i t seems q u i t e 

l e g i t i m a t e t o supply c o n s t r u c t s or r a t h e r l a b e l s which, f o r the 

s u b j e c t s , may represent c o n s t r u c t s ( a f t e r a l l we do i t every 

day when we hold a c o n v e r s a t i o n ) , e x c l u s i v e use of supp l i ed 

words seems t o negate the impor tan t ideas i n c o n s t r u c t theory 

noted i n the i n d i v i d u a l i t y c o r o l l a r y ( K e l l y 1955). 

I n t e r p r e t a t i o n o f wurd l a b e l s used by respondents, or indeed an 

understanding o f what they perce ive as an i n t e r p r e t a t i o n or a 

supp l ied word l a b e l , can o f t e n be aided by re fe rence t o c e r t a i n 

r:^at;-,cmatical f ea tu res o f c o n s t r u c t l i n k s demonstrated i n the 

g r i d . Where some c o n s t r u c t s are supp l i ed and o the rs e l i c i t e d , 

then some understanding o f the meaning ascr ibed t o the 

c o n s t r u c t l a b e l s supp l ied by the examiner, i n terms o f the 

sub jec t ' s system, can be gained from examining the mathematical 

r e l a t i o n s h i p s between supp l i ed and e l i c i t e d c o n s t r u c t s . 
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Ti l l s p a r t i c u l a r d i scuss ion can be summarised i n the statement 

t h a t g r i d methods do not assume t h a t the s u b j e c t means what the 
n . . . . . , 

experimenter means by p a r t i c u l a r v e r b a l l a b e l s i n v o l v e d i n the 

t e s t - on the c o n t r a r y , t he method i s designed t o he lp 

a s c e r t a i n what t l i e sub jec t means by p a r t i c u l a r v e r b a l l a b e l s . 

With g r i d method, i t i s p o s s i b l e t o at tempt an assessment o f 

the p a r t i c u l a r and personal d e f i n i t i o n s which a s u b j e c t a t taches 

t o the words he uses, by examining the element s e l e c t i o n s made 

on the basis o f h i s c o n s t r u c t s , and by q u a n t i f y i n g the i n t e r -

r e l a t i o n s l i i p s between these c o n s t r u c t s . 

One of the o r i g i n a l f ea tu res o f g r i d form, which has been 

ignored i n more recen t s t u d i e s , i s the i n s i s t e n c e t h a t the 

sub jec t s p e c i f y both poles of each c o n s t r u c t . This problem 

p a r t i c u l a r l y a r i s e s when c o n s t r u c t s are s u p p l i e d . While the 

supp l ied emergent pole of a c o n s t r u c t may be t r r , i i s l a t e d by the 

sub jec t i n t o h i s own terms, the supp ly ing o f a c o n t r a s t pole 

may saddle the sub jec t w i t h what, f o r him, are poles o f two 

d i f f e r e n t c o n s t r u c t s , causing him t o work h i s way round a 

psycho log ica l corner when rank ing or a l l o t t i n g h i s elements. 

I t would seem adv isab le t o check on the s u b j e c t ' s view of the 

c o n t r a s t when c o n s t r u c t s are being s u p p l i e d . I t f o l l o w s , 

t h e r e f o r e , t h a t i n conceptual analyses, s i n g l e dimensions, as 

commonly used i n g r i d fo rmat , may i n t r o d u c e unnecessary 

a r t i f i c i a l i t y . K e l l y was c e r t a i n l y aware o f the importance o f 

avo id ing the l i m i t a t i o n s imposed by too concre te a use of h i s 

methods, but the tendency t o use s ing le-word d e s c r i p t i o n s o f 

cons t ruc t s i s s t i l l common i n g r i d work^although l e s s so than 

was the case a few years ago. 
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I n summary then, i t would appear t h a t t h e r e are advantages t o 

be obtained from us ing a mix tu re o f supp l i ed and e l i c i t e d 

c o n s t r u c t s ; however, when b i - p o l a r c o n s t r u c t s a re prov ided the 

mis-match between the researcher and respondents' d e f i n i t i o n o f 

the cons t ruc t can lead t o a l o s s o f v a l i d i t y . Overcoming t h i s 

problem by the p r o v i s i o n o f on ly the emergent po le o f a 

c o n s t r u c t seems a l e s s than adequate s o l u t i o n . 

I n t h i s s tudy, the author has adopted a techn ique, which seems 

t o have been l i t t l e used p r e v i o u s l y . Const ruc ts have not been 

provided but i ns tead the respondent was g iven a l i s t o f 

c o n s t r u c t l a b e l s which he may have glanced through i f a t any 

stage he found d i f f i c u l t y i n f o r m u l a t i n g the p a i r and s i n g l e t o n 

from the t r i a d . These supp l i ed c o n s t r u c t s were, o f course, 

b i - p o l a r but on ly one pole was s t a t e d , and i t cou ld have been 

e i t h e r the emergent o r i m p l i c i t poles as the s u b j e c t decided. 

The l i s t , w h i l s t not exhaus t i ve , d e l i b e r a t e l y r e l a t e d t o those 

aspects o f pedagogic s t y l e o f t e n c i t e d by e d u c a t i o n a l i s t s as 

being impor tant a t t r i b u t e s o f t each ing . (The author always 

discussed w i t h the respondent h i s "agreed" i n t e r p r e t a t i o n o f 

each c o n s t r u c t i f requested. The "agreed" i n t e r p r e t a t i o n was 

based on the notes f o l l o w i n g each c o n s t r u c t , but t he 

respondent d i d not have a copy o f these notes un less he 

s p e c i f i c a l l y asked t he a d m i n i s t r a t o r f o r an e x p l a n a t i o n or 

d e f i n i t i o n ) . 

Experience gained i n a d m i n i s t e r i n g the g r i d t o the seventy-

f i v e respondents i n the research has i n d i c a t e d t h a t f o r a l l bu t 

a few, such a l i s t was not r e q u i r e d u n t i l a f t e r the f i r s t t en 
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cons t ruc t s had been e l i c i t e d . 

6.7.2. The minimum con tex t card form o f c o n s t r u c t e l i c i t a t i o n was 

used, e a c h respondent being presented w i t h t r i a d s o f elements 

and asked t o determine some impor tan t way i n which two were 

a l i k e , and y e t , by the same token , d i f f e r e n t t o the t h i r d . 

The t r i a d s were i d e n t i f i e d by shaded c e l l s on the g r i d 

i l l u s t r a t e d i n the appendix. W h i l s t the re are no r u l e s 

appe r ta i n i ng t o t r i a d s e l e c t i o n , a d e s c r i p t i o n o f how the 

author designed the t r i a d sequence i s impo r tan t . 

The s e l e c t i o n was p a r t l y sys temat i c , p a r t l y i n t u i t i v e and 

p a r t l y randomI ' The stages were as f o l l o w s . 

FIGURE 6/3 ABOUT HERE 

a) Each row requ i red a t r i a d . There are 21 prov ided rows and 

so 63 c e l l s were a v a i l a b l e f o r d i s t r i b u t i o n . 

b) L o g i c a l l y each element should be conta ined i n a t r i a d t he 

same number o f t imes and so each element was a l l o c a t e d 

th ree c e l l s . 

c ) The th ree remaining c e l l s were a l l o c a t e d t o the 'myself* 

element t o encourage respondents t o cons ider c o n s t r u c t s 

most r e l e v e n t t o themselves. 

d) Elements R, S and T were l i k e l y t o be f i l l e d by fewer 

respondents and so one c e l l was sub t rac ted f rom each and 
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FIGURE 6/3. A reduced copy of g r i d format w i t h t r i a d s 
marked x. 
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a l l o c a t e d t o F, I and ;^^being the t h ree elements common 

t o a l l twelve of the i n i t i a l panel used i n s e l e c t i n g the 

element d e s c r i p t i o n s . 

e) The f i n a l d i s t r i b u t i o n became:-

A B C D E F G N I 3 K L I-t N 0 P Q R 5 T 

6 3 3 3 3 ^ 3 3 ^ 4 3 3 3 3 3 3 3 2 2 2 

f ) I n order t o f a c i l i t a t e the genera t ion of new c o n s t r u c t s , 

no element should be used more than th ree times 

consecu t i ve l y and p r e f e r a b l y not more f r e q u e n t l y than twice 

i n th ree rows. The except ions t o t h i s genera l r u l e i s 

where between-clement comparisons were t o be encouraged 

(e.g. w i t h the v ideo- tapes) or where groups of elements 

could be i d e n t i f i e d as having s i m i l a r i t i e s , or f a l l i n g 

c l o s e l y together^ and whic i i cou ld t h e r e f o r e be used t o f o r c e 

the respondent t o make f i n e r d i s t i n c t i o n s . 

g) Bearing i n mind the comments i n the prev ious s i x stages, 

the a c t u a l d i s t r i b u t i o n was undertaken i n a systemat ic 

manner w i t h random changes o f emphasis a f t e r rows 5, 12, 15 

and 16. 

h) F i n a l l y , i t should be emphasised t h a t i t r e a l l y doesn't 

mat ter how the t r i a d s were s e l e c t e d as they are on l y used 

as a means of a i d i n g c o n s t r u c t f o r m a t i o n . I t would have 

been equa l l y v a l i d to e i t h e r dea l t h ree cards a t random, 

or t o have l e t the respondent s e l e c t any th ree cards from 

cho ice. The only advantages o f the system adopted here 

are i ) Each element i s used on average th ree t imes, 

i i ) The procedure i s common t o a l l respondents. 

126 



6.8. I n the i n i t i a l K e l l y g r i d the s u b j e c t prov ided h i s 

d i s c r i m i n a t i o n between the elements i n the f i r s t t r i a d , then 

the a d m i n i s t r a t o r put a t i c k i n the app rop r ia te g r i d c e l l s f o r 

the two elements which are subsumed by the emergent pole o f 

the c o n s t r u c t , ( the emergent pole being the end which descr ibes 

the p a i r ) and leaves the c e l l r e l a t i n g t o the s i n g l e t o n element 

blank. He then asks the s u b j e c t t o look a t the people named 

on a l l the other cards and c l a s s i f y them as being one or o ther 

end of h i s c o n s t r u c t . The admin is t r . ^ to r i n s e r t s t i c k a or 

leaves blank as app rop r i a t e . I f the sub jec t f i n d s i t 

imposs ib le t o place the element on e i t h e r the emergent po le or 

the i m p l i c i t po le , then the a d m i n i s t r a t o r i n s e r t s a c ross . 

The choices f o r the second row are recorded i n a s i m i l a r 

fash ion on the prepared g r i d m a t r i x . 

This whole process i s then repeated a f u r t h e r 15 or 20 t imes, 

w i t h groupings of th ree f i g u r e s being used as con tex ts f o r the 

c l i c i t a t l o n of cons t ruc t s - c o n s t r u c t s from the r e p e r t o i r e 

(hence the term r e p e r t o r y g r i d ) whic l i the sub jec t uses t o 

s t r u c t u r e h i s i n t e r - p e r s o n a l wor ld - The examiner t l i en has 

before him a g r i d o f t i c k s and blanks which fo rma l i ses and 

represents the i n t e r s e c t i o n o f va r i ous b i - p o l o r c o n s t r u c t 

dimensions w i t h var ious e x t e r n a l events ( i n t i i i s ins tance 

physics teachers) i n the s u b j e c t ' s l i f e . 

When t h i s s t y l e of g r i d complet ion i s used, a s imple form o f 

a n a l y s i s , c a l l e d matching scores, can be used. A matching 

score ma t r i x i s s i m i l a r t o a c o r r e l a t i o n ma t r i x i n which low 
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s c o r e s r e p r e s e n t p o s i t i v e a s s o c i a t i o n s . One o f t h e f i r s t 

v a r i a t i o n s i n t h e method o f g r i d c o m p l e t i o n o r i g i n a t e d f r o m 

K e l l y . I n t h e v a r i a t i o n he sugges ted t h a t , when a c o n s t r u c t 

d imens ion had been e l i c i t e d f r o m a s u b j e c t , t h e pe rson s h o u l d 

t h e n be a l l o w e d f reedom t o c l a s s i f y as many o r as few o f t h e 

o t h e r e lements i n v o l v e d , as he saw f i t , under each p o l e o f t h e 

c o n s t r u c t . T h i s p rocedu re p e r m i t s t h e appearance o f v e r y 

l o p s i d e d c o n s t r u c t s - c o n s t r u c t s where v e r y few e lemen ts a r e 

subsumed by one p o l e and many by t h e o t h e r . The p rob lem w i t h 

t h i s i s t h a t two c o n s t r u c t s may show a h i g h ma tch i ng w i t h each 

o t l i e r ( m a t c h i n g s c a l c u l a t e d by c o u n t i n g t h e numbers o f t i c k s 

c o i n c i d i n g w i t i i t i c k s , and b l a n k s w i t h b l a n k s i n a compar i son 

i n v o l v i n g any two rows) s u g g e s t i n g a p o s i t i v e a s s o c i a t i o n 

between t h e two c o n s t r u c t s . However, t h i s m a t c h i n g may be 

m i s l e a d i n g due t o t h e l o p s i d e d n e s s o f t h e response . 

Because o f t f i e p o s s i b i l i t y o f d e r i v i n g d i s t o r t e d e s t i m a t e s o f 

c o n s t r u c t r e l a t i o n s h i p s when t h e s u b j e c t i s a l l o w e d comp le te 

f reedom i n h i s c h o i c e o f e lements ( t o f i t one o r o t h e r p o l e o f 

any c o n s t r u c t ) , a.''d because o f t h e m a t h e m a t i c a l d i f f i c u l t i e s 

i n v o l v e d i n c o r r e c t i n g t hese b i a s e s , B a n n i s t e r (1959) 

sugges ted an a l t e r n a t i v e f o r m f o r e lemen t a lJ .otment . I n t h i s 

^ . i rm t h e s u b j e c t i s r e q u i r e d t o p l a c e h a l f t h e e lemen t sample 

a t t h e emergent p o l e o f each c o n s t r u c t and t h e o t h e r h a l f a t 

t h e i m p l i c i t p o l e . T h i s became known as t h e s p l i t - h a l f f o r m . 

(No t t o be con fused w i t h any s p l i t - h a l f r e l i a b i l i t y 

c o n s i d e r a t i o n wh ich i s n o t a p p l i c a b l e t o g r i d t h e o r y ) . As 

a l r e a d y s t a t e d , i n B a n n i s t e r ' s s p l i t h a l f f o r m , t h e s u b j e c t I s 
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r e q u i r e d t o place h a l f o f the elements a t the emergent pole o f 

each c o n s t r u c t , and those which are l e f t are supposedly 

a l l o t t e d t o the i m p l i c i t po le . Thus, c o n s t r u c t s , which K e l l y 

assumes t o be b a s i c a l l y dichotomous, must be used i n a s c a l a r 

f a s h i o n , s ince the sub jec t i s r e q u i r e d t o grade h i s elements 

t o achieve an equal apport ionment. He must decide which 

elements (people) show the va r i ous c h a r a c t e r i s t i c s s p e c i f i e d by 

each c o n s t r u c t most markedly. When the c o n s t r u c t s are being 

e l i c i t e d , t h i s procedure f o r element a l l o t m e n t necess i ta tes 

t h a t some c o n s t r u c t s be d iscarded, s ince some cannot be used 

r e a d i l y i n s c a l a r fash ion (e .g . male-female). t h i s procedure 

i s l i k e l y t o e l i m i n a t e g ross lyJops ided c o n s t r u c t s . This p r i o r 

s e l e c t i o n o f cons t ruc t s seems b e n e f i c i a l from the p o i n t o f view 

o f ga in ing l ess d i s t o r t e d es t imates o f c o n s t r u c t r e l a t i o n ­

s h i p s , bu t may w e l l r u l e out t he p o s s i b i l i t y o f e x p l o r i n g t he 

va r i ous f ea tu res o f c o n s t r u c t systems which may be assoc ia ted 

w i t h l ops ided c o n s t r u c t s . 

One immediate e f f e c t o f the s p l i t - h a l f method ( w i t h 20 

elements) i s t o r e s t r i c t the range o f matching scores t o 11 

p o i n t s (as opposed t o 21 i n the o r i g i n a l form) going up by 

steps o f 2, from 0 t o 20. 

I n a s p l i t - h a l f g r i d w i t h 20 elements, matching scores o f ̂  

and 16 are s i g n i f i c a n t a t the 1 per cent l e v e l , w h i l e matchings 

of 6 and lA^ have a p r o b a b i l i t y o f a s s o c i a t i o n a t the 12 per 

cent l e v e l . For most p r a c t i c a l purposes, matching scores 

between 8 and 12 can be regarded as w i t h i n the chance range. 
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T h i s v a r i a t i o n demands t h a t t h e s u b j e c t makes d e c i s i o n s on a 

b l a c k / w h i t e b a s i s and i s n o t g i v e n t h e f reedom t o p e r c e i v e 

shades o f g r e y . As such demands a r e l i k e l y t o c o l o u r 

responses i t becomes d i f f i c u l t t o j u s t i f y t h e use o f t h i s 

v a r i a t i o n . 

A f u r t h e r v a r i a t i o n wh i ch overcomes many o f t h e prob lems 

i n h e r e n t i n t h e s p l i t - h a l f method i s t h e rank o r d e r f o r m . 

Here, t h e s u b j e c t i s asked t o use h i s c o n s t r u c t s i n a more 

o v e r t l y s c a l a r f a s h i o n , and t o r a n k t h e e lements f r o m t h e one 

wh ich he c o n s i d e r s shows t h e p a r t i c u l a r c h a r a c t e r i s t i c ( i n d i ­

c a t e d by t h e emergent p o l e l a b e l ) most marked l y t o t h e one 

which shows i t l e a s t ( i . e . t h a t w h i c l i i s most c l e a r l y 

c h a r a c t e r i s e d by t h e c o n t r a s t p o l e ) . For example, he m i g h t 

rank t h e e lemen ts f r o m t h e most i n t e l l i g e n t t o t h e most s t u p i d . 

Any rank o r d e r c o r r e l a t i o n a l method can t h e n be used t o 

e s t i m a t e t h e degree o f s i m i l a r i t y i n e lemen t p lacement on any 

two c o n s t r u c t s . S ince c o r r e l a t i o n s a r e n o t l i n e a r l y r e l a t e d , 

t h e raw c o r r e l a t i o n e s t i m a t e s canno t s e r v e as s e r e s . 

C o n s t r u c t r e l a t i o n s h i p s c o r e s a r e c a l c u l a t e d by s q u a r i n g t h e 

c o r r e l a t i o n s and m u l t i p l y i n g by 100, t h u s p r o v i d i n g an 

e s t i m a t e o f p e r c e n t a g e varir.r.c.^. between t h e two c o n s t r u c t s 

r e p r e s e n t e d by two g r i d rows. Here, s i g n i f i c a n c e l e v e l s a r e 

c a l c u l a t e d i n t h e u s u a l manner f o r r a n k o r d e r c o r r e l a t i o n s , 

and, a g a i n , t h e same s i g n i f i c a n c e l i m i t s (degrees o f f reedom 

e q u a l l i n g number o f e lements minus one) can be s e t t o a p p l y t o 

t h e whole g r i d . Where n 10, t h e 5% l e v e l o f s t a t i s t i c a l 

s i g n i f i c a n c e ( o n e - t a i l ) i s reached w i t h a c o r r e l a t i o n o f 
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rho = + o r - 0,564. However, i n g r i d work, the re seems no 

good reason why the c o n v e n t i o n a l l y sacred l e v e l s o f 

s i g n i f i c a n c e should be g iven p a r t i c u l a r importance, s ince i t 

seems u n l i k e l y t h a t people, when us ing t h e i r c o n s t r u c t systems, 

on ly make dec is ions when the p r o b a b i l i t i e s o f e r r o r s are 5 i n 

100 or l ess I 

This v a r i a t i o n , w h i l s t r ep resen t i ng a d i s t i n c t improvement over 

the former, s t i l l f a i l s t o produce an improvement over the 

o r i g i n a l form which i s s i g n i f i c a n t enough t o m e r i t i t s 

adopt ion . The p r i n c i p l e o b j e c t i o n i n terms o f t h i s research 

comes from the demand t o rank the elements when i t i s 

conceivable t h a t on some c o n s t r u c t s t h e r e may w e l l be a b ias 

which should no t be hidden by fo rced r a n k i n g . W h i l s t the 

respondent has the freedom t o e l e c t twenty equal f i r s t , i t i s 

h i g h l y u n l i k e l y V.hat he would do so. Where t h i s v a r i a t i o n 

r e a l l y scores i s i n i t s c a p a b i l i t y t o g r e a t l y increase the 

a v a i l a b l e range o f scores i n any matching between element 

s e l e c t i o n s . 

There are an i n f i n i t e number o f v a r i a t i o n s t o sco r i ng r e p e r t o r y 

g r i d s ; those descr ibed are perhaps t he most w ide l y used. The 

t h i r d and f i n a l one t o be c^onsidered has been l ess used than 

e i t h e r the s p l i t - h a l f or rank order forms and y e t , as w i l l 

become ev iden t , e x h i b i t s the g r e a t e s t improvement i n 

f l e x i b i l i t y o f the t h r e e ! I t i s c a l l e d the r a t i n g form. 

When t h i s method i s i>sed f o r element a l l o t m e n t , the sub jec t i s 

asked t o r a t e each element on each c o n s t r u c t dimension. The 

sub jec t may be asked t o r a t e each element from "extremely" k i n d 
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t o " e x t r e m e l y " c r u e l . I f a seven p o i n t s c a l e i s used, t h e 

numbers 1 t o 7 may a r b i t r a r i l y i n d e x t h e amount o f t h e 

c h a r a c t e r i s t i c a t t r i b u t e d t o each e l e m e n t . A l t e r n a t i v e l y , 

i f o n l y one p o l e o f t h e c o n s t r u c t i s p r e s e n t e d , t h e s u b j e c t 

may be r e q u i r e d t o r a t e each e lement on a s c a l e r a n g i n g f r o m 

most k i n d t o l e a s t k i n d . The m i d - p o i n t r a t i n g can be used 

e i t h e r as an average p o s i t i o n , o r ( i f a p p r o p r i a t e i n s t r u c t i o n s 

a re g i v e n ) as a r a t i n g t o be g i v e n i n cases where t h e c o n s t r u c t 

d imens ion does no t p r o p e r l y subsume t h e e l emen t , i . e . t h e 

e lement may be o u t s i d e t h e range o f conven ience o f t h a t 

c o n s t r u c t . 

The r a t i n g method, on l o g i c a l grounds a t l e a s t ^ wou ld seem t o 

o f f e r a number o f advan tages . The s u b j e c t i s a l l ov /ed much o f 

t h e f reedom o f K e l l y ' s o r i g i n a l method, i n t h a t he can nominate 

any niimber o f cJ :;ment5 he chocscs f o r e i t h e r p o l e o f any 

c o n s t r u c t . l i e i s g i v e n t h e o p p o r t u n i t y o f making d i s t i n c t i o n s 

between peop le who, i n t h e o r i g i n a l methods, m i g h t r e c e i v e o n l y 

a u n i f o r m t i c k o r an e q u a l l y u n d i f f e r e n t i a t e d b l a n k - A l t h o u g h 

some f i n e n e s s o f g r a d i n g i s t h u s i n t r o d u c e d , i f f i v e - o r - s e v e n -

p o i n t s c a l e s a r e used, t h e amount o f d i f f e r e n t i a t i o n r e q u i r e d 

o f the s u b j e c t i s n o t as g r e a t as t h a t demanded by t h e r a n k i n g 

method. F u r t h e r m o r e , t h e s'.i'?jent may g i v e t h e same r a t i n g t o 

e lements wh ich m i g h t be a r t i f i c i a l l y s e p a r a t e d by t h e r a n k i n g 

method, where g e n e r a l l y no t i e s a re a l l o w e d , t hough t h e r e 

seems no good reason why t h e r a n k i n g method s h o u l d be l i m i t e d 

i n t h i s way. These two f e a t u r e s t o g e t h e r make i t p o s s i b l e 

f o r a s u b j e c t t o p l a c e a l l t h e e lemen ts a t one p o l e o f a 

c o n s t r u c t and y e t d i f f e r e n t i a t e between t i i e m . 
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As has been i l l u s t r a t e d the problem o f range o f convenience can 

be s p e c i f i c a l l y acknowledged and p a r t i a l l y so lved w i t h i n t h i s . 

type o f format . F u r t h e r , l ops ided c o n s t r u c t s need not be 

excluded from the g r i d examinat ion. The range o f poss ib l e 

s c o r i n g methods f o r t h i s g r i d form i s almost c e r t a i n l y g rea te r 

than f o r any o f t he o t h e r forms a l ready discussed. Matching 

scores o f the type obta ined i n K e l l y ' s o r i g i n a l method can 

s t i l l be d e r i v e d , and most c o r r e l a t i o n a l techniques can be used 

t o prov ide r e l a t i o n s h i p scores o f the type obta ined w i t h the 

rank order method. The aim throughout i s t o g i ve the sub jec t 

as much freedom as p o s s i b l e t o express h i s judgements and t o 

throw the onus o f f o r m a l i s i n g and q u a n t i f y i n g on t o p o s t - t e s t 

s t a t i s t i c a l p rocess ing. 

Any s i ze o f r a t i n g sca le may be acceptab le , though f i v e or 

seven p o i n t scal'-.s would seem to be most s a t i s f a c t o r y . The 

primary d i f f i c u l t y w i t h a seven p o i n t sca le i s g e t t i n g 

respondents t o use the whole o f the scale*, w h i l s t 7, ̂  and 1 

are e a s i l y i d e n t i f i e d as the emergent, cen t re and i m p l i c i t 

pole o f the c o n s t r u c t r e s p e c t i v e l y , the apporti.-tning o f 6, 5, 

3 and 2 i s d i f f i c u l t . I t i s f o r t h i s reason t h a t the author 

adopted a f i v e p o i n t sca le ..., 

5. The emergent po le o f the c o n s t r u c t . 

1 . The i m p l i c i t po le o f the c o n s t r u c t . 

3. The mid-po in t between emergent and i m p l i c i t po les. 

2 and e a s i l y i d e n t i f i e d as l e s s extreme tendencies t o 

one or o ther o f the two po les . 
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0. The score i n s e r t e d when the element cannot be inc luded 

on the c o n s t r u c t s c a l e . 

(The i n c l u s i o n o f 0 does not make t h i s sca le a 6 p o i n t 

sca le as '0* i m p l i e s t h a t t h e sca le i s i n a p p r o p r i a t e ) . 

I t should a lso be noted t h a t respondents w i l l be encouraged t o 

d e f i n e the emergent and i m p l i c i t poles d i f f e r e n t l y , and on l y 

r e v e r t t o the "black - not b l ack " type o f d i s t i n c t i o n when no 

other d e f i n i t i o n i s c l e a r l y e v i d e n t . 

This can be i l l u s t r a t e d by an example:-

Suppose the t r i a d cons is ted o f : -

i ) h imse l f 

i i ) the person t o whom he i s respons ib le 

i i i ) a person respons ib l e t o him. 

Two poss ib le cons t ruc t s a re 

E i t h e r : 

PAIR (emergent) ( i ) + ( i i i ) because t h e i r pr imary f u n c t i o n 

i s teach ing . (Score 5 each). 

SIKGLETON ( i m p l i c i t po le ) ( i i ) because h i s pr imary 

f u n c t i o n i s not t each ing . (Score 1 ) . 

Or: 

PAIR (emergent po le ) ( i ) + ( i i i ) because t h e i r pr imary 

f u n c t i o n i s teach ing . (Score 5 each). 

SINGLETON ( i m p l i c i t po le ) ( i i ) because h i s pr imary 

f u n c t i o n i s a d m i n i s t r a t i v e . (Score 1 ) . 



I n t h i s case the l a t t e r would be a b e t t e r construct^because 

not on ly does i t de f i ne the s i m i l a r i t y between the p a i r , i t 

c l e a r l y shows why the s i n g l e t o n i s d i f f e r e n t . 

A v a r i e t y o f s t a t i s t i c a l techniques are a v a i l a b l e f o r the 

a n a l y s i s of the ' r a t i n g v a r i a t i o n ' o f g r i d s ; the method adopted 

f o r a n a l y s i s i n t h i s research i s descr ibed i n paragraph 6.9. 

6.9.1. A number o f techniques are a v a i l a b l e f o r the a n a l y s i s o f g r i d s 

A l l the " c l u s t e r " approaches t o the a n a l y s i s o f g r i d data have 

as a main aim the e x t r a c t i o n o f the more simple f o rma l 

s t r u c t u r e which i s obscured by the d e t a i l o f the o r i g i n a l m a t r i x 

- they y i e l d a s imp le r p i c t u r e , w i t h the i nhe ren t v i r t u e s and 

v i c e s o f s i m p l i c i t y . A number o f computer programmes are 

a v a i l a b l e which a l l o w f o r the f a c t o r i a l analyses o f the g r i d s o f 

i n d i v i d u a l s or the averaged g r i d s o f groups. Amongst these are 

programmes f o r p r i n c i p a l component a n a l y s i s . This a n a l y s i s 

d e l i n e a t e s s i g n i f i c a n t o r thogona l s t r u c t u r e both o f c o n s t r u c t s 

i n r e l a t i o n t o elements, and o f elements i n r e l a t i o n t o 

c o n s t r u c t s . 

I n adopt ing a f i v e p o i n t r a t i n g sca le f o r the g r i d s obta ined i n 

t h i s research, the author i nc luded the f a c i l i t y t o use zero as 

a s i x t h p o i n t f o r those elements which cou ld no t , i n the view 

o f the respondent, be c l a s s i f i e d on the c o n s t r u c t . 

Binner (1958) and Gottesman (1962), i n s tudy ing K e l l y ' s n o t i o n 

of c o n s t r u c t p e r m e a b i l i t y , a l s o encouraged sub jec t s t o mark a 

zero i n the Rep t e s t when n e i t h e r emergent nor c o n t r a s t pole 
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c o u l d be a p p l i e d t o a f i g u r e . They used t h e sum o f a l l z e r o s 

i n a g r i d as a meosure o f t h e p e r m e a b i l i t y o f t h e c o n s t r u c t s 

i n v o l v e d . T h i s method o f e lement a l l o t m e n t i s s i m i l a r t o 

t h a t used by F j e l d and L a n d f i e l d (1961) and L a n d f i e l d ( 1 9 6 7 ) , 

b u t t h e s e w r i t e r s , l i k e Hess ( 1 9 5 9 ) , t h o u g h t t h a t t h e measures 

d e r i v e d were more r e l e v a n t t o K e l l y ' s c o n c e p t o f range o f 

conven ience t h a n t o p e r m e a b i l i t y . The a u t h o r a r g u e s , as 

B i n n e r and Gottesman d i d , t h a t when t h e z e r o s i n t h e whole 

g r i d a r e t o t a l l e d , i t i s i ndeed p e r m e a b i l i t y wh ich i s b e i n g 

i n v e s t i g a t e d ; however^-i f o n l y s i n g l e c o n s t r u c t s o r s m a l l g roups 

o f c o n s t r u c t s a r e c o n s i d e r e d t h e n i t becomes t h e range o f 

conven ience wh ich can be e s t i m a t e d by t h e number o f z e r o s . 

Of t h e programmes a v a i l a b l e t o a n a l y s e g r i d s , t h e a u t h o r 

s e l e c t e d a package deve loped by P a t r i c k S l a t e r w i t h f i n a n c e 

p r o v i d e d by t h e M e d i c a l Research C o u n c i l ( S l a t : - r 1 9 7 2 ) . T h i s 

programme has weaknesses, some o f wh i ch may be c o n s i d e r e d 

s e r i o u s . P a r t i c u l a r l y weak i s t h e a d o p t i o n o f t h e Pearson ' r ' 

s t a t i s t i c t o compute c o r r e l a t i o n c o i f i c i e n t s f r o m d a t a n o t 

w h o l l y i n d e p e n d e n t . The accep tance o f a programme w i t h 

p e r c e i v e d weaknesses i s j u s t i f i e d i n a v a r i e t y o f ways. A t 

t h e t i m e t h e d e c i s i o n had t o be made, a l t e r n a t i v e s e x h i b i t i n g 

fewer weaknesses were no t a v a i l a b l e . S ince then prograrrr..es 

such as Pegasus (Thomas 1977) o f f e r a more a c c e p t a b l e 

a l t e r n a t i v e . Resource l i m i t a t i o n s p r e c l u d e d t h e p o s s i b i l i t y 

o f d e v e l o p i n g a new g r i d a n a l y s i s package^and even i f such an 

a t t e m p t had been made t h e r e c o u l d be no g u a r a n t e e t h a t t h e 

p r o d u c t i o n d i d n o t e x h i b i t weaknesses i n o t h e r a r e a s . 



F i n a l l y , and perhaps most i m p o r t a n t , was t h e s t r e n g t h o f t h e 

S l a t e r package. W i t h o u t doubt i t d i d have weaknesses, h u t 

these were o f l e s s i m p o r t a n c e t h a n may be i m p l i e d f r o m t h e 

c r i t i c i s m l e v e l l e d a t t h e package by r e s e a r c h e r s i n t h e l a s t 

few y e a r s . T h i s i s e x e m p l i f i e d by t h e e x p e r i e n c e ga ined when 

t h e a u t h o r p r e s e n t e d a paper on t h e methodo logy t o an i n t e r ­

n a t i o n a l c o n f e r e n c e (Keen 1 9 7 7 ) . One d e l e g a t e s e v e r e l y 

c r i t i c i s e d t h e c o n c l u s i o n s drawn on t h e grounds t h a t t h e 

a n a l y s i s , based on S l a t e r ' s I n g r i d package, was i n v a l i d . The 

c r i t i c r e q u e s t e d t h e raw g r i d d a t a wh ich he r a n a g a i n s t h i s own 

g r i d a n a l y s i s package. There was no s i g n i f i c a n t d i f f e r e n c e 

between e i t h e r t h e e lement g r o u p i n g s nor c o n s t r u c t l o a d i n g s . 

C o n c l u s i o n s drawn f r o m t h e a l t e r n a t i v e a n a l y s i s were i d e n t i c a l 

i n eve ry r e s p e c t w i t h those drawn by t h e a u t h o r i n h i s o r i g i n a l 

paper . 

6.9.2. The S l a t e r g r i d a n a l y s i s package o f f e r s seven ma jo r 

a n a l y t i c a l programmes. The a u t h o r used two o n l y : calJ.ed 

INGUID and PREFAN. 

G r i d da ta i s o b t a i n e d by t h e e v a l u a t i o n o f a s e r i e s o f 

a t t r i b u t e s . So t h a t raw d a t a i s i n t h e f o r m o f a m a t r i x ( ^ j ^ j ) 

where any e n t r y a^^ r e f e r s t o t h e e v a l u a t i o n o f s t i m u l u s j and 

a t t r i b u t e i . I n a l l o f t h e progranmes t h e s t i m u l i a r e 

r e f e r r e d t o as e lements and t h e a t t r i b u t e s as c o n s t r u c t s i n 

common w i t h t h e t e r f T ) ( ) l o g y used t h r o u g h o u t t h i s t l i e s i s . 

The f i r s t programme d e v e l o p e d , and c e n t r a l t o t h e whole 

package, i s INGRID. T h i s programme i s an a d a p t a t i o n o f a 
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standard p r i n c i p a l components a n a l y s i s , b u t , i n a d d i t i o n , g i v e s 

i n f o r m a t i o n about the r e l a t i o n s h i p s between the elements, 

between the c o n s t r u c t s and t h e i r i n t e r - r e l a t i o n s h i p s . I t can 

be app l i ed on ly t o s i n g l e g r i d s . 

A group of g r i d s may be formed by one i n d i v i d u a l complet ing . 

g r i d s on a number of occasions, or by a group o f i n d i v i d u a l s 

complet ing g r i d s . The s u i t a b i l i t y o f t he programmes a v a i l a b l e 

f o r such analyses depends upon the degree o f a l ignment of the 

g r i d s . I n t h i s research the g r i d s were a l i g n e d by element 

but not by c o n s t r u c t . (Only 10 of the 20 elements were 

common t o a l l respondents and so a v a r i a b l e format card was 

used t o s e l e c t on ly the a l i g n e d elements when groups of g r i d s 

were compared). The programme used f o r groups o f g r i d s i s 

c a l l e d PREFAN. The appendix con ta ins s p e c i f i c i n f o r m a t i o n 

on the format i n which data i s presented. 

These programmes can be used t o analyse g r i d s w i t h not more 

than 30 elements or c o n s t r u c t s per g r i d , so the 20 x 20 format 

adopted by the author i s acceptable f o r the package. 

The programme w i l l analyse any number o f i n d i v i d u a l g r i d s one 

a f t e r another i n sequence. The elements may be ranked r.? 

graded i n terms o f t he c o n s t r u c t s . Grading may be 

dichotomous, i . e . on an a l l - o r - n o n e s c a l e , as favoured by 

o r i g i n a l form of K e l l y g r i d s ; or on a 7-po in t s c a l e , (as 

favoured by users o f Osgood 'semantic d i f f e r e n t i a l ' ) or on 

percentage sca les , or on 5-point scales as i n t h i s research. 

Whatever the r a t i n g system adopted f o r e v a l u a t i n g t he elements, 
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i t should be maintained f o r a l l the c o n s t r u c t s i n t he same 

g r i d , and a l l the c o n s t r u c t s should i n c l u d e a l l the elements i n 

t h e i r range o f convenience. For i ns tance , i f rank ing i s used 

a l l the elements must be ranked i n terms o f each o f the 

c o n s t r u c t s . Ranking reduces t o grading when t i e s are 

allov^ed; t h a t i s t o say, g r i d s w i t h t i e d ranks a re analysed 

as graded. 

Each g r i d i s in t roduced by a p i l o t card g i v i n g , among o ther 

i n f o r m a t i o n , the number o f c o n s t r u c t s and elements, the r a t i n g 

system used and the op t i ons se lec ted f o r the o u t p u t . So g r i d s 

w i t h d i f f e r e n t numbers, systems and op t i ons can be i nc l uded i n 

the same sequence. P r i n c i p a l component a n a l y s i s i s 

i nco rpo ra ted . There i s a se t o f t a b l e s a t the end of the 

o u t p u t , d e f i n i n g the r e l a t i o n s h i p s among the elements, and 

between the c o n s t r u c t s and the elements i n terms o f d i r e c t i o n 

cosines mathemat ica l ly e q u i v a l e n t t o c o r r e l a t i o n c o e f f i c i e n t s c 

Thus a l l the assoc ia t i ons among the c o n s t r u c t s and the 

elements are expressed i n comparable terms and can be assembled 

and presented i n a s i n g l e t a b l e . 

The mean and the t o t a l v a r i a t i o n , i . e . the sam o f squares o f 

d e v i a t i o n s from the mean, are c a l c u l a t e d f o r each c o n s t r u c t ; 

the grand t o t a l o f the v a r i a t i o n f o r a l l the c o n s t r u c t s (V) i s 

accumulated; and the percentage c o n t r i b u t e d by each c o n s t r u c t 

t o V i s de r i ved . 

I f the respondent i s app l y i ng the same grad ing sca le 

c o n s i s t e n t l y w i t h a l l the c o n s t r u c t s , the means, t o t a l s and 
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percen tages per c o n s t r u c t w i l l n o t d i f f e r g r e a t l y . 

T h e o r e t i c a l l y i t may seem r e a s o n a b l e t o suppose t h a t t h e 

c o n s t r u c t s i n te rms o f wh i ch t h e responden t can d i s c r i m i n a t e 

b e t t e r between t h e e lements w i l l be t h e ones wh ich w i l l have 

t h e l a r g e r t o t a l s and p e r c e n t a g e s ; b u t i n p r a c t i c e t h e ones 

w i t h t h e l a r g e r t o t a l s may t u r n o u t t o be t h o s e where t h e 

responden t d i s c r i m i n a t i o n i s c r u d e r . Elements may t h e n be 

pushed o u t t o one ex t reme o f t h e c o n s t r u c t s c a l e o r t h e o t h e r 

and no f i n e r d i s t i n c t i o n s made - seen f o r i n s t a n c e as b l a c k o r 

w h i t e w i t h no i n t e r m e d i a t e shades o f g r e y . Gross d i f f e r e n c e s 

between means, t o t a l s and p e r c e n t a g e s a r e e v i d e n c e s t h a t t h e 

same g r a d i n g s c a l e i s n o t b e i n g a p p l i e d c o n s i s t e n t l y w i t h a l l 

t h e c o n s t r u c t s . 
> 

The r e s e a r c h e r must d e c i d e whether t o r e t a i n such d i f f e r e n c e s 

between t h e c o n s t r u c t s i n t h e l a t e r s t ages o f t h e a n a l y s i s o r 

t o e l i m i n a t e them by h a v i n g t h e c o n s t r u c t s n o r m a l i s e d , i . e . 

r e s c a l e d so t h a t t hey each have t h e i r t o t a l v a r i a t i o n pu t 

e q u a l t o u n i t y . The c h o i c e t o n o r m a l i s e a l l s c o r e s , a t t h i s 

s t a g e , i n t h i s res'-^arch was based on p i l o t i n g e x p e r i e n c e wh i ch 

i n d i c a t e d i n c r e a s e d f a c e v a l i d i t y when n o r m a l i s i n g was under­

t a k e n . Respondents who used t h e g r a d i n g s c a l e c o n s i s t e n t l y 

f o r a l l t h e i r c o n s t r u c t s d i f f e r f r o m one a n o t h e r i n t h e way 

t h e y used i t . Some a v o i d e d b o t h ex t remes on e v e r y s c a l e ; 

some g r a v i t a t e d towards one p o l e t o a v o i d t h e o t h e r ; some 

f a v o u r e d t h e ext remes and a v o i d e d t h e m i d p o i n t . Such 

d i f f e r e n c e s between r e s p o n d e n t s may be d e s c r i b e d by measures o f 

b i a s and v a r i a b i l i t y . 
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B i a s i n c r e a s e s when more e lemen ts a r e r e f e r r e d t o one p o l e o f 

a c o n s t r u c t t h a n t h e o t h e r . The d i f f e r e n c e between t h e mean 

f o r t h e c o n s t r u c t and t h e m i d p o i n t o f t h e g r a d i n g s c a l e 

measures t h e amount and d i r e c t i o n o f t h e b i a s i n i t . The 

d i r e c t i o n canno t be t r e a t e d as t h e same i n a l l t h e c o n s t r u c t s , 

s i n c e t h e y d i s t i n g u i s h between t h e e lements i n d i f f e r e n t ways, 

bu t t h e amount o f t h e b i a s can be accumu la ted f o r a l l o f them 

and expressed as a s t a n d a r d d e v i a t i o n . 

A v a r i a n c e r a t i o may be c a l c u l a t e d f r o m t h i s measure and th.e 

measure o f v a r i a b i l i t y , t o t e s t whe the r t h e amount of b i a s i s 

s i g n i f i c a n t . Us ing b f o r b i a s and v f o r v a r i a b i l i t y 

F = m ( b / v ) ^ 

where m i s t h e number o f e l e m e n t s . F i s e n t e r e d i n a t a b i c o f 

v a r i a n c e r a t i o s , t a k i n g i t s degrees o f f reedom as m and n̂  (m-1) 

r e s p e c t i v e l y , where n̂  i s t h e number o f c o j i s t r u c t s . 

The t e s t may n o t t h r o w mucii l i g h t , on t h e p s y c h o l o g i c a l 

i n t e r p r e t a t i o n o f t h e o b s e r v a t i o n ^ a s e v i d e n c e f rom a n o t h e r 

c l o s e l y r e l a t e d measure i n d i c a t e s t h a t a s i g n i f i c a n t degree o f 

b i a s i s n o r m a l . 

V a r i a b i l i t y i n c r e a s e s t h e more w i d e l y t l i e e lements a r e 

c o n t r a s t e d on t h e g r a d i n g s c a l e . I t reaches i t s maximum when 

t h e e lements a re e v e n l y ba lanced a t t h e o p p o s i t e p o l e s . The 

amount t h a t a c t u a l l y o c c u r s i n a g r i d i s measured by t h e 

s t a n d a r d d e v i a t i o n o f t h e g rades abou t t h e c o n s t r u c t means. 

I f t h e r e i s any c o n s t r u c t i n t h e g r i d where e v e r y e lemen t has 

been p u t i n t h e same g rade , i t i s d i s c a r d e d . 
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The breakdown of the t o t a l v a r i a t i o n about the c o n s t r u c t means, 

V, i n t o i t s s u b t o t a l s per c o n s t r u c t i s the f i r s t o f many g iven 

i n the p r i n t - o u t . A breakdown by element i s g i ven , as i s a 

breakdown by component. Indeed, the r e s u l t s o f every stage i n 

the a n a l y s i s serve d i r e c t l y or i n d i r e c t l y t o p rov ide breakdowns 

o f V, by c o n s t r u c t by component, by element by component, e t c . . 

When rank ing i s used, a l l the c o n s t r u c t s have the same mean, 

namely (m + 1 ) /2 where m i s the number o f elements; and the 

same v a r i a t i o n , (m'̂  - m)/12. So the re i s no need f o r t h e i r 

values t o be repeated ly l i s t e d f o r each c o n s t r u c t and no 

i n d i v i d u a l d i f f e r e n c e s i n b ias or v a r i a b i l i t y are observable. 

The ou tpu t f o r ranked data and the t o t a l v a r i a t i o n about the 

c o n s t r u c t means, V, i s a v a i l a b l e toge the r w i t h the t o t a l per 

c o n s t r u c t . 

Before the a n a l y s i s i s c a r r i e d any f u r t h e r , the o r i g i n a l g r i d 

i s rep laced by a t a b l e o f d e v i a t i o n s from the c o n s t r u c t means, 

D, which i s not p r i n t e d ou t . I t may be v i s u a l i s e d as a t a b l e 

w i t h a row f o r evei-y c o n s t r u c t and a column f o r every element. 

The sum o f the e n t r i e s i n every row i s 0.0. The sum o f t h e i r 

squares per row i s d isp layed i n t he p r i n t out when rank ing has 

been used or the o p t i o n t o normal ise the c o n s t r u c t s has been 

taken. Otherwise the sum o f squares f o r each c o n s t r u c t , i . e . 

f o r each row o f D, remain unchanged. For the c o r r e l a t i o n s 

the var iances o f the c o n s t r u c t s must be normal ised. Thus, 

g e o m e t r i c a l l y speaking the c o n s t r u c t s are a l l assigned 

l o c a t i o n s a t an equal d is tance from a common o r i g i n , and d i f f e r 
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o n l y i n b e i n g p l a c e d i n d i f f e r e n t d i r e c t i o n s away f r o m i t . 

They l i e on t h e s u r f a c e o f a hype rsphe re^and t h e d i f f e r e n c e 

between any two o f them can be exp ressed as an a n g u l a r o r 

c i r c u m f e r e n t i a l d i s t a n c e : t h e a n g l e t h e y sub tend a t t h e c e n t r e 

An a n g l e o f 0° c o r r e s p o n d s w i t h a c o r r e l a t i o n o f + 1.0. I t 

i m p l i e s t h a t t h e c o n s t r u c t s a re l o c a t e d a t t h e same p o i n t on 

t h e h y p e r s p h e r e . An ang le o f 90^ c o r r e s p o n d s w i t h a 

c o r r e l a t i o n 0,0. I t i m p l i e s t h a t t h e c o n s t r u c t s a r e 

independen t o f one a n o t h e r . An a n g l e o f 180° c o r r e s p o n d s 

w i t h a c o r r e l a t i o n o f - 1.0. The two c o n s t r u c t s a r e l o c a t e d 

d i a m e t r i c a l l y o p p o s i t e one a n o t h e r : one p r o v i d e s t h e same 

s c a l e o f measurement as t i i e o t h e r , b u t i n r e v e r s e . I n some 

c o n t e x t s i t i s an advantage t o c o n s i d e r t h e a n g u l a r d i s t a n c e s 

between c o n s t r u c t s r a t h e r t h a n t h e i r c o r r e l a t i o n s : t h e 

average o f a s e t o f a n g l e s i s i t s e l f an ang le^whereas the 

average o f a s e t o f c o r r e l a t i o n s i s n o t i t s e l f a c o r r e l a t i o n . 

So t h e a n g l e c o r r e s p o n d i n g t o each c o r r e l a t i o n i s p r i n t e d o u t 

a l o n g s i d e i t . Such measurements can be used f o r compar ing 

g r i d s . For i n s t a n c e i t wou ld be p o s s i b l e t o compare t h e 

average a n g u l a r d i s t a n c e s between t h e c o n s t r u c t s ' l i k e me as I 

am' and ' l i k e I would l i k e t o be' i n t h e g r i d s o f r e s p o n d e n t s 

f rom d i f f e r e n t c l a s s e s , w i t h o u t n e c e s s a r i l y u s i n g a s t a n d a r d 

s e t o f e lements f o r e v e r y g r i d o r k e e p i n g t h e o t h e r c o n s t r u c t s 

t h e same. 

The e n t r i e s r e f e r r r i n g t o each e lement i n t h e t a b l e o f 

d e v i a t i o n s , i . e . t h e e n t r i e s i n each column o f D̂, a r e summed, 

and so a re t h e i r squa res . The r e s u l t s a r e l i s t e d . The 
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c u m u l a t i v e t o t a l o f a l l t h e sums o f squares i s a l s o p r i n t e d o u t 

g i v i n g t h e v a l u e o f V, i f i t was no t g i v e n p r e v i o u s l y because 

r a n k i n g was used o r i f i t was r e d e f i n e d by n o r m a l i s a t i o n . 

A l l t h e c o n s t r u c t s have t h e same t o t a l v a r i a t i o n under r a n k i n g 

o r n o r m a l i s a t i o n , namely V/r\, where n_ i s t h e number o f 

c o n s t r u c t s . The t o t a l s per e lement a r c a l s o exp ressed as 

percen tages o f V, and l i s t e d w i t h t h e e lement t o t a l s , o p p o s i t e 

t h e e lement number. 

The sums o f squares f o r d i f f e r e n t e lements may v a r y w i d e l y . A 

s m a l l sum o f squares i m p l i e s t h a t t h e i n f o r m a n t ' s a t t i t u d e 

towards t h e e lement i s i n d i f f e r e n t : he has r a t e d i t n c i t l i e r 

h i g h nor low b u t near t h e mean on a l l t i i e c o n s t r u c t s . 

Conve rse l y i f t h e sum o f squares i s l a r g e t h e e lemen t must be 

an imporLan t one i n t h e s u b j e c t ' s c o n s t r u c t sys tem, whether h i s 

a t t i t u d e towards i t i s c o n s i s t e n t l y f a v o u r a b l e o r c o n s i s L e n t l y 

u n f a v o u r a b l e , o r f a v o u r a b l e i n some r e s p e c t s and u n f a v o u r a b l e 

i n o t h e r s . A l a r g e range o f p o s i t i v e and n e g a t i v e q u a n t i t i e s 

among t h e t o t a l s i-id.w:ates a s i m p l e c o n s t r u c t sys tem where a l l 

t h e c o n s t r u c t s t e n d t o g i v e c o n v e r g e n t r e s u l t s ; a l l r u n n i n g , 

f o r i n s t a n c e , f r o m h i g h t o low a l o n g a common e v a l u a t i o n s c a l e , 

But a nar row range does n o t n e c e s s a r i l y i n d i c a t e a much more 

c o m p l i c a t e d system: t h e c o n s t r u c t s may a l l s t i l l r e l a t e t o a 

common s c a l e , o n l y w i t h some r u n n i n g i n t h e o p p o s i t e d i r e c t i o n 

t o t h e o t h e r s . I n e i t h e r case , t h e e lemen ts w i l l d i f f e r f r o m 

one ano the r m a i n l y i n one d i m e n s i o n , wh i ch w i l l be t h e major 

a x i s o f t h e c o n s t r u c t sys tem. T h e i r d i s t r i b u t i o n a l o n g t h e 

a x i s must a lways be b a l a n c e d abou t a c e n t r a l p o i n t , bu t o t h e r -
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wise i t may t a k e on any f o r m : i t i s n o t a t a l l u n u s u a l t o f i n d 

many e lements c l u s t e r e d a t one end o f an a x i s b a l a n c i n g a few 

o r o n l y one a t t h e o t h e r . I n a more c o m p l i c a t e d c o n s t r u c t 

sys tem. the e lements may sp read o u t f r o m t h e c e n t r a l p o i n t i n 

s e v e r a l d i r e c t i o n s , t h e l e s s i m p o r t a n t i n d i v i d u a l l y r e m a i n i n g 

c l o s e s t t o t h e c e n t r e and t h e more i m p o r t a n t s p r e a d i n g f u r t h e r 

away. And t h e d i s t a n c e o f an e lement f r o m t h e c e n t r e i s a 

f u n c t i o n ( t h e square r o o t ) o f i t s sum o f s q u a r e s . I f one 

s a l i e n t e lement i s s h a r p l y d i s t i n g u i s h e d f r o m t h e r e s t , t h e 

c o n t r a s t between i t and them may w e l l f o r m t h e most i m p o r t a n t 

a x i s i n t h e c o n s t r u c t sys tem. For b e t t e r o r worse i t s e t s t h e 

s c a l e o r s t a n d a r d a c c o r d i n g t o wh ich t l i e r e s t a r e j u d g e d ; t h u s 

t r e n d - s e t t i n g has been used t o d e s c r i b e i t . Where such a 

phenomenon o c c u r s , compar ing t h e c l e m c i i t s w i l l e v i d e n t l y 

p r o v i d e a s i m p l e and c l e a r e r i n t e r p r e t a t i o n o f t h e g r i d s t h a n 

compar ing t h e c o r - s t r u c t s . However, i n e v e r y g r i d b o t h modes 

o f i n t e r p r e t a t i o n a re admissab le and may o f t e n be combined w i t h 

advantage. 

The d i s t a n c e s between p a i r s o f e lements a re w o r t h exam in ing as 

w e l l as t h e i r i n d i v i d u a l d i s t a n c e s f r o m t h e c e n t r e . I t i s 

here t h a t ev i dence o f c l u s t e r i n g o r i s o l a t i o n w i l l be f o u n d . 

The expec ted d i s t a n c e betwecr. two e lements drawn f r o m a 

c o n s t r u c t system a t random can be shown t o be t h e squa re r o o t 

o f {?,y/{m - 1 ) . T h i s q u a n t i t y i s d i s p l a y e d i n t h e p r i n t o u t , 

and t h e observed d i s t a n c e s between a l l p o s s i b l e p a i r s o f 

e lements a r e comparcc w i t h i t and d i s p l a y e d i n a t a b l e o f 

d i s t a n c e s between e l e m e n t s • Observed d i s t a n c e s exp ressed 

p r o p o r t i o n a t e l y t o t h e u n i t o f expec ted d i s t a n c e w i l l v a r y 
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about 1 f o r a l ower l i m i t a t 0 t o an upper l i m i t a t t h e 

square r o o t o f m - 1 . As t h i s exceeds 2 when m i s ove r 5, 

one m i g h t expec t t h e i r d i s t r i b u t i o n t o be skewed, and 

p r o g r e s s i v e l y more so as m i n c r e a s e s ; b u t t h e e f f e c t i s 

s c a r c e l y n o t i c e a b l e . The upper l i m i t can o n l y be reached 

when t h e e n t i r e g r i d i s concerned w i t h t h e c o n t r a s t between 

two e l e m e n t s , l e a v i n g t h e r e s t i n t h e m i d d l e . 

D i s t a n c e s can be used f o r compar ing g r i d s i n t h e same way t h a t 

a n g u l a r d i s t a n c e s were f o r m e r l y used. 'Myse l f as I am' and 

'Myse l f as I would l i k e t o be' c a n . f o r i n s t a n c e ; b e used as 

e l C t T i C n t s i n s t e a d o f t h e c o r r e s p o n d i r . g c o n s t r u c t s ment ioned 

above. And t h e n t h e average d i s t a n c e between t l i e two e lements 

c o u l d be used f o r compar ing g r o u p s , w i t h o u t n e c e s s a r i l y 

s t a n d a r d i s i n g a l l t h e o t h e r s p e c i f i c a t i o n s o f the e x p e r i m e n t a l 

g r i d s . 

I n t h e cou rse o f c a l c u l a t i n g t h e sums o f squares f o r t h e 

e lements and t h e d i s t a n c e s between themythe squares and 

p r o d u c t s o f t h e d e v i a t i o n s i n _D a r e summed by e l ? ^ c r ; t t o f o r m 

an m by m c o v a r i a n c e m a t r i x D'D. I t i s o f no d i r e c t i n t e r e s t 

f o r i n t e r p r e t i n g t h e g r i d ^ b u t i t i s t e c h n i c a l l y i m p o r t a n t as a 

c e n t r a l p a r t o f t h e a n a l y s i s . As w e l l as b e i n g t h e source o f 

some o f t h e p r e v i o u s l y s t a t e d r e s u l t s , i t i s t h e m a t r i x t o 

Wi ich t h e p r i n c i p a l component a n a l y s i s i s a c t u a l l y a p p l i e d . 

L i k e t h e g r i d f r o m wh i ch i t was o b t a i n e d , t h e t a b l e o f 

d e v i a t i o n s , D, has a row f o r e v e r y c o n s t r u c t and a column f o r 

eve ry e lement . The t y p i c a l e n t r y i n i t , say t h e one i n row 1 , 
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column 3, i s t h e d i f f e r e n c e between t h e r a t i n g ( g r a d e o r r a n k ) 

a s s i g n e d t o c lement 3 i n t e rms o f c o n s t r u c t I , and t h e mean 

r a t i n g o f a l l t h e e lements i n te rms o f !• I f t h e g r i d shows 

t h e r a t i n g s o f m e lemen ts i n te rms o f c o n s t r u c t s , i s a 

t a b l e w i t h rows and m columns; and i n e v e r y row under e v e r y 

column t h e r e i s an e n t r y , w h i c l i i s a number e x p r e s s i n g t h e 

d i f f e r e n c e between t h e mean r a t i n g and t h e r a t i n g f o u n d f o r 

t h e e lement on t h e c o n s t r u c t conce rned . I t i s p o s i t i v e i f t h e 

r a t i n g f o r t h e e lement i s above t h e mean, n e g a t i v e i f be low. 

The sum o f t h e e n t r i e s i n each row i s 0.0,, as e x p l a i n e d 

e a r l i e r , and t h e sum o f t h e squcires o f a l l t h e e n t r i e s i n a l l 

t h e rows i s V, 

I n terms o f C a r t e s i a n geomet ry , t h e column o f e n t r i e s f o r an 

element g i v e s i t s l o c a t i o n i n a space where t h e r e i s an a x i s 

f o r e v e r y c o n s t r u c t , so t h e comp le te t a b l e d e - i n e s t ; i e 

d i s p e r s i o n o f t h e e lements as a s c a t t e r o f n p o i n t s i n t h e 

c o n s t r u c t - s p a c e , wh ich has n_ d i m e n s i o n s . The t a b l e can a l s o 

be read by row: t h e e n t r i e s f o r a c o n s t r u c t l o c a t e i t as a 

p o i n t i n a space w i t h an a x i s f o r e v e r y c l e m e n t , so t h e 

comp le te t a b l e a l s o d e f i n e s t h e d i s p e r s i o n o f t h e c o n s t r u c t s 

as a s c a t t e r o f n_ p o i n t s i n an m - d i m e n s i o n a l e lement -space . 

The two v iews a re s t r i k i n g l y d i f f e r e n t a l t h o u g h t h e y a r e b:''.r\ 

o f t h e same d a t a . 

P r i n c i p a l component a n a l y s i s i s c o n s i s t e n t w i t h b o t h v iews o f 

t h e d a t a . I t p r o v i d e s a common c o - o r d i n a t e sys tem f o r t h e two 

d i s p e r s i o n s , and t h u s e s t a b l i s h e s t h e c o n n e c t i o n between t h e two 

t e c h n i q u e s . I t s most i m p o r t a n t advan tage , however, i s 
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d i f f e r e n t : the components form an ordered s e r i e s , each 

account ing f o r an independent p a r t o f the t o t a l v a r i a t i o n from 

the l a r g e s t t o the l e a s t . I n t h i s respect p r i n c i p a l component 

ana l ys i s i s unique. No axes, o ther than those of t h e 

components, can be used t o analyse the t o t a l v a r i a t i o n i n t h i s 

o r d e r l y way; any r o t a t i o n o f the axes s a c r i f i c e s t he 

advantage. 

I f the elements are given s i m i l a r r a t i n g on a l a r g e number o f 

the c o n s t r u c t s , the main d i f f e r e n c e s between them can be shown 

on a s i n g l e sca le . The i r measurements on i t can be found by 

adding t h e i r r a t i n g s on the c o n s t r u c t s i n c e r t a i n p r o p o r t i o n s . 

The scale which shows the g r e a t e s t amount o f v a r i a t i o n i s the, 

a x i s o f the f i r s t component. The amount o f v a r i a t i o n shoivn on 

i t i s g iven by the LATENT ROOT, which i s a sum of squares 

account ing f o r p a r t o f the t o t a l v a r i a t i o n about the c o n s t r u c t 

means, V. The p r o p o r t i o n s i n which the r a t i n g s f o r an element 

on the c o n s t r u c t s should be combined t o o b t a i n i t s measurement 

on the sca le o f the component are g iven by a se t o f c o e f f i c i e n t s , 

one f o r each of the c o n s t r u c t s , and c a l l e d the c o n s t r u c t v e c t o r . 

The measurements themselves are l i s t e d as element l o a d i n g s . 

This i s not the only way o f cons ide r i ng the r e s u l t s . The 

importance of d i s t i n g u i s h i n g between c e r t a i n elements or groups 

of elements may govern the in fo rmant ' s choice and use of the 

cons t ruc t s inc luded i n the g r i d . So i t i s j u s t as reasonable 

t o r e l a t e a component d i r e c t l y t o the elements and d e f i n e i t i n 

terms of an element v e c t o r , from which c o n s t r u c t l oad ings can 

be de r i ved . 



A p r i n c i p a l component i s c o m p l e t e l y d e f i n e d by i t s l a t e n t r o o t , 

i t s c o n s t r u c t v e c t o r and i t s e lement v e c t o r . 

The l a t e n t r o o t i s a s i n g l e n u m e r i c a l q u a n t i t y w h i c h must be 

p o s i t i v e o r z e r o ; and t h e sum o f t h e l a t e n t r o o t s o f t h e 

components i s e q u a l t o V, 

The c o n s t r u c t v e c t o r i s a s e t o f c o e f f i c i e n t s , one f o r each o f 

t h e c o n s t r u c t s - I t i s l i s t e d i n a co lumn. The c o e f f i c i e n t s 

a r e n o r m a l i s e d , t h a t i s t o say , s c a l e d so t h a t t h e sum o f t h e i r 

squares equa l s 1.0. 

The e lement v e c t o r , s i m i l a r l y , i s a n o r m a l i s e d s e t o f 

c o e f f i c i e n t s , one f o r each e lemen t . I t i s aJso l i s t e d i n a 

column i n t h e p r i n t - o u t , though t h e r e a re c o n t e x t s i n wh ich i t 

needs t o be t r e a t e d as a row o f numbers. 

The e lement l o a d i n g s f o r a component can be o b t a i n e d f r om t h e 

e lement v e c t o r by m u l t i p l y i n g t h e c o e f f i c i e n t s by t h e square 

r o o t o f t h e l a t e n t r o o t ; and m u l t i p l y i n g t i ^ e c o e f f i c i e n t s i n 

t h e c o n s t r u c t v e c t o r by t h e same q u a n t i t y g i v e s t h e c o n s t r u c t 

l o a d i n g s . A l t l i o u g h , v e c t o r s and l o a d i n g s a r e r e l a t e d i n t h i s 

s i m p l e way t hey a re b o t h p r i n t e d o u t as they a r e each 

p a r t i c u l a r l y c o n v e n i e n t f o r s p e c i a l pu rposes . I f t h e f i r s t 

component accounted f o r a l l t h e v a r i a t i o n i n £ t h e e n t r y i n row 

1 , column 3 would be e x a c t l y e q u a l t o t h e p r o d u c t o f t hvee 

t e r m s : t h e c o e f f i c i e n t o f c o n s t r u c t I g i v e n i n t h e c o n s t r u c t 

v e c t o r ; t h e c o e f f i c i e n t o f e lement 3 g i v e n i n t h e e lement 

v e c t o r ; and the square r o o t o f t h e l a t e n t r o o t o f t h e 

component. So t h e d i f f e r e n c e s between t h e observed and t h e 

computed v a l u e s o f t h e e n t r i e s i n D, t h a t i s t o say t h e 
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r e s i d u a l d e v i a t i o n s , would a l l be 0.0. And t h e sum o f t h e 

squares o f t h e computed v a l u e s would be e x a c t l y e q u a l t o t h e 

sum o f squares o f t h e observed v a l u e s , namely V. I n g e n e r a l , 

o f c o u r s e , t h e f i t i s no t e x a c t . A l t h o u g h t h e s p e c i f i c a t i o n s 

o f t h e f i r s t components a re chosen t o accoun t f o r as much as 

p o s s i b l e o f t h e observed v a r i a t i o n i n D, some non-zero 

r e s i d u a l s a r e a lmos t s u r e t o be l e f t . They f o r m a t a b l e , 

D ( l ) , w i t h j i rows and m columns as b e f o r e , i n c l u d i n g any z e r o 

v a l u e s . The sum o f t h e i r squa res , denoted V ( l ) , i s t h e 

r e s i d u a l amount o f V n o t a t t r i b u t a b l e t o t h e f i r s t component. 

A second component may then be computed t o accoun t f o r t h e 

r e s i d u a l s i n 0 ( 1 ) . L i k e t h e f i r s t , i t i s s p e c i f i e d by an 

e lement v e c t o r , a c o n s t r u c t v e c t o r and a l a t e n t r o o t . 

Element l o a d i n g s and c o n s t r u c t l o a d i n g s a r e a l s o o b t a i n e d by 

r e - s c a l i n g t h e v e c t o r s so t h a t t h e sums o f t h e : r squares e q u a l 

t h e l a t e n t r o o t . The second component reduces V ( l ) as f a r as 

p o s s i b l e , namely t o V ( 2 ) , wh ich may s t i l l n o t be z e r o . I n 

t h a t case a second t a b l e o f r e s i d u a l d e v i a t i o n s D ( Z ) , w i l l 

s t i l l be l e f t , i n c l u d i n g some non-zero e n t r i e s ; and t h e 

a n a l y s i s w i l l c o n t i n u e . 

Three, f o u r o r a good many more components may be needed t e 

comp le te an e x h a u s t i v e a n a l y s i s - But i t i s unusua l t o f i n d 

much v a r i a t i o n l e f t i n an i n d i v i d u a l g r i d a f t e r t h r e e 

components have been e x t r a c t e d . Perhaps because peop le see 

t h e w o r l d abou t them i n a t h r e e - d i m e n s i o n a l space f o e i r 

c o n s t r u c t systems e x t e n d i n g ove r t h e same range o f conven ience 

do no t u s u a l l y a f f o r d much more than t h r e e d i m e n s i o n s f o r t h e 
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r e l a t i v e e v a l u a t i o n o f one s e t o f e l e m e n t s . Osgood i s d e e p l y 

commi t ted t o a p a r t i c u l a r f o r m u l a t i o n o f t h e o p i n i o n t h a t 

e v a l u a t i v e systems a r e t h r e e - d i m e n s i o n a l (Osgood 1963 ) . 

The t o t a l number o f p o s i t i v e components, t_, i s l i m i t e d by t h e 

number o f c o n s t r u c t s and t h e number o f e lemen ts i n t h e g r i d . 

When t h e g r i d i s r e p l a c e d by t h e t a b l e o f d e v i a t i o n s f r om t h e 

c o n s t r u c t means, D, t h e d i s p e r s i o n o f t h e e lements i s ba lanced 

about i t s c e n t r a l p o i n t . I f t h e r e a r e o n l y two e lements t h e i r 

r e l a t i v e p o s i t i o n s w i l l be d e f i n e d by two p o i n t s on a s t r a i g h t 

l i n e w i t h t h e c e n t r a l p o i n t midway between them. The 

r e l a t i v e p o s i t i o n s o f t h e p o i n t s f o r t h r e e e lements can be 

shown on a s u r f a c e o f two d imens ions a t most, and so on. 

Thus the maximum number o f d imens ions i n t o wh ich a d i s p e r s i o n 

o f m e lements can e x t e n d i s m - 1 . And on t h e o t h e r hand as 

t h e number o f c o n s t r u c t s i s in, t h e c o n s t r u c t - s p a c c canno t have 

more t h a n n_ d i m e n s i o n s . So t h e d i s p e r s i o n o f t h e e lements i n 

t h e c o n s t r u c t - s p a c e canno t ex tend i n t o more t h a n n d i m e n s i o n s , 

even i f m i s g r e a t e r t h a n n. 

The c o n s t r u c t v e c t o r o f t h e ma jor component s p e c i f i e s t h e 

d imens ion w i t h i n t h i s space where most o f t h e v a r i a t i o n 

between t h e e lements o c c u r s ; t h e v e c t o r o f the second, t h e 

d imens ion where most o f t h e r e m a i n i n g v a r i a t i o n o c c u r s 

o u t s i d e t h e d i m e n s i o n o f t h e f i r s t ; and so on. The amount o f 

v a r i a t i o n i s g i v e n by the l a t e n t r o o t . Dimensions where no 

v a r i a t i o n o c c u r s w i l l be s p e c i f i e d by components w i t h z e r o 

l a t e n t r o o t s . So t^, t h e number o f components w i t h p o s i t i v e 

l a t e n t r o o t s , canno t exceed m - 1 o r n, w h i c h e v e r i s t h e l e s s . 
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M. S. B a r t l e t t has developed a t e s t f o r p r i n c i p a l component 

analyses i n genera l , t o decide whether the remain ing v a r i a t i o n 

a f t e r a g iven number o f the major components have been 

e x t r a c t e d i s s c a t t e r e d a t random over t he remaining dimensions. 

His t e s t i s app l i ed t o the data t o determine t he number of 

components s i g n i f i c a n t a t t he .05 l e v e l . The r e s u l t s are not 

always h e l p f u l . The t e s t works baclovards from the smal les t 

r o o t s t o t he l a r g e s t ; and t h e r e may be some dimensions i n a 

g r i d where the v a r i a t i o n i s r e s t r i c t e d as w e l l as some where i t 

i s no tab ly ex tens i ve . Indeed the two e f f e c t s are l i k e l y t o be 

concomitant. I f there are a few e x c e p t i o n a l l y smal l r oo t s the 

t e s t may i n d i c a t e t h a t a l l the l a r g e r ones are s i g n i f i c a n t , and 

c o n f r o n t the researcher w i t h a pe rp lex i ng problem i n i n t e r ­

p r e t a t i o n . What needs t o be considered may be why the 

v a r i a t i o n along some axes i s so s m a l l , and the exp lana t ion may 

be q u i t e a simple one - the in fo rmant may have f a i l e d t o 

d i s t i n g u i s h between some of the c o n s t r u c t s or some of the 

elements. 

S t a r t i n g w i t h the l a r g e s t r o o t s p rov ides an a l t e r n a t i v e 

approach. We may enquire whether the f i r s t component, f i r s t 

two, f i r s t t h r e e , e t c . , account f o r an unexpectedly l a r g e 

p r o p o r t i o n o f the t o t a l observed' v a r i a t i o n . This a l t e r n a t i v e 

has no t been used by the author i n conduct ing t h i s research. 

The d i m e n s i o n a l i t y o f a g r i d , as i l l u s t r a t e d , cannot exceed £ 

or m - 1 , whichever i s the l e s s . I t may be f u r t h e r reduced, 

f o r i n s t a n c e , i f the in fo rmant has g iven i d e n t i c a l r a t i n g s t o 

two o f the elements, or i f one of the c o n s t r u c t s has been cu t 
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out because he has r a t e d a l l the elements the same on i t . I f , 

f o r a given g r i d t he re are t dimensions (components) then the 

complete se t of t^ l a t e n t r o o t s i s l i s t e d i n order o f magnitude. 

Thei r numerical values and t h e i r p r o p o r t i o n a t e s i z e as 

percentages o f the t o t a l observed v a r i a t i o n , V, are a l so g i ven . 

The r e s u l t s of the B a r t l e t t t e s t f o l l o w i n the p r i n t o u t . Each 

successive a p p l i c a t i o n o f the B a r t l e t t t e s t i s f o l l o w e d by the 

approp r ia te value o f ch i -squared, w i t h the a p p r o p r i a t e degree 

of freedom. 

The t e s t does not apply t o the f i r s t component. Having 

i d e n t i f i e d t h a t a g iven number o f components may be considered 

s i g n i f i c a n t a t the p resc r ibed l e v e l , c e r t a i n d e t a i l e d 

i n f o r m a t i o n i s l i s t e d i n the p r i n t o u t f o r each component. 

Loadings have g rea t i n t e r e s t from many perspec t i ves - The 

t o t a l v a r i a t i o n o f a component, t h a t i s t o say i t s l a t e n t r o o t , 

i s the sum of the squares o f i t s element l o a d i n g s , and a lso the 

sum of the squares o f i t s c o n s t r u c t l o a d i n g s . I t can be 

analysed i n both wayi;; e i t h e r i n t o the amounts due t o 

cons t ruc t s 1 , 2, r i , o r i n t o the amount due t o elements 1 , 

2, m; and both a l t e r n a t i v e s are e q u a l l y v a l i d . A 

component i s i n f a c t a measurement o f one way i n which the 

cons t ruc t s and the elements i n t e r a c t : the way i n which i t 

concerns the c o n s t r u c t s may be e a s i e r t o understand t h a t the 

way i n which i t a p p l i e s t o the elements, or v i c e versa; but 

both need t o be considered f o r a complete i n t e r p r e t a t i o n . 

The sum. o f squares f o r an element i s the sum o f squares o f i t s 
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component l o a d i n g s , and i t can be a n a l y s e d i n t h i s way. The 

r e s i d u a l s l i s t e d i n t h e p r i n t - o u t s i m p l i f y such an a n a l y s i s . 

The r e s i d u a l f rom t h e f i r s t component can be compared w i t h t h e 

o r i g i n a l sum o f squa res ; t h e r e s i d u a l f rom t h e second w i t h 

t h e r e s i d u a l f rom t h e f i r s t , and so on. A l a r g e p r o p o r t i o n a l 

d rop i n d i c a t e s t h a t t h e e v a l u a t i o n o f t h e c l e m e n t i s l a r g e l y i n 

te rms o f t h e component conce rned . S i m i l a r l y t h e v a r i a t i o n o f 

a c o n s t r u c t , i s t h e sum o f squares o f i t s component l o a d i n g s , 

and can be a n a l y s e d as such . Aga in t h e r e s i d u a l s i n t h e 

p r i n t - o u t s i m p l i f y t l i e breakdown. A l a r g e d r o p f r o m one 

component t o t h e ne>:t shows t h a t e v a l u a t i o n i n te rms o f t h e 

c o n s t r u c t s t ends t o c o i n c i d e ( p o s i t i v e l y o r n e g a t i v e l y ) w i th , 

e v a l u a t i o n i n terms o f t h e component. Load ings c a n a l s o be 

used f o r r e p r e s e n t i n g t h e r e s u l t s o f a g r i d g r a p h i c a l l y . 

A l t h o u g h t h e r e a re o f cou rse a l i m i t l e s s number o f ways i n 

w i i i c h t h a t c a n be dene, two dese rve s p e c i a l c o n s i d e r a t i o n as 

e x a c t g e o m e t r i c a l e q u i v a l e n t s , t h e f i r s t has a l r e a d y been 

c o n s i d e r e d as a means o f c h e c k i n g t h e r e p r e s e n t a t i v e n e s s o f an 

e lement sample. 

The f i r s t i s t h e d i s p e r s i . o n o f t h e e lements i n t h e component 

space w i t h i n t h e c o n s t r u c t space. As a l r e a d y e x p l a i n e d , t h e 

c r . t r i e s i n t h e same column o f w h i c l i a l l r e f e r t o t h e same 

e lement , t o g e t h e r s p e c i f y a p o i n t f o r t h e e lement i n a space 

where t h e r e f e r e n c e axes a re d e f i n e d by t h e c o n s t r u c t s . The 

e n t i r e a r r a y o f numbers i n 0, co r responds g e o m e t r i c a l l y w i t h a 

d i s p e r s i o n o f m p o i n t s i n t h i s space, wh i ch i s i n - d i m c n s i o n a l . 

The d i s t a n c e s between t h e p o i n t s i n i t a re t h e d i s t a n c e s 
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between t h e e l e m e n t s . The c e n t r e o f t h e s c a t t e r o f t h e 

e lements i n t h i s space i s made z e r o when t h e o r i g i n a l g r i d i s 

r e p l a c e d by D_» I t s d i s p e r s i o n i s n o t e q u a l l y w ide i n a l l 

d i r e c t i o n s w i t h i n t h e c o n s t r u c t - s p a c e . The c o n s t r u c t v e c t o r 

o f t h e f i r s t component s p e c i f i e s t h e a x i s o f t h e d i m e n s i o n ' 

where t h e v a r i a t i o n between t h e e lemen ts i s w i d e s t . The 

c o n s t r u c t s w i t h t h e h i g h e s t p o s i t i v e c o e f f i c i e n t s c o n t r i b u t e 

most t o d e P i n i n g i t p o s i t i v e l y ; t h e ones w i t h t h e h i g h e s t 

n e g a t i v e v a l u e s t o d e f i n i n g i t i n t h e o p p o s i t e d i r e c t i o n , 

(Or b o t h d i r e c t i o n s may be d e f i n e d by t h e emergent and t h e 

l a t e n t p o l e s o f t h e same c o n s t r u c t ) . The o r t h o g o n a l , i . e . 

i ndependen t d imens ions w i t h s u c c e s s i v e l y s m a l l e r v a r i a t i o n a r e 

d e f i n e d by t h e c o n s t r u c t v e c t o r s o f t h e s u c c e s s i v e components 

s i m i l a r l y . A l t o g e t h e r t h e components d e f i n e a sub-space o f n o t 

more t h a n _t d imens ions w i t h i n t h e c o n s t r u c t - s p a c e . The 

l o c a t i o n s o f t h e e lements i n t h i s component-space a r e g i v e n by 

t h e i r component l o a d i n g s ; and t h e i r d i s p e r s i o n can be mapped 

c o n v e n i e n t l y i n two d imens ions a t a t i m e . To make a map one 

s e t s o u t two l i n e s a t r i g h t a n g l e s on an o r d i n a r y p i e c e o f 

graph paper t o r e p r e s e n t t h e axes o f two components. Use 

t h e i r c o n s t r u c t v e c t o r s t o c h a r a c t e r i s e them i n t h e i r p o s i t i v e 

and n e g a t i v e senses. Next one p l o t s t h e p o s i t i o n o f t h e 

o l r ^monts f r om t h e i r l o a d i n g s . I t i s n a t u r a l t o c o n s i d e r t h e 

two major d imens ions f i r s t . As t h e map canno t show how f a r 

t h e s c a t t e r ex tends o u t s i d e them, g e n e r a l l y i t can o n l y be 

a p p r o x i m a t e . How c l o s e t l i e a p p r o x i m a t i o n i s depends on how 

much o f t h e t o t a l v a r i a t i o n i s a t t r i b u t a b l e t o t h e f i r s t two 

components. (See f i g s . 6/1 and 6/2 f o r examp le ) . T h i s i s 

f r e q u e n t l y as h i g h as V0%, I f t h e d i s t a n c e between two 

135 



e lemen ts g i v e n i n ( 0 ) i s much g r e a t e r t h a n t h e d i s t a n c e mapped, 

i t must o c c u r i n d imens ions d e f i n e d by t h e c o n s t r u c t v e c t o r s o f 

one o r more o f t h e components n o t on t h e map. So i t must show 

up i n some o t h e r map, c o n s t r u c t e d i n t h e same way, r e f e r r i n g t o 

some p a i r o f components i n t h e c o n s t r u c t - s p a c e . A l t h o u g h i t i s 

n a t u r a l t o c o n s i d e r t h e major components f i r s t , components wh ich 

show r e l a t i v e l y s m a l l omounts o f v a r i a t i o n a r e n o t n e c e s s a r i l y 

d e v o i d o f i n t e r e s t . There must be some r e a s o n a b l e e x p l a n a t i o n 

i f v a r i a t i o n i s p a r t i c u l a r l y r e s t r i c t e d a l o n g some d i m e n s i o n i n 

t h e c o n s t r u c t - s p a c e . I t may n o t be a t a l l d i f f i c u l t t o d e t e c t . 

Two c o n s t r u c t s may be e f f e c t i v e l y t l i e same o r a l m o s t Lfie same, 

e.g. t h e r a t i n g s o f t h e e lements may d i f f e r s c a r c e l y i f a t a l l 

i n terms o f two c o n s t r u c t s such as "Good .... bad" and "L i i ce ... 

... d i s l i k e . " Or two e l e m e n t s , e.g. " M y s e l f as I am" and 

" I - l y s e l f as I would l i k e t o be" may be v i r t u a l l y i n d i s t i n g u i s h ­

a b l e i n te rms o f t h e c o n s t r u c t s used i n t h e g r i d . I n e i t h e r 

cose , l i t t l e o r no use may have been made o f one o f t h e 

d imens ions a v a i l a b l e i n t h e g r i d f o r d i s t i n g u i s h i n g between 

t h e c o n s t r u c t s o r t h e e l e m e n t s . Why t h e i n f o r m a n t f a i l s t o 

make such a d i s t i n c t i o n may be a q u e s t i o n c f i r t e ' ^ e s t . The 

most u s e f u l r e s u l t s t o examine i n s e a r c h o f e x p l a n a t i o n , a p a r t 

f r o m t h e graphs d e s c r i b e d a l r e a d y , a r e t h e t a b l e o f 

c o r r e l a t i o n s between t h e c o n s t r u c t s , and t h e t a b l e o f d i s t a n c e s 

between t h e e l e m e n t s . Sometimes t h e e x p l a n a t i o n moy be more 

obscure and i n v o l v e d ; and sometimes p r a c t i c a l c o n s i d e r a t i o n s 

may make i t n o t w o r t h s e e k i n g . What i s u n j u s t i f i a b l e i s a 

g e n e r a l assumpt ion t h a t d imens ions w^here v a r i a t i o n i s s m a l l 

can have no i n t e r e s t . 
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The second g e o m e t r i c a l e q u i v a l e n t f o r t h e n u m e r i c a l e n t r i e s on 

t h e g r i d , wh ich can be shown by g r a p h , i s t h e d i s p e r s i o n o f t h e 

c o n s t r u c t s i n t h e component-space w i t h i n t h e e lement -space . 

The e n t r i e s i n one row o f a g r i d , o r o f D, can be t r e a t e d l i k e 

t h e e n t r i e s i n one column. Taken t o g e t h e r , a l l t h e e n t r i e s 

r e f e r r i n g t o one c o n s t r u c t s p e c i f y a p o i n t f o r i t i n a space 

where t h e r e f e r e n c e axes a r e d e f i n e d by t h e e l e m e n t s , o r , i n 

o t h e r words, t h e e lement -space. The e n t i r e a r r a y o f numbers 

i n D co r responds g e o m e t r i c a l l y w i t h a d i s p e r s i o n o f n p o i n t s i n 

t h i s space, wh ich i s r n - d i m e n s i o n a l . The v a r i a n c e s o f t h e 

c o n s t r u c t s i n a g r i d a lways t e n d t o be t h e same. They niust 

be e x a c t l y t h e same i f t h e e lements a r e ranked i n t e rms o f t h e 

c o n s t r u c t s , o r graded d i c h o t o m o u s l y w i t h a 50:30 s p l i t ; t i i e y 

a re equated i f g r a d i n g s o f any o t h e r k i n d a re used and 

n o r m a l i s e d ; and t h e y s t i l l t e n d t o be t h e satne f o r o t h e r , non-

n o r m a l i s e d g r a d i n g s , p r o v i d e d t h e same g r a d i n g procer 'urc i s 

used c o n s i s t e n t l y t h r o u g h o u t t h e g r i d . Thus t h e p o i n t s f o r 

t h e n̂  c o n s t r u c t s i n t h e e lement -space a r e a l l e i t h e r e x a c t l y o r 

a p p r o x i m a t e l y e q u i d i s t a n t f r om a c e n t r a l p o i n t , and consequent ­

l y must l i e on o r near t h e s u r f a c e o f a h y p e r s p l i c r e . I t s 

d i m e n s i o n a l i t y depends on t h e number o f components w i t h 

p o s i t i v e l a t e n t r o o t s ; t h a t i s t o say , i t o c c u p i e s a _ t -

d i m e n s i o n a l component-space w i t h i n t h e m-d imens iona l elemr-nt-

space. C o n s t r u c t s w i t f i h i g h l o a d i n g s on t h e f i r s t component 

o n l y w i l l c l u s t e r t o g e t h e r i n one r e g i o n on t h e h y p e r s u r f a c e i f 

t h e i r l o a d i n g s a r e p o s i t i v e , and i n t h e d i a m e t r i c a l l y o p p o s i t e 

r e g i o n i f t h e i r l o a d i n g s a r e n e g a t i v e . Such d i s t r i b u t i o n s 

a re easy t o examine when t h e y a r e r e p r e s e n t e d g e o g r a p h i c a l l y . 

I f t h e p o s i t i v e p o l e f o r t h e f i r s t component i s s e t on t h e 
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equator o f a geographica l globe a t l o n g i t u d e 0^, i t s negat ive 

pole w i l l be on the equator where the i n t e r n a t i o n a l d a t e - l i n e , 

l ong i t ude 180°E or W, i n t e r s e c t s i t . Const ruc ts w i t h h igh 

load ings on the second component only w i l l be l o c a t e d on the 

sur face around p o i n t s 90^ away from the two poles o f the f i r s t 

component, e.g. on t h e equator a t l o n g i t u d e 90^E f o r p o s i t i v e 

load ings and l o n g i t u d e 90°W f o r negat ive l o a d i n g s . Constructs 

w i t h high load ings on the t h i r d component on ly must then be 

loca ted around the p o i n t s 90° away from those a l ready occupied, 

e.g. a t the North po le f o r p o s i t i v e l oad ings and the South pole 

f o r negat ive ones. 

The geographical model can on ly i nc lude th ree components o f 

course; but i f the f i r s t t h ree components account f o r over 

80 per cent o f the t o t a l v a r i a t i o n i n g r i d s o f the customary 

s i z e , the model f o r them w i l l u s u a l l y g i ve a very u s e f u l 

i n d i c a t i o n o f the r e l a t i o n s h i p s between the c o n s t r u c t s . 

Polar co-ord inates of the cons t ruc t s can be computed and these 

are d isp layed on t i i e p r i n t o u t as H, V and R. The values of H 

and V ( h o r i z o n t a l and v e r t i c a l measurements i n degrees) are the 

ones t o be used f o r p l o t t i n g the p o s i t i o n s of the c o n s t r u c t s ; 

and the convent ion in tended f o r adopt ion i s the one a l ready 

descr ibed. A p o i n t on the equator i s se lec ted as the o r i g i n , 

w i t h H = 0° and V = 0*̂ . P o s i t i v e va lues o f H are reached by 

moving t o the r i g h t , i . e . eastwards around the globe f o r the 

given number of degrees, and negat ive values by moving west­

wards. P o s i t i v e values o f V are reached by moving upwards, 

i . e . northwards, negat ive southwards. The r a d i a l measurement 

158 



R, i s not used i n map-making. To be p r e c i s e , a c o n s t r u c t can 

on ly be loca ted on the sur face of the sphere i f i t s va lue of H 

i s 1,00. Otherwise, i t should be l oca ted beneath the su r face , 

p r o p o r t i o n a t e l y nearer the l a r g e r i t s R. R. has o t h e r 

i n t e r e s t i n g p r o p e r t i e s . I t de f i nes the m u l t i p l e c o r r e l a t i o n 

between the c o n s t r u c t and the f i r s t t h ree components; and 

i s the p r o p o r t i o n of i t s t o t a l v a r i a t i o n they account f o r . A 

c o n s t r u c t w i t h a very smal l R cou ld perhaps be t r e a t e d as i f i t 

had disappeared beneath the sur face comple te ly , f o r most of i t s 

v a r i a t i o n must occur i n dimensions unmapped. (To r e f e r t o an 

e a r l i e r argument, i t approaches the p o i n t o f t o t a l u n c e r t a i n t y , 

i . e . the o r i g i n ) . The advantages o f using an a c t u a l geo­

g r a p h i c a l globe f o r p l o t t i n g the r e l a t i o n s h i p s between the 

cons t ruc t s are very g r e a t , as i t shows which p o i n t s are 

d i a m e t r i c a l l y oppos i te one another. A l l the r e s u l t s ob ta inab le 

by Ciny method o f r o t a t i o n i n t h ree dimensions can be seen by 

p i c k i n g the globe up and t u r n i n g i t around i n one's f i n g e r s . 

There i s no necessary r e l a t i o n s h i p between the number of 

c l u s t e r s found i n -Jhe d i s p e r s i o n o f the c o n s t r u c t s and the 

number of components found i n the a n a l y s i s . The d e s c r i p t i o n 

given f o r 'explaining the use o f the po la r c o - o r d i n a t e s , above, 

i s h i g h l y schematic. C l u s t e r s are seldom, i f ever , n e a t l y 

separated by angles o f 90°. One r a t h e r loose c l u s t e r 

extending i n t o many dimensions i s sometimes a l l t h e r e i s t o be 

found; i f so, i t i s j u s t as l i k e l y t o be around the p o i n t H = 

+ or - 180° and V = 0° as around H = 0° and V = 0°. But 

sometimes, n e i t h e r reg ion i s occupied: they may both be 

r e l a t i v e l y empty spaces around one of which, a t l e a s t , severa l 
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s m a l l , perhaps t r a i l i n g g roups o f c o n s t r u c t s a r e g a t h e r e d . 

Among g r i d s i n g e n e r a l , t h e absence o f any s i m p l e r e g u l a r i t i e s 

i s p e r p e t u a l . When t h e y b o t h r e f e r t o t h e same components, a 

map o f t h e d i s p e r s i o n o f t h e e lements i n t h e c o n s t r u c t - s p a c e 

and one o f t h e c o n s t r u c t s i n t h e e lemen t - space a re two 

d i f f e r e n t v iews o f t h e same v a r i a t i o n , f o r t h e v a r i a t i o n o f a 

component i n t h e c o n s t r u c t - s p a c e i s i d e n t i c a l w i t h i t s v a r i a t i o n 

i n t h e e lement -space. So i f s u i t a b l e c o n v e n t i o n s a r e adop ted , 

e i t h e r map may be p r o j e c t e d o n t o t h e o t h e r . But i t would be 

v e r y m i s l e a d i n g j u s t t o super impose one o n t o t h e o t h e r , and map 

t h e c o n s t r u c t s and t h e e lemen ts t o g e t h e r .̂ s r i + m p o i n t s i n a 

common component-space. The c o n s t r u c t s s h o u l d be r e p r e s e n t e d 

as d i r e c t i o n - l i n e s i n t h e component space; and the e lements as 

d i r e c t i o n - l i n e s i n t h e component space w i t h i n t h e c].enierit-space 

where t h e c o n s t r u c t s appear as p o i n t s . As t h e d i r e c t i o n o f a 

l i n e f r om an o r i g i n can be i n d i c a t e d by a s i n g l e p o i n t a t any 

d i s t a n c e f r o m i t , the d i f f i c u l t y can be overcome; b u t t h e 

c o n v e n t i o n b e i n g adopted must be c l e a r l y u n d e r s t o o d . 

Such compos i te map'̂  t a k e advantage o f a un ique p r o p e r t y o f 

p r i n c i p a l components, t h a t t h e y p r o v i d e a s t a t i o n e r y co­

o r d i n a t e system i n b o t h spaces, a l l o w i n g t h e two d i s p e r s i o n s t o 

be a l i g n e d . They may r e v e a l i n t e r e s t i n g and unexpec ted 

r e l a t i o n s h i p s between e lements and c o i n c i d e n t o r d i a m e t r i c a l l y 

opposed c o n s t r u c t s . D i a m e t r i c a l l y o p p o s i t e t h e p o i n t f o r a 

c o n s t r u c t , a n o t h e r p o i n t can be marked on t h e g l o b e f o r i t s 

c o n t r a s t . And s i n c e t h e p r o j e c t i o n f o r an e lement s h o u l d be 

rega rded as a h y p o t l i e t i c a l c o n s t r u c t r e f e r r i n g t o i t r a t h e r 

t h a n as t h e e lement i t s e l f , i t t o o may be r e g a r d e d as b i p o l a r 
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and r e p r e s e n t e d by two p o i n t s , t h e p r o - e l e i n e n t and t h e a n t i -

e l emen t . To o b t a i n t h e p o l a r c o - o r d i n a t e s f o r t h e o p p o s i t e 

p o l e oF a c o n s t r u c t o r a p r o - e l e m e n t ; when H i s p o s i t i v e , one 

can s u b t r a c t 180*^; Vi'hen H i s n e g a t i v e one can add 180*^; and 

change t h e s i g n o f V. 

For t h e reasons e x p l a i n e d e a r l i e r , t h e r e l a t i o n s h i p s between t h e 

c o n s t r u c t s and t h e e lemen ts and o f t h e ele.Tients w i t h one a n o t h e r 

can a l l be expressed i n te rms o f d i r e c t i o n c o s i n e s . These a r e 

m a t h e m a t i c a l l y e q u i v a l e n t t o c o r r e l a t i o n c o e f f i c i e n t s and s e r v e 

l i k e them t o d e s c r i b e how c l o s e l y two v a r i a b l e s a re a s s o c i a t e d . 

The p r i n t o u t conc ludes w i t h f o u r t a b l e s l i s t i n g r e s u l t s oP t h i s 

k i n d . A l l t h e s e meaourernents r e f e r t o the r e l a t i o n s h i p s o f t h e 

e lements and t h e c o n s t r u c t s w i t h one a n o t h e r i n t h e whole 

component-space,- and e n a b l e a m a t h e m a t i c a l model t o be used i n 

p l a c e o f t h e p h y s i c a l n-.odel p r e v i o u s l y d e s c r i b e d . 

As i s c l e a r l y e v i d e n t , n o t o n l y i s r e p g r i d methodo logy a 

p o w e r f u l t o o l , b u t t h e a n a l y t i c a l t e c h n i q u e s a v a i l a b l e assume 

maximum advantage f rom t h e d a t a f o r m a t . 

6.10-1. The r e l i a b i l i t y and v a l i d i t y o f g r i d s i s a s p e c i a l 

o o n s i d c r a t i o n q u i t e d i f f e r f ^ r . ' : f r o m t h e c o n s i d e r a t i o n g i v e n t o 

t hese concep ts i n Chapte r 5. I n many c o n t e x t s , r e l i a b i l i t y 

e s t i m a t e s w i ] . l t hemse lves be a t e s t o f t h e v a l i d i t y o f 

p a r t i c u l a r g r i d measures; and i t may o f t e n be t h e case t h a t 

p a r t i c u l a r v a l i d i t i e r h i n g e cn t h e f i n d i n g o f low r e l i a b i l i t y . 

( T h i s was r e c o g n i s e d by Cronbach and Heehl (1955) i n t h e i r 
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d iscuss ion o f c o n s t r u c t v a l i d i t y ) . I n terms o f g r i d method, 

people who respond s i m i l a r l y t o the same " s t i m u l i " , o r elements, 

w i l l be considered s i m i l a r i n t h a t respec t , i . e . i n r e l a t i o n t o 

t h e i r element a l l o t m e n t and c o n s t r u c t r e l a t i o n s h i p s i n t h a t 

p a r t i c u l a r area. They w i l l not n e c e s s a r i l y be considered 

a l i k e i n o ther areas o f c o n s t r u i n g , as ye t unexplored. I f two 

people respond d i f f e r e n t l y t o a se t o f elements i n terms o f a 

number o f c o n s t r u c t s , they need not n e c e s s a r i l y be considered 

as d i f f e r e n t people as regards t h e i r c o n s t r u c t system f o r 

d e a l i n g w i t h these elements. I n c o n s t r u c t theory terms, 

s i m i l a r i t y between persons i s seen i n terms o f s i m i l a r i t y o f 

the c o n s t r u c t i o n s they have placed upon experience, not i n 

terms o f s i m i l a r i t y o f the exper ience they have undergone. 

This concept ion i s embodied i n g r i d measurement, i n t h a t i t i s 

poss ib le f o r two people t o a l l o t the same elements q u i t e 

d i f f e r e n t l y t o the poles o f the same c o n s t r u c t s ; y e t when the 

g r i d i s analysed they may be shown t o be opera t ing ve r y s i m i l a r 

c o n s t r u c t systems. 

The data prov ided by a g r i d are i n the form o f a m a t r i x ( o f 

c o r r e l a t i o n s or matching s c o r e s ) , which i s assumed t o represent 

the p a t t e r n o f r e l a t i o n s h i p s between the c o n s t r u c t s used i n the 

g r i d , and t o be an index o f the network o f i m p l i c a t i o n s between 

the obta ined sample o f c o n s t r u c t s f o r the i n d i v i d u a l s u b j e c t . 

This m a t r i x o f r e l a t i o n s h i p s (o r any s p e c i f i e d p a r t o f i t ) can 

i t s e l f be the o b j e c t o f " r e l i a b i l i t y " assessment. Thus, f o r 

any g iven s u b j e c t , a t e s t - r e t e s t c o e f f i c i e n t can be c a l c u l a t e d , 

by rank o r d e r i n g each o f the m a t r i c e s , which h i s g r i d 
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performance has y i e l d e d on two separate occasions, f rom the 

h ighes t p o s i t i v e r e l a t i o n s h i p through zero t o the h ighes t 

negat ive r e l a t i o n s h i p , and then c a l c u l a t i n g the Spearman rho 

between these two rank o rders . Such a rho i s , i n one sense, 

an index o f f a c t o r i a l s i m i l a r i t y between the two mat r i ces , and 

represents an est imate of the degree t o which the p a t t e r n o f 

the c o n s t r u c t i n t e r - r e l a t i o n s h i p s o f t he s u b j e c t has remained 

s t a b l e across the t ime i n t e r v a l . Again, i n terms o f such a 

de r i ved measure, no genera l es t ima te o f r e l i a b i l i t y can be 

g i ven , because, as w i l l be shown, i t w i l l be g r o s s l y 

i n f l u e n c e d by f a c t o r s such as the elements and cons t ruc t s used, 

i n d i v i d u a l and group d i f f e r e n c e s , methods o f a d m i n i s t r a t i o n , and 

so f o r t h . However, as a k ind o f s t a t i s t i c a l p l a t i t u d e , i t can 

be s a i d t h a t by using elements such as people known p e r s o n a l l y 

t o the s u b j e c t , w i t h supp l i ed c o n s t r u c t s o f a conven t iona l t ype 

and w i t h e i t h e r a rank order o f s p l i t - h a l f matching admin i s t ­

r a t i o n , normal s u b j e c t s , doing repeat g r i d s , on e i t h e r the same 

or d i f f e r e n t elements, tend t o y i e l d c o e f f i c i e n t s o f 

r e l i a b i l i t y which f a l l l a r g e l y w i t h i n the range 0.6 t o 0,8. 

F i e l d and L a n d f i e l d (1961) concluded t h a t ( i ) g iven the same 

elements, the s u b j e c t s , a f t e r a two week i n t e r v a l , produce very 

s i m i l a r c o n s t r u c t s (Pearson r = 0.79); ( i i ) when al lowed t o 

take the t e s t e n t i r e l y a f resh and cons ide r i ng new elements, 

sub jec t s e q u a l l y reproduce t h e i r e a r l i e r c o n s t r u c t s (Pearson 

r = 0.80.). 

The author had r e s e r v a t i o n s about such a technique as one might 

expect an i n d i v i d u a l ' s c o n s t r u c t i o n t o change w i t h t ime and by 
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v i r t u e o f having been i n v o l v e d w i t h complet ing a g r i d . I n an 

assoc ia ted p iece o f work, the author found (Hopwood and Keen 

1977) t h a t where feedback was w i t h e l d from a group o f 

respondents (who had completed a g r i d as a means of having 

t h e i r teach ing appraised) t e s t - r e t e s t c o r r e l a t i o n s were as 

high as those s t a t e d . However, when feedback was provided t o 

the respondent between the two e l i c i t a t i o n s , the c o r r e l a t i o n 

plunged t o near zero. 

This i l l u s t r a t e s the i n t e r l o c k i n g o f the usual concepts o f 

v a l i d i t y and r e l i a b i l i t y when a p p l i e d t o g r i d methods, i n t h a t 

they can be looked on as exper imenta l e x p l i c a t i o n s o f the 

dichotomy c o r o l l a r y , which s t a t e s t h a t "a person's c o n s t r u c t i o n 

system i s composed o f a f i n i t e number o f dichotomous constructs'.' 

These s t u d i e s suggest t h a t the g r i d t e s t s a re " r e l i a b l e " i n t he 

sense t h a t where c o n s t r u c t s about people are concerned (and, 

one would tend t o assume, where o t h e r types o f c o n s t r u c t are 

concerned), normal sampling procedures app ly . Gr ids are 

d e l v i n g i n t o a l i m i t e d r e p e r t o i r e o f c o n s t r u c t s which the 

sub jec t has a v a i l r . b l e , and t h e r e i s no f e a r o f being 

conf ron ted w i t h the e v e r l a s t i n g pages o f an i n f i n i t e personal 

d i c t i o n a r y . 

This h i g h l i g h t s the f a c t t h a t users o f g r i d methods are faced 

on each occasion w i t h an e x p l i c i t sampling problem, i n t h a t 

they must s e l e c t elements, c o n s t r u c t s , methods of admin i ­

s t r a t i o n and methods of a n a l y s i s a p p r o p r i a t e t o t h e con tex t 

i n which they are a t tempt ing t o make p r e d i c t i o n s . This 

c e r t a i n l y does not r e l i e v e them o f sampling problems, nor does • 
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i t gua ran tee t h a t t h e y w i l l a d e q u a t e l y s o l v e them; b u t i t 

does mean t h a t t h e y have e x p l i c i t l y t o f a c e them t i m e and 

a g a i n , and t h e y a re l e s s l i k e l y t o i g n o r e t h e dangers o f 

samp l i ng e r r o r by r e s t i n g c o n t e n t w i t h a pseudo, o n c e - f o r - a l l 

s o l u t i o n t o t h e p rob lem. 

R e t u r n i n g t o t h e main theme o f t h i s p a r a g r a p h , namely t h e 

r e l i a b i l i t y and v a l i d i t y o f g r i d methods, one has t o c o n s i d e r 

t h e i m p l i c a t i o n s o f s u p p l y i n g c o n s t r u c t s . The prob lems wh i ch 

can a r i s e when t h e c o n s t r u c t s a re s u p p l i e d by t h e e x p e r i m e n t e r , 

r a t h e r than e l i c i t e d f r o m t h e s u b j e c t , a r c o b v i o u s - any 

assurance t h a t t h e c o n s t r u c t s a re a m e a n i n g f u l p a r t o f t h e 

s u b j e c t ' s r e p e r t o i r e i s f o r f e i t e d , and some o f t h e g r i d m a t r i x 

v a r i a n c e w i l l i n e v i t a b l y r e f l e c t a degree o f f a i l u r e by t h e 

s u b j e c t t o t r a n s l a t e t i i c m i n t o h i s own te rms ( I s a a c s o n and 

L a n a f i e l d , 1965, and Cromwel l and C a l d w e l l , 1962 ) . Yet i n 

e x p e r i m e n t s w i t h s p e c i f i c h y p o t h e s i s and i n t h o s e i n v o l v i n g 

group compar i sons , c o n s t r u c t s u p p l y i n g seems u s e f u l . T a c t i c s 

wh ich reduce , though t h e y do no t e l i m i n a t e , d i s t o r t i o n e f f e c t s 

i n s u p p l i e d c o n s t r i i c t g r i d s , a re s u g g e s t e d . 

I n any g r i d o r g r i d s e r i e s i n v o l v i n g s u p p l i e d c o n s t r u c t s , 

r . d d i t i o n a l e l i c i t e d c o n s t r u c t s f r o m t h e s u b j e c t can be used. 

The p resence o f such i n d i v i d u a l l y v a r y i n g e l i c i t e d c o n s t r u c t s 

does n o t a f f e c t t h e c a l c u l a t i o n o f r e l a t i o n s h i p s between t i i e 

s t a n d a r d c o n s t r u c t s , b u t i t does p r o v i d e a means o f c h e c k i n g 

someth ing o f t h e m e a n i n g f u l n e s s o f t h e s u p p l i e d c o n s t r u c t s . 

A marked ly l o w e r l e v e l o f i n t e r c o r r e l a t i o n between s u p p l i e d 

t h a n between e l i c i t e d c o n s t r u c t s c o u l d i n d i c a t e t h a t t h e 
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s u p p l i e d c o n s t r u c t s were l a r g e l y v e r b i a g e f o r t h e s u b j e c t . An 

i n d i v i d u a l e x a m i n a t i o n o f s u p p l i e d / e l i c i t e d c o n s t r u c t r e l a t i o n ­

s h i p s i n t h e g r i d m a t r i x m i g h t y i e l d i n f o r m a t i o n as t o any 

unusua l meanings wh ich had been a t t a c h e d t o t h e s u p p l i e d 

l a b e l s . The s t r a t e g y adopted by t h e a u t h o r and d e s c r i b e d i n 

paragraph 6.9.1. and 6.9.2. o f e l i c i t i n g c o n s t r u c t s by t r i a d s 

and p r o v i d i n g 'prompt' words a rose f r o m t h e e x p e r i e n c e o f p r e ­

t e s t i n t e r v i e w i n g o f s i n g l e s u b j e c t s and g roups on t h e t o p i c s 

covered i n t h e g r i d t o y i e l d i n f o r m a t i o n as t o t h e common 

v o c a b u l a r y a v a i l a b l e , and i n c r e a s e t h e e x p e r i m e n t e r ' s chances 

o f c o u c h i n g s u p p l i e d c o n s t r u c t s ( o r key words) i n t e rms 

m e a n i n g f u l t o h i s s u b j e c t . T h i s t y p e o f methodo logy i s ler>s 

prone t o t h e dangers i n h e r e n t i n p r o v i d i n g c o n s t r u c t s ^ a n d y e t 

i t s t i l l does p e r m i t t h e a n a l y s i s between a p p l i e d and e l i c i t e d 

c o n s t r u c t s no ted above. 

I n t h i s r e s e a r c h , t h e s e l e c t i o n o f t h e 20 e lemen ts was under­

t a k e n t o t r y and maximise t h e v a l i d i t y ; a l t h o u g h , as was 

i n d i c a t e d i n t h e p r e v i o u s p a r a g r a p h , no g u a r a n t e e c o u l d be 

made u n t i l t h e dat;« were a v a i l a b l e . The e f f e c t o f e lement 

s e l e c t i o n on v a l i d i t y i s two pronged. F i r s t l y , t h e number o f 

e lements s h o u l d r e f l e c t t h e s u b j e c t s d i s c r i m i n a t i n g c a p a c i t y ; 

i->'jt t h i s i s r e a l l y o n l y o f r e a l i m p o r t a n c e where r a n k i n g r a t h e r 

t h a n r a t i n g o f e lemen ts i s demanded, and, s e c o n d l y , t h a t a l l 

t h e e lements used f o r s o r t i n g i n t h e g r i d must be w i t h i n t h e 

range o f conven ience o f t h e c o n s t r u c t s s u p p l i e d and e l i c i t e d . 

T h i s r u l e has been c o n s t a n t l y i n mind i n d e s i g n i n g t h e 

p a r t i c u l a r g r i d f o r t h i s r e s e a r c h . I t c a n n o t be d e n i e d , 

however, t h a t as so much o f c o n s t r u c t t h e o r y h i n g e s on t h e 
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no t i on o f the b i p o l a r i t y o f c o n s t r u c t s , t h a t the r e l i a b i l i t y or 

u n r e l i a b i l i t y , i n d i f f e r e n t i n d i v i d u a l s , o r under d i f f e r e n t 

c o n d i t i o n s or between d i f f e r e n t c o n s t r u c t s , o f the 

d i s t r i b u t i o n o f elements between the poles must be a matter of 

major i n t e r e s t . Any d i scuss ion about lopsidedness o f a 

c o n s t r u c t i m p l i e s t h a t the r e l a t i v e a l l o t m e n t o f elements t o 

the two poles o f the c o n s t r u c t f o r any given i n d i v i d u a l i s an 

i n d i c a t o r o f s t a b i l i t y , i n the sense t h a t we would expect the 

p ropo r t i ons i n each po le t o be roughly the same when an 

i n d i v i d u a l uses the same c o n s t r u c t on two random samples o f 

elements. Care, t h e r e f o r e , has t o be taken i n i n t e r p r e t i n g 

the r e s u l t s i n d i c a t i n g lopsidedness, t h i s problem i s minimised 

by the adopt ion o f a r a t i n g sca le as opposed t o the 

t r a d i t i o n a l b ina ry response-

Another aspect o f g r i d method i s r e l e v a n t t o the concern w i t h 

the p r e d i c t a b l e s t a b i l i t y , r a t h e r than t he genera l s t a b i l i t y , 

o f scores. The g r i d i s not a t e s t , but a v a r i a b l e technique: 

i t can be cas t i n t o many d i f f e r e n t forms, i n v o l v i n g any number 

of d i f f e r e n t types o f c o n s t r u c t s and elements, and many kinds 

of scores can be d e r i v e d . Since t he re i s no such t h i n g as the 

g r i d , t he re can be no such t h i n g as t he r e l i a b i l i t y o f the g r i d , 

Any 'cons iderat ion o f a s p e c i f i c r e l i a b i l i t y c o e f f i c i e n t quoted 

f o r a p a r t i c u l a r ins tance o f the a p p l i c a t i o n o f g r i d method, 

must take i n t o account, f i r s t l y , the p a r t i c u l a r measure 

e x t r a c t e d from data supp l i ed by the g r i d ; secondly, the type o f 

exper imenta l s i t u a t i o n w i t h i n which repeat g r i d data were 
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obta ined, and t h i r d l y , the genera l parameters which a f f e c t 

r e l i a b i l i t y c o e f f i c i e n t s i n any g r i d c o n t e x t . 

I n conc lus ion o f t h i s d i scuss ion on the r e l i a b i l i t y o f g r i d s , 

the author i s f o r c e d t o accept t h a t s ince t h i s i s a procedure 

r e l a t i n g t o a theory which a f f i r m s t h a t "man i s a form of 

motion", i t i s necessary t o chal lenge the orthodox n o t i o n o f 

h igh r e l i a b i l i t y as an i n v a r i a b l y d e s i r a b l e c h a r a c t e r i s t i c o f 

t e s t s . However, even bear ing i n mind the s lender evidence 

a v a i l a b l e , i t would seem t h a t c o n s t r u c t s which account f o r 

l i t t l e o f the var iance i n g r i d mat r ices are l i k e l y t o be those 

w i t h many near-zero r e l a t i o n s h i p scores: and t h i s r e s t r i c t i o n 

o f va r iance , p lus the tendency o f low c o r r e l a t i o n s t o wobble 

randomly around zero, may, o f i t s e l f , reduce the r e l i a b i l i t y 

c o e f f i c i e n t . Consequently, i t would seem wise t o assume t h a t 

r e l i a b i l i t y w i l l be, i n p a r t , a f u n c t i o n o f g r i d form and type 

o f a d m i n i s t r a t i o n . 

Moving on t o v a l i d i t y , as d i s t i n c t from the p rev ious d i scuss ion , 

which looked a t the i n t e r r e l a t i o n s h i p o f v a l i d i t y and 

r e l i a b i l i t y , one i s fo rced aga in , i n g r i d methodology, t o 

r e j e c t t r a d i t i o n a l ideas . As s t a t e d by Eng l i sh and Eng l i sh 

(1958): 

" the re i s no such t h i n g as genera l v a l i d i t y . Nor i s 

the re absolute v a l i d i t y - we determine t he degree o f v a l i d i t y . 

And the v a l i d i t y index has no meaning apa r t from the p a r t i c u l a r 

operat ions by which i t i s determined." 

These s t r u c t u r e s apply t o any c o n s i d e r a t i o n o f the v a l i d i t y o f 
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g r i d t e c h n i q u e i n a h i g h l y s p e c i f i c way. J u s t as with 

r e l i a b i l i t y , t o ask what i s t h e v a l i d i t y o f t h e g r i d i s l i k e 

a s k i n g what i s t h e v a l i d i t y o f t h e q u e s t i o n n a i r e . The 

q u e s t i o n s would be, what q u e s t i o n n a i r e ? , i n what c o n t e x t ? , 

used f o r what purpose? The number and manner o f g r i d s i s , 

f o r p r a c t i c a l pu rposes , i n f i n i t e . Perhaps a l l t h a t can be 

done i s t o c o n s i d e r whe ther t h e b a s i c r a t i o n a l e o f g r i d s makes 

sense, whether t h e i r a p p l i c a t i o n g i v e s r e s u l t s w h i c h t a l l y w i t h 

t h e u n d e r l y i n g assumpt ions and whether t h e use o f g r i d methods 

t o d a t e j u s t i f i e s t i i e i r c o n t i n u e d e l a b o r a t i o n . I t need no t be 

s t a t e d t h a t t h e a u t h o r c o n s i d e r s t h a t g r i d methods t o d a t e a r e 

v a l i d and so j u s t i f y f u r t h e r e l a b o r a t i o n ! 

I n te rms o f c o n s t r u c t t h e o r y , tl'.ese modes o f v a l i d a t i o n seem 

i n c o m p l e t e . C o n s t r u c t t h e o r y e n v i s a g e s each i n d i v i d u a l as 

d e v e l o p i n g and o p ' ^ r a t i n g an e l a b o r a t e , even though sometimes 

p o o r l y a r t i c u l a t e d , c o n s t r u c t sys tem, d e s i g n e d t o dea.l w i t h 

many s i t u a t i o n s . Measures o f such a system can o n l y be 

m i n i m a l l y v a l i d a t e d i n a r t i f i c i a l and r e s t r i c t i n g c o n t e x t s . 

I t has been argued t h a t t h e appearance o f s t a t i s \ . i c e l l y 

s i g n i f i c a n t i n t e r n a l r e l a t i o n s h i p s i n g r i d s g i v e s v a l i d a t i o n a l 

s u p p o r t t o t h e c e n t r a l t e n e t o f c o n s t r u c t t h e o r y - t h a t peop le 

c o n s t r u e i n an o r g a n i s e d way - and t h i s sugges t s i n t u r n , t h a t 

t h e g r i d i s a u s e f u l means o f o b j e c t i f y i n g t h i s t h e o r e t i c a l 

c o n t e n t i o n . A l t h o u g h t h e f a t e o f any t h e o r y need n o t t u r n on 

t h e outcome o f a p a r t i c u l a r e x p e r i m e n t o r t l i e v a l i d i t y o f a 

p a r t i c u l a r p r e d i c t i o n , i t s v a l i d i t y canno t be m a i n t a i n e d i f a 

s u c c e s s i o n o f hypo theses , when p u t t o adequate e x p e r i m e n t a l 

t e s t , do no t t u r n o u t t o be p a l p a b l y t r u e . Thus, t h e t h e o r y 
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can o n l y become v a l i d when someone i s a b l e t o make use o f i t 

t o produce v e r i f i a b l e and l a r g e l y v e r i f i e d h y p o t h e s e s . 

Hypotheses can be e r e c t e d and t e s t e d f o r a s i n g l e s u b j e c t , i n 

a manner no t p o s s i b l e w i t h c o n v e n t i o n a l n o r m a t i v e t e s t s , and 

a range o f c o n v e n t i o n a l p o p u l a t i o n s t a t i s t i c s ( i n c l u d i n g f o rms 

o f c l u s t e r a n a l y s i s ) i s p o t e n t i a l l y a v a i l a b l e f o r use i n a n a l y ­

s i n g i n d i v i d u a l g r i d s . The i n d i v i d u a l can be s t u d i e d , n o t 

mere l y i n t h e sense o f t a k i n g s u b j e c t s one a t a t i m e , nor i n 

t h e sense o f making t h e c o n t e n t o f t e s t i t e m s r e l a t e t o a 

p a r t i c u l a r i n d i v i d u a l , b u t a l s o i n t h e sense o f d e v e l o p i n g a 

comp le te e x p e r i m e n t a l ( i c s i g n f o r a s i n g l e s u b j e c t . S p e c i T i c 

hypotheses can be p r e p a r e d b e f o r e t h e g r i d i s a d m i n i s t e r e d , o r 

i n d e e d , d u r i n g t h e a n a l y t i c a l s t a g e . S ince t h e g r i d a l low; ; 

i n t e r n a l t e s t s o f s i g n i f i c a n c e , no p r i o r v a l i d a t i o n s p e c i f i c 

t o t h e prob lem i n hand i s necessa ry , even though t h e b a s i c 

assumpt ions u n d e i ^ l y i n g t h e methcc: have t o be met. 

6-10.2. The p r e c i s e a d m i n i s t r a t i o n p r o c e d u r e f o r t h e who le d a t a 

c o l l e c t i o n e x e r c i s e i s d e s c r i b e d i n Chapter 7; however, t h i s 

c h a p t e r would be i n c o m p l e t e w i t h o u t a d e s c r i p t i j n o f t h e 

manner i n wh ich t h e g r i d e l i c i t a t i o n was p o s s i b l e . 

I n p i l o t i n g t h e g r i d , as d e s i o n e d f o r use i n t l i i s r e s e a r c h , 

t h e a u t h o r f ound group a d m i n i s t r a t i o n t o be a c c e p t a b l e o n l y 

wf iere t h e g roun s i z e was s m a l l enough f o r t h e a d m i n i s t r a t o r 

t o f u l l y i n t e r a c t w i t h a l l t h e r e s p o n d e n t s . An optimum s i z e 

p roved t o be t h r e e r e s p o n d e n t s . Thus a l l t h e d a t a c o l l e c t i o n 

was unde r t aken e i t h e r on an i n d i v i d u a l (one t o one) b a s i s o r 

by s m a l l groups o f two o r t h r e e r e s p o n d e n t s . I n e v e r y case 
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t h e a u t h o r was t h e g r i d a d m i n i s t r a t o r i n o r d e r t o c o n t r o l any 

v a r i a n c e o f i n s t r u c t i o n s wh ich may have r e s u l t e d f r o m the use 

o f a d d i t i o n a l a d m i n s t r a t o r s . Each s e s s i o n was p lanned t o t a k e 

t h r e e and a h a l f hours on one day, ( a l t h o u g h t h i s was f r e q u e n t l y 

sp read ove r a l u n c h b r e a k ) . Only one responden t r e q u i r e d more 

t i m e , i n s i s t i n g on u s i n g ?.l c o n s t r u c t s ( a l t h o u g h subsequent 

a n a l y s i s i n d i c a t e d these n o t t o be i n d e p e n d e n t , and r e q u i r i i i g 

n e a r l y f i v e hours o f u n i n t e r r u p t e d t i m e t o comp le te t h e whole 

e x e r c i s e ) . For t h e m a j o r i t y o f r e s p o n d e n t s , 2J- - 3 hours 

p roved adequate , and some ( a b o u t t w e l v e ) comp le ted t h e whole 

s e s s i o n i n l e s s t h a n 2^ h o u r s . 

B e f o r e a d m i n i s t r a t i o n , a g u a r a n t e e was g i v e n t o each and e v e r y 

responden t t h a t t o t a l anonymi ty would he p r e s e r v e d . The 

responden t ' s name was no t r e c o r d e d ^ a l t h o u g h each s u b j e c t was 

g i v u n a p e r s o n a l i s e d number wh ich he was r e q u e s t e d t o quo te 

s h o u l d he w ish t o seek any ' f o l l o w up' i n f o r m a t i o n - T!ie 

second p a r t o f t h e g u a r a n t e e o f anonymi t y concerned t h e names o f 

pe rsons , o t h e r t l i a n t h e responden t ^ who may be used i n t h e 

a d m i n i s t r a t i o n s e s s i o i i . Respondents were i rv formed t h a t t t i e y 

would be r e q u i r e d t o c i t e names o f o t h e r s on c a r d s , b u t t h a t 

upon c o m p l e t i o n o f t i t e e x e r c i s e t h e c a r d s would be d e s t r o y e d 

bv'^fcre tl";e a u t h o r and s u b j e c t l e f t t he a d m i n i s t r a t i o n room. 

The p e r s o n a l i s e d number was randomly drawn f rom a s e t o f numbers 

and a g a i n s t t h i s number the a u t h o r r e c o r d e d o n l y t h e c l a s s o f 

r e s p o n d e n t , i . e . Teacher o f p h y s i c s j S t u d e n t o f p h y s i c s or 

t e a c h e r o t h e r than o f p h y s i c s . 
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The a t t i t u d e i n ven to r y was then admin i s te red . For s tudent 

respondents the i n v e n t o r y r u b r i c was e x p l i c i t about the way i n 

which the i nven to r y should be completed. For the remaining 

two c lasses of respondent a f u r t h e r v e r b a l i n s t r u c t i o n was 

g i v e n , namely t h a t they were t o complete the q u e s t i o n n a i r e , as 

they be l i eved would be app rop r i a t e i f they were now a s tudent 

o f physics i n t h e i r f i r s t year o f undergraduate s tudy. Some 

d i f f i c u l t y was experienced w i t h many o f the n o n - p h y s i c i s t 

respondents who claimed t h a t they , never having s tud ied phys ics , 

cou ld not undertake such a task . To these respondents 

encouragement was of fered^and they were asked t o a t tempt the 

exe rc i se w i t h the prov iso t h a t where any d i f f i c u l t y was 

experienced, the a d m i n i s t r a t o r would be a v a i l a b l e t o he lp . I n 

none o f these cases was f u r t h e r a i d sought, suggest ing t h a t 

these respondents c o u l d ^ i n f a c t , complete the i n v e n t o r y w i t h 

r e l a t i v e ease, w i t h i n the c o n s t r a i n t s imposed. 

T h i r t y minutes was a l l o c a t e d t o t h i s s e c t i o n ( a t t i t u d e 

i n v e n t o r y ) i n c l u d i n g the i n t r o d u c t i o n and c o l l e c t i o n o f 

completed forms. This t i m i n g proved adequate f o r a l l but a 

few respondents. Any v a r i a t i o n i n t i m i n g was r e l a t i v e l y 

unimportant as a d m i n i s t r a t i o n was always undertaken e i t h e r 

i n d i v i d u a l l y or i n smal l groups ( 2 - 3 persons) . I t shoui'J be 

noted t h a t w h i l s t lunch, c o f f e e and tea breaks were a f e a t u r e 

o f the a d m i n i s t r a t i o n sess ion, these were always taken between 

the a d m i n i s t r a t i o n of the a t t i t u d e i n v e n t o r y and the g r i d and 

a t no o ther t ime. 
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The second phase was concerned w i t h the g r i d format and the 

elements. The respondents were i n t r oduced t o the g r i d w i t h a 

b r i e f ( 2 - 3 minute) exp lana t i on i n s imp le terms, o f what they 

would be c a l l e d upon t o do. I t was made c l e a r t h a t they would 

be guided through the process and shou ld , t h e r e f o r e , only • 

concern themselves w i t h each immediate task as i t was presented 

t o them. An envelope c o n t a i n i n g 20 cards corresponding t o t he 

20 elements was then prov ided. They were t o l d t h a t 13 of the 

cards contained r o l e d e s c r i p t i o n s t o which they should 

assoc ia te a named person who should be c i t e d i n the app rop r i a te 

space on each ca rd . The same name was not pe rm i t t ed t o be 

repeated., a l though some cards cou ld be l e f t b lank i f the 

respondent found i t q u i t e imposs ib le t o r e l a t e a name t o the 

r o l e t i t l e . This p a r t o f the e x e r c i s e was v a r i a b l e i n i t s 

consumption o f t ime and f r e q u e n t l y exceeded the 30 minutes 

nominal t ime a l l o c a t i o n . The remaining seven cards had 

passport s i z e photographs o f physics teachers , the l e t t e r code 

(corresponding t o the g r i d column) and a key word o r phrase 

r e l a t e d t o what the teacher was doing on the v ideotape. The 

respondents were a l l g iven the same p r e c i s e i n s t r u c t i o n , 

namely t o watch a videotape which l a s t e d 29 minutes. They 

were t o l d t h a t each o f the seven teachers on the cards would be 

seen c l e a r l y i d e n t i f i e d by the photograph, key word and leUi-ei*' 

fu r thermore they were i n v i t e d t o make any comments they wished, 

r e l a t e d t o what they saw, on the a p p r o p r i a t e cards. The 

exerc ise was then undertaken i n one cont inuous v iew ing . 

Questions were not pe rm i t t ed w h i l s t the v ideotape was runn ing . 
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The t r i a d method of e l i c i t i n g c o n s t r u c t s was then exp la ined , as 

was the sco r ing system and, very s l o w l y , the f i r s t l i n e o f the 

g r i d completed w i t h the a d m i n i s t r a t o r g i v i n g c o n t i n u a l , 

p o s i t i v e , guidance. The respondents were then i n v i t e d t o 

cont inue us ing new c o n s t r u c t s f o r every row, seeking advice 

wherever they f e l t i t necessary. The a d m i n i s t r a t o r kept 

i nvo l ved by asking quest ions where a p p r o p r i a t e , i n the usual 

manner, t o check such i tems o f a p p l i a b i l i t y o f elements t o a 

c o n s t r u c t , b i p o l a r i t y o f c o n s t r u c t s , e t c . A f t e r s i x t o ten 

cons t ruc t s had been e l i c i t e d , the o p t i o n a l l i s t o f i tems was 

provided f o r re fe rence . Few respondents used the l i s t t o 

fo rmula te a c t u a l c o n s t r u c t s , but reading i t o f t e n s t i m u l a t e d 

involvement and seemed t o f a c i l i t a t e new c o n s t r u c t e l i c i t a t i o n . 

On e l i c i t i n g h i s 12th . c o n s t r u c t , a respondent was informed 

t h a t , f o r many people, 20 c o n s t r u c t s were more "han were 

requ i red and t h a t he was t o f e e l f r e e t o cease complet ing the 

g r i d i f i t became apparent t o him t h a t he had exhausted h i s 

r e p e r t o i r e o f c o n s t r u c t s . 

The same procedure was used f o r a l l respondents. 
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7.1. I n t h i s , as I n any r e s e a r c h p r o j e c t , sampl inc j i s an i m p o r t a n t 

mechanism f o r o b t a i n i n g d a t a f r o m a r e s t r i c t e d g roup o f 

responden ts wh ich may be c o n s i d e r e d r e p r e s e n t a t i v e o f t h e t o t a l 

u n i v e r s e o f r e s p o n d e n t s . C l e a r l y i t wou ld be q u i t e i m p o s s i b l e 

t o seek i n f o r m a t i o n f r om e v e r y s t u d e n t and,, o r , t e a c h e r o f 

p h y s i c s i n Great B r i t a i n w i t h i n t h e l i m i t a t i o n s o f a Ph.D. 

r e s e a r c h p r o j e c t . A p a r t f r o m t h e N a t i o n a l Census, w h i c h does 

seek i n f o r m a t i o n f r om e v e r y member o f t h e p o p u l a t i o n ( o r 

u n i v e r s e o f r e s p o n d e n t s ) a l l d a t a g a t h e r i n g t e c h n i q u e s r e l y t o a 

g r e a t e r o r l e s s e r e x t e n t on v a r i o u s s a m p l i n g t e c h n i t ] u e s . B e f o r e 

t h e s t r a t e g y f o r sample s e l e c t i o n adop ted by t h e a u t l i o r i s 

c o n s i d e r e d , some terms r e q u i r e d e f i n i t i o n . 

7.2. The U n i v e r s e o f r e s p o n d e n t s i s d e f i n e d as a l l p o s s i b l e 

respo i^dents w i t h i n t h e a p p r o p r i a t e c a t e g o r y . 

The p o r t i o n o f t h e u n i v e r s e t o w h i c h an a u t h o r was :;cces5 i s 

c a l l e d t h e p o p u l a t i o n . I n t h i s r e s e a r c h t h e a u t h o r n e g o t i a t e d 

access t o teach.ers and s t u d e n t s w i t h j . n seven u n i v e r s i t i e s and 

t w e n t y p o l y t e c h n i c s ( a l t h o u g h i t s h o u l d be n o t e d t h a t n o t a l l o f 

t hose i n s t i t u t i o n s p r o v i d i n g access t o s t u d e n t s were used i n t h e 

r e s e a r c l i ) . The p o p u l a t i o n o f r e s p o n d e n t s t h e r e f o r e were t h e 

s t u d e n t s and s t a f f f u l f i l l i n g t h e a p p r o p r i a t e g roup d e f i n i i H } 

c r i t e r i a who t a u g h t o r s t u d i e d i n t h o s e i n s t i t u t i o n s t o wh ich 

access had been g a i n e d . 

The i n v i t e d sample i s d e f i n e d as a l l e lements o f t h e p o p u l a t i o n 

t o wh i ch an i n v i t a t i o n t o p a r t i c i p a t e i n t h e r e s e a r c h was 
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ex tended . The accep t i nc ] sample was t h a t p o r t i o n o f t h e i n v i t e d 

sample t h a t accep ted t h e i n v i t a t i o n and agreed t o p a r t i c i p a t e . 

F i n a l l y t h e d a t a - p r o d u c i n g sample was t h a t p o r t i o n o f t h e 

a c c e p t i n g sample t h a t a c t u a l l y p roduced d a t a . 

The r e s e a r c h hypotheses r e l a t e t o t h e u n i v e r s e o f r e s p o n d e n t s and 

y e t t h e i r i n v e s t i g a t i o n i s based on t h e d a t a - p r o d u c i n g sample. 

Care has t o be e x e r c i s e d i n s e l e c t i n g a sample such t h a t t h e 

u l t i m a t e group o f d a t a - p r o d u c i n g r e s p o n d e n t s a re n o t u n l i k e t h e 

u n i v e r s e f r o m ivh ich t h e y a r e drawn. 

7.3- Represen ta t i vencGS o f t h e sample i s t h e major c o n s i d e r a t i o n . 

I t i s n o t s u f f i c i e n t t o s e l e c t a r e p r e s e n t a t i v e p o p u l a t i o n a l o n e 

nor i ndeed a r e p r e s e n t a t i v e i n v i t e d sample, i t i s t h e d a t a -

p r o d u c i n g sample wh ich needs t o be r e p r e s e n t a t i v e ^ and so t h e 

q u e s t i o n o f r e p r e s e n t a t i v e n e s s i s a r e c u r r i n g one. 

7.3.1. A t eve ry s tage o f t h e sample s e l e c t i o n f r o m p o p u l a t i o n t o 

d a t a - p r o d u c i n g sample t h e r e i s a r e q u i r e m e n t f o r r e p r e s e n t a t i v e ­

ness, b u t r e p r e s e n t a t i v e i n te rms o f what? C l e a r l y r e p r e s e n t ­

a t i v e n e s s i s r e q u i r e d i n te rms o f t h o s e v a r i a b l e s known t o be 

r e l a t e d t o t h e phenomenon under i n v e s t i g a t i o n . T h i s i m p l i e s 

t h a t t o a c h i e v e r e p r e s e n t a t i v e n e s s a r e s e a r c h e r must know t h e 

c h a r a c t e r i s t i c s wh ich a r e r e l a t e d t o t h e phenomena and/or 

b e h a v i o u r t h a t he i s t o s t u d y . P r e v i o u s r e s e a r c h and t h e o r y 

can p r o v i d e t h i s knowledge_,the f o r m e r o f t h e two b e i n g the most 

u s e f u l i n t h a t i t p r o v i d e s e m p i r i c a l l y demons t ra ted r e l a t i o n s h i p s 

w h i l s t t h e l a t t e r s i m p l y sugges t s t h a t a r e l a t i o n s h i p s h o u l d 
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e x i s t . A d d i t i o n a l l y a researcher i s l i k e l y t o have s u b j e c t i v e 

ideas o f a d d i t i o n a l c h a r a c t e r i s t i c s which he hypothesises might be 

r e l e v a n t a l though n e i t h e r prev ious research nor accepted theory 

supports h i s 'hunch.' O f ten , as w i t h t h i s research, t h e 'hunch' 

l i s t o f c h a r a c t e r i s t i c s i s longer than the o b j e c t i v e l i s t I 

7.3,2. Three d i s t i n c t c l ass o f respondent had been d e f i n e d f o r t h i s 

research , namely 

a) Teachers of f i r s t year undergraduate physics 

b) F i r s t year undergraduate s tudents o f physics 

c ) Teachers o f f i r s t year undergraduates from d i s c i p l i n e s 

o ther than physics 

Thus a s t r a t i f i c a t i o n of the t o t a l un ive rse o f respondents had 

been made t o produce th ree c lasses o f respondents who would 

produce data r e l e v a n t t o the s p e c i f i e d hypotheses. Th is 

s t r a t i f i c a t i o n i d e n t i - f i e d t h r e e ' c h a r a c t e r i s t i c s ' o f respondents 

i n t h a t each sample group would have t o e x h i b i t some 

' q u a l i f i c a t i o n s ' which enabled them t o c o r p o r a t e l y f u l f i l the 

c lass t i t l e . I n other words respondents i n the c lass o f 

'teachers o f f i r s t year undergraduates phys ics ' had t o be 

c u r r e n t l y employed f o r a t l e a s t some o f t h e i r t ime i n t he task o f 

teach ing phys ics t o f i r s t year undergraduates! 

From the l i t e r a t u r e , some c h a r a c t e r i s t i c s can be i d e n t i f i e d as 

impo r tan t . Of these the sec to r f rom which the respondents were 

drawn seemed c r u c i a l . There i s some unpubl ished evidence t o 

suggest t h a t the p u b l i c sec to r ( P o l y t e c h n i c s ) and the p r i v a t e 

sec to r ( U n i v e r s i t i e s ) would produce d i f f e r e n t types o f respondent 
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f o r a v a r i e t y o f reasons. Representat iveness i n t h i s respect 

could be ensured by s e l e c t i n g equal numbers of respondents from 

each type of i n s t i t u t i o n . (An a n a l y s i s o f the data c o l l e c t e d 

has i n d i c a t e d t h a t the re was no s i g n i f i c a n t d i f f e r e n t between 

these groups on any of the hypotheses). 

The two c h a r a c t e r i s t i c s hypothesised as being o f g rea t importance 

were a t t i t u d e and pedagogic p r a c t i c e . W h i l s t evidence was 

a v a i l a b l e from the l i t e r a t u r e t o suppor t t h i s , these v a r i a b l e s 

were c r u c i a l t o the i n v e s t i g a t i o n o f t he hypotheses and 

necess i t a ted the development o f t he i n s t r u m e n t a t i o n descr ibed i n 

Chapters 3 and 6. Representat iveness on these v a r i a b l e s could 

not be ensured before the research was undertaken and so random 

s e l e c t i o n techniques were u t i l i s e d . Other c h a r a c t e r i s t i c s 

considered wor th ensur ing rep resen ta t i veness on were: 

i ) Age (a,c) 

i i ) Sex (a,b,c) 

i i i ) Experience; l e n g t h o f s e r v i c e (a,c) * 

i v ) Physics main vs . Physics s u b s i d i a r y (a) 

v) Teacher t r a i n e d vs graduate on ly (a ,c ) 

v i ) Volunteer vs Conscr ip t (a,b,c) 

v i i ) Unknown c h a r a c t e r i s t i c s (a,b,c) 

(Note: The l e t t e r s i n pa ren thes is correspond t o the 

c lasses o f respondent l i s t e d a t t he s t a r t o f paragraph 7.3.2.). 

I n order t o ensure representa t i veness on a l l these v a r i a b l e s one 

needs t o know which c h a r a c t e r i s t i c s are r e l a t e d t o the phenomenon 

under s tudy, and have the a b i l i t y t o measure each c h a r a c t e r i s t i c 

as w e l l as having popu la t i on data on the c h a r a c t e r i s t i c t o use as 
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the bas is f o r comparison. Where such knowledge was not 

a v a i l a b l e random sampling was used. The f l o w c h a r t o f 

F i g . 7/1 i l l u s t r a t e s how the research sample was i d e n t i f i e d 

FIG. 7/1 ABOUT HERE 

Some e l a b o r a t i o n i s necessary, p a r t i c u l a r l y w i t h regard t o 

the a c t i v i t i e s assoc ia ted w i t h the box a s t e r i s k e d . 

Having i d e n t i f i e d seven u n i v e r s i t i e s and twenty po l y t echn i cs 

which i t was poss ib le f o r the author t o v i s i t f o r c o l l e c t i n g da ta , 

f i v e o f each were i n v i t e d t o p a r t i c i p a t e . ( P r o p o r t i o n a l l y about 

h a l f o f a l l s tudents of physics are i n each type o f i n s t i t u t i o n ) . 

The ten were chosen t o cover a geograph ica l area from Plymouth t o 

Newcastle w i t h both l a r g e and sma l l i n s t i t u t i o n s i n c l u d e d . Nine 

agreed t o p a r t i c i p a t e . Wh i l s t the f l o w diagram i n d i c a t e s t h a t 

the re was a subsequent i n v i t a t i o n extended t o another i n s t i t u t i o n 

t o rep lace the one wh.LCh re fused , t h a t acceptance a r r i v e d too l a t e 

i n the t ime schedule f o r i t t o be used and so data was c o l l e c t e d 

from f o u r u n i v e r s i t i e s and f i v e p o l y t e c h n i c s . 

i n s e l e c t i n g t he data producing sample the c h a r a c t e r i s t i c s 

l i s t e d had t o be considered. For many (such as sex, age and 

experience) measurement was s t r a i g h t f o r w a r d , f o r o the rs more 

d i f f i c u l t . The author was p a r t i c u l a r l y concerned t h a t he may 

have omi t ted some impor tan t c h a r a c t e r i s t i c which n e i t h e r he nor 
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FIGURE 7/1 FLOW CHAUT OF SAl-lPLll SELECTION STRATEGY 
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previous research had i d e n t i f i e d . To minimise the r i s k o f 

such an omission a l l the p o t e n t i a l respondents from the nine 

i n s t i t u t i o n s were l i s t e d and the data producing sample i d e n t i f i e d 

by randomly s e l e c t i n g i n d i v i d u a l s f rom these l i s t s i n such a way 

t h a t representa t iveness was maintained across the c r i t e r i a known 

t o be impor tan t and which could be measured. Sex may be c i t e d 

as an example. Less than 5% of phys ics teachers are female. 

The author 's sample r e f l e c t e d t h i s imbalance o f t he sexes. I t 

i s impor tan t t o note t h a t the issue i s not how l a r g e t he 

popu la t i on i s , nor how l a r g e a p r o p o r t i o n o f the un iverse i s 

represented i n the p o p u l a t i o n . I t i s concerned i n s t e a d w i t h 

whether or no t , i n terms o f f a c t o r s impor tan t t o the research 

problem the data producing sample can be considered rep resen t ­

a t i v e o f the un iverse and hence whether g e n e r a l i s a t i o n s may be 

made about the un iverse f o r data obta ined from the chosen sample. 

This a b i l i t y t o gemrcal ise i s not dependent on l a r g e num.bers o f 

respondents. 

The sample from which data was c o l l e c t e d cons i s ted o f 37 s tuden ts , 

21 physics teachers and 18 teachers o f s u b j e c t s o ther than 

phys ics . Of these some f a i l e d t o produce v a l i d data and so the 

data producing sample was somewhat reduced as i n d i c a t e d i n 

Table 7/1 

TABLE 7/1 ABOUT HERE 

I t should be noted t h a t the number o f respondents i n v i t e d t o 

prov ide data was chosen' f rom both those agreeing t o p a r t i c i p a t e 

( t h e accept ing sample) and those who had dec l i ned t o p a r t i c i p a t e 
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TABLE 7/1, Sizes o f data producing sample 

Number i n v i t e d 
t o 
p a r t i c i p a t e 

Number.from 
which v a l i d 
data was 
c o l l e c t e d 

Percentage of 
accep t ing sample 
producing data 

Teachers 
of 
Physics 

21 19 

Students 
of 
Physics 

37 33 89.19 

Teachers 
o ther than 
of Physics 

18 17 
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( i n p r o p o r t i o n ) i n an at tempt t o c o n t r o l f o r any b ias i n t r o d u c e d 

by s e l e c t i n g on ly from respondents agreeably disposed t o prov ide 

data. This was achieved by approaching the sample i d e n t i f i e d and 

asking them i f they would p a r t i c i p a t e . Those who agreed were 

• included, ( the accept ing sample) and those who dec l i ned were 

approached i n d i v i d u a l l y and a sma l l number coerced i n t o 

p a r t i c i p a t i o n . The numbers i n v o l v e d were smal l (8 ou t o f 76) 

and i n p r o p o r t i o n t o the accep tance / re jec t i on r a t i o i d e n t i f i e d 

when the i n v i t e d sample was determined ( i . e . 10%) . Al though the 

anonymity o f the data precludes the p o s s i b i l i t y o f t e s t i n g the 

idea , i t may w e l l be t h i s group generated d i f f e r e n t r e l a t i o n s h i p s . 

A l l data producing samples were b e t t e r than 89% r e p r e s e n t a t i v e o f 

the groups from which data were c o l l e c t e d . 

7.4. 'Random sampling' i s a term which has been used f r e q u e n t l y i n 

paragraph 7.3.2. 'fhe au t i i o r l̂ as used i t as a genera l term t o 

embody systemat ic s e l e c t i o n . I n i t s pure form one would use a 

t a b l e o f random numbers t o s e l e c t i n d i v i d u a l s from a poo l 

p r e v i o u s l y numbered i n some way, i t i m p l i e s t h a t every i tem has 

an equal chance o f being s e l e c t e d . Such a technique was used 

having f i r s t s t r a t i f i e d t h e p o p u l a t i o n aga ins t the c r i t e r i a noted, 

thus each 'draw' o f a number from the pool was cons t ra ined by the 

l i m i t s imposed by such groups c h a r a c t e r i s t i c s . I n common 

par lance the draw could be s a i d t o be loaded i n favour o f those 

respondents e x h i b i t i n g p a r t i c u l a r c h a r a c t e r i s t i c s . Thus the age, 

sex, exper ience, graduate/non-graduate, e t c . , c h a r a c t e r i s t i c s were 

represented i n the sample used i n the same p r o p o r t i o n as they were 

found t o e x i s t i n the un iverse o f respondents. 
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7.5. The reader has n o t , as y e t , been prov ided w i t h t he reasoning 

behind the numbers of respondents chosen. The author be l i eves 

t h a t s i z e i s l ess impor tan t than rep resen ta t i veness , bu t having 

determined the minimum number o f respondents r e q u i r e d f o r 

representa t i veness the re i s the secondary ques t ion r e l a t e d t o the 

numbers r e q u i r e d t o minimise the i n t r o d u c t i o n of type 1 or type 2 

e r r o r s w i t h respect t o the hypotheses. 

The problem i s c i r c u l a r i n t h a t t he l a t t e r type o f c o n s i d e r a t i o n 

might demand an increase from 10 t o 15 respondents r ende r i ng i t 

d i f f i c u l t t o ma in ta in t he same degree of represen ta t i veness w i t h 

15 as had been achieved w i t h 10. The author chose t o determine 

minimum numbers of respondents i n each c lass t o l i m i t the 

chances o f e r r o r s t o l e s s than 5% and then inc rease t h i s number 

t o the nearest m u l t i p l e o f t he represen ta t i veness c r i t e r i a . 

(The .05 l e v e l of s i g n i f i c a n c e had been chosen as the l e v e l a t 

.which the i n v e s t i g a t i o n o f the hypotheses would be undertaken -

i t was t h e r e f o r e impe ra t i ve t h a t rep resen ta t i veness e r r o r s i n 

excess of 5% were not i n t r o d u c e d , hence 5% was determined as the 

cu t o f f p o i n t . I n p r a c t i c e , the sample s e l e c t i o n was undertaken 

w i t h representa t iveness nearer (though not below) an e r r o r 

margin o f 1%), This gave 21 , W and 18 as the va lues o f N f o r 

Physics teachers, physics s tuden ts and o ther teachers respec t ­

i v e l y . Due t o a l ack o f females i n the s tudent p o p u l a t i o n , the 

middle number was necessa r i l y reduced t o 37 as i n d i c a t e d i n 

Table 7/1. 
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7.6. From the very nature o f the i n s t r u m e n t a t i o n respondents were 

able t o deduce t h a t the research data cou ld be used t o i d e n t i f y 

personal a t t i t u d e s and personal pedagogic s t r eng ths and weaknesses, 

Teachers and t h e i r p r o f e s s i o n a l a s s o c i a t i o n s are very conse rva t i ve 

about assessing teaching and t h e r e was an i m p l i c i t element o f 

assessment embodied i n the i n s t r u m e n t a t i o n . 

The author considered the scenar io o f undergraduate teach ing and 

f e l t t h a t many respondents who had agreed t o p a r t i c i p a t e may 

withdraw t h e i r consent when, and i f , the t h r e a t o f an assessment 

element became apparent. For t h i s reason anonymity guarantees 

were g iven i n the usual way, bu t supported by an o v e r t methodol­

o g i c a l at tempt t o ensure t h a t no i n d i v i d u a l ' s response could ever 

be a t t r i b u t e d t o him. Such c a u t i o n proved b e n e f i c i a l i n t h a t no 

respondent withdrew consent (a l though a few respondents prov ided 

i n v a l i d d a t a ) . I n c o n t r a s t a nega t i ve aspect became apparent 

du r ing the data a n a l y s i s . These were respondents v̂ho e x h i b i t e d 

s p e c i a l , and i n t e r e s t i n g , p r o f i l e s w i t h areas of u n c e r t a i n t y * 

I n such cases the author would have l i k e d t o r e t u r n t o the 

respondent t o explore these areas f u r t h e r , however, t he anonymity 

guaranteeing system proved so e f f e c t i v e t h a t such f o l l o w up 

e n q u i r i e s proved impossib le t o conduct, because i n d i v i d u a l 

analyses could not be a t t r i b u t e d t o a s p e c i f i c i n d i v i d u a l , noc 

f o r t h a t matter could an i n d i v i d u a l ' s i n s t i t u t i o n be i d e n t i f i e d I 

7.7. The author v i s i t e d the nine i n s t i t u t i o r x s du r ing t he l a s t 

qua r te r o f 1976 and the f i r s t q u a r t e r o f 1977. I n d i v i d u a l 

a d m i n i s t r a t i o n sessions were arranged f o r most respondents 

a l though smal l groups of 2 or 3 respondents were o c c a s i o n a l l y the 
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sub jec ts o f j o i n t a d m i n i s t r a t i o n . The average complet ion t ime 

f o r the i n s t r u m e n t a t i o n was t h r e e hours and a t o t a l o f 186 hours 

was spent i n c o l l e c t i n g da ta . Resource l i m i t a t i o n s prec luded the 

p o s s i b i l i t y o f c o l l e c t i n g the data i n a sys temat ic way as 

subsistence and t r a v e l l i n g cos ts were so h igh t h a t the author 

c o l l e c t e d data when h i s o ther employment commitments took him 

near t o the l o c a t i o n of a respondent. The m a j o r i t y o f 

respondents appeared t o en joy t h e exper ience, and w h i l s t f o l l o w 

up d iscuss ions were not f o r m a l l y o f f e r e d , twenty respondents have 

telephoned or w r i t t e n t o the author t o seek feedback i n f o r m a t i o n . 

Un fo r t una te l y such feedback cou ld not be g iven as the i n d i v i d u a l ' s 

data became anonymous as soon as the o r i g i n a l g r i d was processed. 

Such i n t e r e s t prompted the development o f an assoc ia ted p r o j e c t 

descr ibed i n Chapter 10. 

187 



All Ai'fmi)^ :><iAiiM 

ANALYSIS OF RESULTS 

WITH RESPECT TO 

HYPOTHESES 

188 



8.1. Th is chapter cons iders each hypothes is i n t u r n i n r e l a t i o n t o 

the data. 

8.2. Before moving t o a c o n s i d e r a t i o n o f each hypothesis the format 

of the data may be considered. For each i n d i v i d u a l respondent 

two i n d i v i d u a l i s e d sets o f data are a v a i l a b l e ; f i r s t l y 

i n f o r m a t i o n from the respondents comple t ion o f the a t t i t u d e 

i n ven to r y and secondly t he a n a l y s i s o f t he i n d i v i d u a l s g r i d . 

A d d i t i o n a l l y respondents have been grouped accord ing t o t h e i r 

a t t i t u d e score on each f a c t o r o f the a t t i t u d e i n v e n t o r y and f o r 

these groups a corpora te a n a l y s i s (us ing PREFAN, see Chapter 6) 

has been undertaken. New v a r i a b l e fo rmat cards were produced t o 

s e l e c t f o r a n a l y s i s on ly those elements common t o a l l respondents 

A l l sub jec ts i d e n t i f i e d as members o f a common a t t i t u d e group had 

t h e i r i n d i v i d u a l g r i d s 'stacked' t o produce one very . long g r i d 

having common elements. The a n a l y s i s o f t h i s composite g r i d may 

be used t o prov ide some i n f o r m a t i o n o f group pe rcep t i ons . 

8.3. Hypothesis 1 

" A t t i t u d e t o phys ics , measured by the a t t i t u d e t o physics 

i nven to r y t o t a l score i f a p p r o p r i a t e , (and on each independent 

f a c t o r i f composite sco r ing i s i n a p p r o p r i a t e ) , w i l l be more 

p o s i t i v e f o r teachers o f undergraduate phys ics than f o r f i r s t 

year undergraduate students o f phys ics . " 

8.3.1. Evidence has been presented i n Chapter 6 t o show t h a t a 

composite score produced by adding t oge the r an i n d i v i d u a l ' s 

score on each f a c t o r o f the a t t i t u d e i n v e n t o r y i s an i n v a l i d 
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process. The hypothesis has, t h e r e f o r e , t o be considered 

aga ins t each f a c t o r . Table 8/1 i d e n t i f i e s the a c t u a l scores f o r 

a l l the r e l e v a n t respondents w h i l s t 8/2 s p e c i f i e s the r e l a t i o n ­

sh ips between them. 

TABLE 8/1 ABOUT HERE 

TABLE 8/2 ABOUT HERE 
> 

8.3.2. Before d i f f e r e n c e s between the groups may be compared, a 

number o f f a c t o r s r e q u i r e c o n s i d e r a t i o n . F i r s t l y , t he n u l l 

hypotheses has t o be s t a t e d . The hypothesis s t a t e d i n 

paragraph 8.3. i m p l i e s a one t a i l e d t e s t (as the d i r e c t i o n o f any 

d i f f e r e n c e i s made e x p l i c i t ) . The n u l l hypothes is may 

t h e r e f o r e be s t a t e d as: 

"The mean score computed from a l l respondents who were teachers 

of f i r s t year undergraduate physics w i l l not d i f f e r f rom the mean 

score computed from a l l f i r s t year undergraduate phys ics 

s t u d e n t s r " The hypothesis w i l l apply t o each o f the f o u r 

d i s t i n c t a t t i t u d i n a l f a c t o r s . 

Secondly, l i m i t s need t o be s p e c i f i e d f o r accep t ing or r e j e c t i n g 

;̂he n u l l hypothes is . Fo l l ow ing the d iscuss ions o f e a r l i e r 

chapters which d e a l t w i t h t he methodolog ica l development, i t w i l l 

, be r e c a l l e d t h a t the 0.05 l e v e l o f s i g n i f i c a n c e has been adopted 

throughout t h i s research. Therefore the 0.05 l e v e l of 

s i g n i f i c a n c e w i l l be used i n c o n s i d e r i n g the n u l l hypothes is . 

Such an adopt ion o f a l e v e l o f s i g n i f i c a n c e p resc r i bes the l i m i t s 
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TABLE 8/1 SCORES QBTAIHED BY RESPONDENTS ON ATTITUDE INVENTORY 

Teachers o f Physics Students o f Physics 

A B C D A B C D 

22 17 20 19 28 21 21 23 • 
20 . 18 22 19 18 19 18 16 
27 '27 24 16 17 19 12 11 
20 18 20 19 21 20 20 16 
20 '24 23 21 23 15 18 25 
23 22 20 20 22 27 25 21 
24 29 27 20 21 21 20 14 
18 25 25 24 26 17 23 23 
"24 14 14 16 26 22 25 20 
24 18 17 15 17 21 25 25 
20 "18 20 12 20 26 21 16 
16 "16 19 21 17 22 24 16 
25 17 24 18 21 22 22 28 
25 22 19 18 18 28 28 24 
20 24 23 16 17 17 "27 19 
19 26 24 20 17 25 21 21 
25 16 14 21 22 28 22 22 
22 22 20 20 21 21 30 25 
22 25 15 17 18 21 20 13 

18 24 25 19 
19 17 23 20 
22 17 18 18 
18 26 16 17 
25 19 18 17 
15 20 26 17 
22 30 26 23 
13 15 11 15 
22 22 19 15 
15 23 21 16 
16 25 15 16 
25 15 22 22 
18 26 16 6 
23 20 30 25 
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TABLE 8/2 

Means, standard d e v i a t i o n s and r e l a t i o n s h i p s between 
comparison groups 

Teachers of Physics Mean S.D. 

A t t i t u d e f a c t o r A 21.90 2.85 

A t t i t u d e f a c t o r B 20.95 ^.38 

A t t i t u d e f a c t o r C 20.53 3.70 

A t t i t u d e f a c t o r D 18.53 2.7if 

Students of Physics 

A t t i t u d e f a c t o r A 20.03 3.59 

A t t i t u d e f a c t o r B 21.55 if.02 

A t t i t u d e f a c t o r C 21A6 i f.62 

A t t i t u d e f a c t o r D 18.91 i f . 7 ^ 

N Teachers = 19 

N Students = 33 
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w i t h i n which a type 1 e r r o r might be made. (Type 1 e r r o r s being 

made when one r e j e c t s the n u l l hypothes is by marking a 

d i f f e r e n c e s i g n i f i c a n t , a l though no t r u e d i f f e r e n c e e x i s t s ) . 

There i s t h e r e f o r e a 5% chance t h a t a type 1 e r r o r may be made. 

The adopt ion o f a 0.05 l e v e l o f s i g n i f i c a n c e r a i s e s ^ t h e chances 

o f making a type 1 e r r o r t o 5%, however i t l i m i t s the p r o b a b i l i t y 

o f making a type 2 e r r o r - (Type 2 e r r o r s being made when one 

accepts a n u l l hypothesis by marking a d i f f e r e n c e not s i g n i f i c a i ^ t , 

when a t r u e d i f r c r e n c e a c t u a l l y e x i s t s ) . However, i n t h i s 

p a r t i c u l a r case there i s an a d d i t i o n a l p o s s i b i l i t y of making a 

type 2 e r r o r . IP , upon examinat ion of the data, the n u l l 

hypothesis i s accepted as a one t a i l tesL one i s able t o say, w i t h 

5% c e r t a i n t y o f being c o r r e c t , t h a t teachers do not have more 

p o s i t i v e scores on a given f a c t o r than do s tudents , but w i t h o u t 

i n v e s t i g a t i n g whether they have a s i g n i f i c a n t l y lower score 

(more negat ive) a type 2 e r r o r might be i n t roduced . This danger 

may be removed by f i r s t i n v e s t i g a t i n g the n u l l hypothesJ.s w i t h a 

two t a i l e d t e s t t o determine i f any d i f f e r e n c e e x i s t s , and then 

checking w i t h a one t a i l e d t e s t t o determine i f the d i r e c t i o n of 

the d i f f e r e n c e co inc ides w i t h t h a t p r e d i c t e d by the hypothes is 

under i n v e s t i g a t i o n , 

8.3.3. I n determin ing the s i g n i f i c a n c e of d i f f e r e n c e s between 

means, a v a r i e t y o f s t a t i s t i c a l approaches may be made. The 

best choice of s t a t i s t i c i s most l i k e l y t o be made having 

considered the popu la t i on and the sampling procedure. I n t h i s 

case numbers of respondents are r e l a t i v e l y smal l (Mĵ = 19:N2= 33) 
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but are independent and not c o r r e l a t e d (as the samples are drawn 

from d i f f e r e n t p o p u l a t i o n s ) . Had both samples been l a r g e 

( i . e . ^ 30) the formula 

cou ld have been used where: 

^ - Standard -Error o f the d i f f e r e n c e between the 

two samples means 

- Standard d e v i a t i o n o f sample 1 

Nĵ  = Number o f respondents i n sample 1 

^ = S.D, o f sample 2 

N2 = Number of respondents i n sample 2 

D i r e c t adopt ion o f t h i s formula would be unwise w i t h one sample 

of l e ss than 30 respondents. However, the danger o f us ing the 

formula above i s negated i f both samples may be considered t o 

be normal ly d i s t r i b u t e d . The author has computed ^ ^ values 

(Chapter 6) and founr! a l l o f these d i s t r i b u t i o n s t o approximate 

t o a normal curve and so the formula 8/1 would appear t o be 

s a t i s f a c t o r y . A second check on the n o r m a l i t y o f t he 

d i s t r i b u t i o n was made by app ly ing the Kolmogorov-Smirnov t e s t 

(K-S t e s t , G u i l f o r d 19h(i) which i n d i c a t e d some smal l d e v i a t i o n 

f rom n o r m a l i t y . The K-S t e s t i t s e l f i s more a p p r o p r i a t e l y 

a p p l i e d t o l a r g e samples (30+) and so the r e s u l t may be spur ious . 

However, s u f f i c i e n t doubt remained i n t he author 's mind t o lead 

him t o apply the K-S t e s t as an a d d i t i o n a l way o f de termin ing 

the standard e r r o r o f the d i f f e r e n c e between group means- There 
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being no d i f f e r e n c e i n the r e s u l t s the adopt ion o f formula 8/1 

was made and a l l the c a l c u l a t i o n s l ead ing t o the r e s u l t s i n t a b l e 

8/3 have been based on t h i s fo rmu la . 

The author was more i n t e r e s t e d i n d i f f e r e n c e s which occurred a t 

the ends o f the d i s t r i b u t i o n r a t h e r than a t t he cen t re and the 

adopt ion o f t h i s formula accentuated such d i f f e r e n c e s thus 

reduc ing the p o s s i b i l i t y o f e r r o r i n t r o d u c t i o n . 

TABLE 8/3 ABOUT HERE 

8.3.^.The n u l l hypothesis i s r e j e c t e d f o r Factor A (Examination 

o r i e n t a t i o n ) . One may deduce, w i t h a t l e a s t 95% assurance, 

t h a t the d i f f e r e n c e s noted have 

not appeared by chance, i . e . t h a t teachers o f f i r s t year under­

graduates e x h i b i t a more p o s i t i v e o r i e n t a t i o n towards examinat ion 

success than do t h e i r s tuden ts . The f a c t o r e n t i t l e d 'exam 

o r i e n t a t i o n ' r e f e r s t o the ex ten t t o which a respondent be l i eves 

t h a t the pedagogic experience i n f i r s t year undergraduate 

physics courses ought t o be based on the demands o f an examin­

a t i o n . The mean scores f o r t he teacher group and the s tudent 

group s i g n i f i c a n t l y exceed the n e u t r a l a t t i t u d e value (15)-

but the teachers score s i g n i f i c a n t l y h igher than do t h e i r 

s tuden ts , t h i s i m p l i e s t h a t both ca tego r i es o f respondent b e l i e v e 

exam o r i e n t a t i o n t o be impor tan t .bu t the teachers value 

examination o r i e n t a t i o n i n t h e i r pedagogic p r a c t i c e s i g n i f i ­

c a n t l y more than t h e i r s tuden ts . 
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TABLE 8/3. The s i v^ r . i f i cance of d i f f e rences between means f o r Teachers of Physics and Students of Physics 

! 
N = 33 

s 

f } ^ = 

0 = 

\' ''s 

t = 

D/x 

1 t a i l t e s t a t 
0.05 l e v e l of 
s i g n i f i c a n c e 

2 t a i l t e s t a t 
0.05 l e v e l of 
s i g n i f i c a n c e 

FACTOR A 21.90 20.03 + 1.87 0.91 + 2.05 
RE3ECT 
n u l l hypothesis 

RE3ECT 
n u l l hypothesis 

FACTOR B 20.95 21.55 - 0.60 1.23 - QA9 
ACCEPT 
n u l l hypothesis 

ACCEPT 
n u l l hypothesis 

FACTOR C 20.53 21.if6 - 0.93 1.11 - O.Sif 
ACCEPT 
n u l l hypothesis 

ACCEPT 
n u l l hypothesis 

FACTOR D 18.53 18.91 - 0,3S - 0.37 
ACCEPT 
n u l l hypothesis 

ACCEPT 
n u l l hypothesis 

Mt = Mean of teacher sample, Ms = Mean of student sample. 

6̂  D - Standard e r r o r on the d i f f e r e n c e betv/een nieans. D = Di f fe rence between means. 

t = Fishers ' t ' s t a t i s t i c which i s a c r i t i c a l r a t i o (al though not a l l CRs are * t ' s ) . 

S t a t i s t i c s i n t h i s t a b l e r e f e r t o an i n v e s t i g a t i o n of the n u l l hypothesis a r i s i n g from research hypothesis 
number one 



On a l l the o ther f a c t o r s the n u l l hypothes is i s accepted, 

imp ly ing t h a t the re i s no d i f f e r e n c e between teachers and 

students i n t h e i r a t t i t u d e s t o these f a c t o r s . W h i l s t the values 

are by no means s i g n i f i c a n t i t i s i n t e r e s t i n g t o comment on an 

apparent t r e n d , c o n t r a r y t o the r e s u l t a n t i c i p a t e d by the 

o r i g i n a l hypothes is , namely t h a t on a l l o the r f a c t o r s the 

students e x h i b i t a s l i g h t l y more p o s i t i v e a t t i t u d e than do t h e i r 

teachers. 

8.̂ . Hypothesis 2. 

" A t t i t u d e t o phys ics , measured by the a t t i t u d e t o physics 

i nven to r y t o t a l score i f app rop r i a te (and on each independent 

f a c t o r i f composite sco r i ng i s i n a p p r o p r i a t e ) , w i l l be more 

p o s i t i v e f o r f i r s t year undergraduate s tuden ts o f phys ics than 

f o r academic teach ing s t a f f from d i s c i p l i n e s o ther than phys ics . " 

The r e l e v a n t n u l l hypothesis i s as f o l l o w s : -

"The mean score computed from a l l respondents who were f i r s t year 

undergraduate s tudents o f physics w i l l no t d i f f e r f rom the mean 

score computed from a l l respondents who were teachers o f 

sub jec ts o ther than phys ics . " 

The arguments s p e c i f i e d i n paragraph 8.3. may be a p p l i e d t o t h i s 

hypothesis w i t h t he consequent ia l p roduc t i on o f Table 8/̂ . 

TABLE 8/̂  ABOUT HERE 

8.^.1- A s u b j e c t i v e c o n s i d e r a t i o n o f the hypothes is might lead t he 
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TABLE 6/̂. The s i g n i f i c a n c e of d i f f e r e n c e between means f o r teachers of d i s c i p l i n e s other than physics and 

students of physics. 

% - 33 '̂'I'iPO 

( < r ) 

M 

s 

( ^ ) 

D = 

'̂'NOP- % 

JD = 

(TMOP 6"S 

^̂ MOP ̂  '-'s 

t = 

OD 

1 t a i l t e s t a t 
.05 l e v e l of 
s i g n i f i c a n c e 

2 . t a i l t e s t a t 
.05 l e v e l of 
s i g n i f i c a n c e 

F AC 10,1 A 19.32 

(3.73) 

20.02 

(3.59) 
- 0.21 0.53 - 0.36 ACCEPT 

n u l l hypothesis 

ACCEPT 

n u l l hypothesis 

FACTOR B 21.12 

(̂!-.0Ŝ; 

21.55 

(̂ .̂02) 
- 0.-̂3 0.60 - 0.72 ACCEPT 

n u l l hypothesis 

ACCEPT 

n u l l hypothesis 

FACTOR C 17.88 

(̂ .33) 

21.̂ 6 - 3.58 0.63 - 5.68 REJECT 

n u l l hypothesis 

REJECT 

n u l l hypothesis 

FACTOR D 17.29 

(̂ .70) 

16.91 

(t̂ .7£f) 
- 1.62 0.65 . 2.A-9 REJECT 

n u l l hypothesis 

REJECT 

n u l l hypothesis 

M 
NOP 

Mean of non-physics teachers. d . f . = (N^ + H,) = £̂8. 

Otherwise coded as Table 8/3. 
S t a t i s t i c s i n t h i s t a b l e r e l a t e t o the n u l l hypothesis a r i s i n g from research hypothesis 2 

= Mean of student sample 



reader t o the conc lus ion t h a t i t s t a t e s the obvious. As 

teachers o f sub jec ts o ther than physics w i l l e v i d e n t l y have 

chosen not t o pursue t h a t s u b j e c t a t some t ime i n t h e i r pas t , 

one might deduce t h a t such a d e c i s i o n would imply t h a t t h e i r 

a t t i t u d e t o the sub jec t (phys i cs ) as measured by the f o u r 

a t t i t u d i n a l f a c t o r s , would be l e s s p o s i t i v e than f o r s tudents 

who had made a choice i n favour o f s tudy ing the s u b j e c t . This 

s u b j e c t i v e view was found t o be c o r r e c t f o r f a c t o r s C and D, 

Thus both i n t r i n s i c m o t i v a t i o n t o study physics (C)^and 

pleasure from physics (D)yare more l i k e l y t o be p o s i t i v e 

a t t r i b u t e s of the s tudent o f physics than o f an academic teacher 

of a sub jec t o ther than phys ics . Hov/ever, the data f a i l s t o 

r e j e c t the n u l l hypothesis on the f i r s t two f a c t o r s . Therefore, 

a l though the t r e n d of the"data ( t h e d i f f e r e n c e between means) 

supports the hypothes is , the s t a t i s t i c a l a n a l y s i s i n d i c a t e s t h a t 

the re i s no d i f f e r e n c e between f i r s t year undergraduate physics 

students and teachers o f sub jec t s o ther than phys ics i n t h e i r 

a t t i t u d e towards 'exam o r i e n t a t i o n ' (Factor A - t he importance of 

physics teaching as a means t o passing examinat ions) and 

' p r a c t i c a l o r i e n t a t i o . i ' (Factor B - the importance o f the 

p r a c t i c a l aspects or usefu lness o f p h y s i c s ) . 

8.5. r iypcthesis 3 

" F i r s t year undergraduate s tuden ts o f physics w i l l be more 

p o s i t v e l y o r i e n t a t e d towards the requirements o f an examinat ion, 

measured by Factor A o f the a t t i t u d e t o physics i n v e n t o r y , 

than w i l l teachers o f undergraduate phys ics , " 
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The i m p l i c a t i o n of t h i s hypothesis i s t h a t s tudents w i l l see 

'overcoming the hu rd le ' o f an examination more impo r tan t than 

reading physics f o r physics sake. 

The data suggests the c o n t r a r y view i s c o r r e c t . Table 8/5 i s 

an e x t r a c t o f the r e l e v a n t data from t a b l e 8/3. 

Table 8/5. A comparison of s tudent and teacher a t t i t u d e s t o an 

examination o r i e n t a t i o n i n physics t each ing . 

Teacher mean score = 21.90; (TT = 2.85 

Student mean score = 20.03; (Ts = = 3.59 

D i f f e rence between means = + 1.87; (TD = = 0.91 

t -score = + 2.05 

I t i s q u i t e c l e a r from the data i n t a b l e 8/5 t h a t the teachers , 

not the s tudents , p r i z e examinat ion o r i e n t a t i o n ( w i t h i n the 

teach ing of phys ics) more h i g h l y - The s tudents are l e s s 

w i l l i n g t o see t h e i r teach ing d i r e c t e d p r i n c i p a l l y towards 

examination success than are t h e i r teachers. As w i l l become 

ev ident i n Chapter 9, t h i s r e s u l t i s c o n t r a r y t o popular op i n i on 

amongst those concerned w i t h physics educat ion. 

8.6. Hypothesis 4. 

"Teachers of undergraduate physics w i l l e x h i b i t a more p o s i t i v e 

o r i e n t a t i o n towards p r a c t i c a l work, i n t r i n s i c m o t i v a t i o n and 

o b t a i n i n g pleasure from physics i n s t r u c t i o n , measured by the 

th ree respec t i ve f a c t o r s from the a t t i t u d e t o phys ics i n v e n t o r y , 
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than w i l l f i r s t year undergraduate students o f phys i cs . " 

The r e l e v a n t data may be e x t r a c t e d from t a b l e 8/3, and i s 

reproduced as t a b l e 8/6, 

TABLE 8/6* The d i f f e r e n c e between the mean scores o f teachers 

and students on Factors B, C and 0 of the a t t i t u d e 

t o physics i n v e n t o r y . 

Teachers Students D i f f e r e n c e 

Mean; f a c t o r B 20.95 21.55 - 0.60 

Mean; f a c t o r C 20.53 21.^6 - 0.93 

Mean: f a c t o r D 18.53 18.91 - 0.38 

8.6.1- None o f the d i f f e r e n c e s between means were found t o be 

s i g n i f i c a n t and so one must conclude t h a t the re i s no d i f f e r e n c e 

between the way i n which s tudents and teachers respond t o these 

th ree a t t i t u d i n a l f a c t o r s (B, p r a c t i c a l o r i e n t a t i o n ; C, i n t r i n s i c 

m o t i v a t i o n and D, personal p leasure from p h y s i c s ) . Al though not 

s i g n i f i c a n t , i t should be noted t h a t the t r e n d i n a l l th ree 

d i f f e r e n c e s was i n the oppos i te d i r e c t i o n t o t h a t hypothes ised. 

8.7. Three ca tegor ies o f respondent provided data f o r t he research. 

These were f i r s t year undergraduate s tudents o f phys ics 

( r e f e r r e d t o i n f u t u r e as ' s t u d e n t s ' ) , teachers o f f i r s t year 

undergraduate physics ( r e f e r r e d t o as physics .teachers) and 
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teachers o f undergraduate s u b j e c t s o ther than physics ( r e f e r r e d 

t o as non-physics t e a c h e r s ) . As was descr ibed i n preceding 

chapters , every respondent's score on each of fou r a t t i t u d i n a l 

f a c t o r s was recorded, and from these scores s e t s , or groups, o f 

respondents were i d e n t i f i e d as e x h i b i t i n g a s i g n i f i c a n t l y 

p o s i t i v e or negat ive a t t i t u d e . Twenty-four such se ts o f 

respondents have t h e r e f o r e been i d e n t i f i e d , i . e . s i x ca tego r i es 

o f respondent on f o u r f a c t o r s o f the a t t i t u d e i n v e n t o r y . The 

remaining hypotheses are concerned w i t h the r e l a t i o n s h i p s 

between these sets or groups o f respondent. Table 8/7 

i d e n t i f i e s the respondents numbers inc luded i n each group, 

i d e n t i f i e d by t h e i r code number. 

TABLE 8/7 ABOUT HERE 

8.8.1. Hypothesis 3. 

"There w i l l be a s i g n i f i c a n t d i f f e r e n c e between the p o s i t i v e 

a t t i t u d e and negat ive a t t i t u d e respondents o f a l l t h r e e 

c a t e g o r i e s , and on a l l f o u r f a c t o r s , i n the way i n which they 

c b r p o r a t e l y perceive and ca tego r i se observed teach ing ac ts on 

c r i t e r i a associated w i t h e f f e c t i v e n e s s o f teach ing , i d e n t i f i e d 

by a s t a t i s t i c a l comparison o f element vec to rs and s u b j e c t i v e l y 

by the respondents v e r b a l c o n s t r u c t i o n s assoc ia ted w i t h the 

p r i n c i p a l components i n the combined c o n s t r u c t space o f the 

app rop r i a te respondent sub-group." 

8.8.'2p This hypothesis r e q u i r e s twe lve comparisons t o be made 

202 



TABLE 8/7. Membership o f comparison groups 

'(The numbers r e f e r to the code numbers p r i n t e d 
on each respondent's r e p l y package). 

Physics 
Teachers Students 

Hon Physics 
Teachers 

u 
o 

TO C 

o o 

+ 
;̂ 15; 16; 

24. 

(A) 

18; 23; 44; 
49; 64; 71; 
73. 

( J ) 

26; 29; 41 

(5) 

FA
C

TO
R

 A
 

P
os

iti
ve

 
in

di
ca

te
s 

nr
ef

er
en

c 
ex

am
 

or
ie

nt
at

i -
9; 13; 19, 

(0) 

21; 50; 52; 
55; 56; 65; 
67; 69; 70. 

(K) 

27; 43. 

(T) 

a p 
fo

r 
bi

as
. 

+ 
4; 8; 9; 
19. 

(C) 

35; 51; 54; 
56; 57: 63; 
66: 70; 72. 

(L) 

27; 32; 37; 
3S; 47, 

(U) 

FA
C

TO
R

 B
 

P
os

iti
ve

 
in

di
ca

te
s 

U
 J.

 V
Li 

1 
vZ

' I.
 V

I. 1
 1

 l-f 

: p
ra

ct
ic

al
 • 

! 

-
1; 10; 13; 
15; 24. 

(D) 

23; 4/f; 55; 
61; 62; 67; 
71. 

(M) 

26; 28; 40, 

(V) 
• 

FA
C

TO
R

 C
 

P
os
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ve

 
in

di
ca

te
s 

th
e 

re
sp
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nt
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tri
ns

ic
al

ly
 

m
ot

iv
at

ed
. 

+ 
4; 0; 9; 
15; 19,. 

(E) 

54; 55: 58; 
65; 66; 73. 

(K) 

27; 37; 47. 

(W) 

FA
C

TO
R

 C
 

P
os

iti
ve

 
in

di
ca

te
s 

th
e 

re
sp

on
de

nt
 is

 
in

tri
ns

ic
al

ly
 

m
ot

iv
at

ed
. 

-
10; 11; 24; 
30. 

(F) 

21 ; 63; 67; 
70; 72. 

(P) 

28; 32: 40; 
43. 

(X) 

FA
C

TO
R

 D
 

P
os

iti
ve

 
in

di
ca

te
s 

pe
rs

on
al
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le

as
ur

e 
fro

m
 p
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si

cs
. 

6; 9; 13; 
24, 

(G) 

IS ; 23; 44; 
"50; 53; 54; 
58; 66; 73. 

(Q) 

26; 29; 38. 

(Y) 

FA
C

TO
R

 D
 

P
os

iti
ve

 
in

di
ca

te
s 

pe
rs

on
al
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le

as
ur

e 
fro

m
 p
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si

cs
. 

-
4; 10; 11 
12; 17. 

(H) 

21; 36; 59; 
67; 68; 72. 

(R) 

32; 41; 42; 
43. 

(Z) 
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between the p o s i t i v e and negat ive sub-groups o f each of 3 

ca tegor ies on ̂  a t t i t u d i n a l f a c t o r s . These w i l l be considered 

i n t u r n . F i r s t l y Teachers on Factor A. ( C e l l s A and B of 

Table 8/7). Table 8/8 con ta ins the r e l e v a n t data. 

TABLE 8/8 ABOUT HERE 

The n u l l hypothesis asser ts t h a t t h e r e i s no s i g n i f i c a n t 

c o r r e l a t i o n between the groups under comparison and i n order t o 

r e j e c t t h i s hypothes is the c o r r e l a t i o n has t o exceed +_ 0.75^ 

( a t 0.05 l e v e l w i t h (N - 2) degrees o f freedom). As t h i s va lue 

i s not exceeded i n t a b l e 8/8 the n u l l hypothes is i s accepted. 

However, t rends may bo as impor tan t as s t a t i s t i c a l l y s i g n i f i c a n t 

r e l a t i o n s h i p s , but before an i n v e s t i g a t i o n o f any apparant 

t rends a d i g r e s s i o n i s r equ i red t o cons ider the s t a t i s t i c s used. 

The INGRID computer a n a l y s i s package descr ibed elsewhere 

normalises a l l scores. Thus when computing a c o r r e l a t i o n 

c o e f f i c i e n t i t i s acceptable t o use Pearson r . (Spearman rho 

could be used w i t h ranked values but Pearson r has been se lec ted 

as i t reduces the number o f ope ra t i ons which need t o be a p p l i e d 

t o the raw sco res ) . 

To r e t u r n t o a d iscuss ion on t rends i t should be noted t h a t any 

comments must o f necess i t y be s u b j e c t i v e i n na tu re , as 
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TABLE 8/8. A comparison between p o s i t i v e and negat ive a t t i t u d e 

respondents on Factor A (exam o r i e n t a t i o n ) drawn 

from the sample o f physics teachers . 

POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR A 

NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR A 

NUMBER OF 
COMPONENTS 
SIGNIFICANT 

1 1 

1 . Give re in fo rcement E x p l i c i t 

CONSTRUCT 
LABELS 
DESCRIBING 
AN EFFECTIVE 
TEACHER 

2. Good a t e x p l a n a t i o n P r a c t i c a l o r i e n t a t i o n CONSTRUCT 
LABELS 
DESCRIBING 
AN EFFECTIVE 
TEACHER 

3. Good genera l manner E f f e c t i v e f o r weaker 
s tuden ts . 

CONSTRUCT 
LABELS 
DESCRIBING 
AN EFFECTIVE 
TEACHER 

Good spoken 
p r e s e n t a t i o n 

I n t r o v e r t e d 

PEARSON ' r ' 
BETWEEN 
ELD-IENT 
VECTORS 

- 0,626 (Not s i g n i f i c a n t ) 

(Th is t a b l e i n d i c a t e s t h a t t he re i s no d i f f e r e n c e between the 

number o f components found s i g n i f i c a n t , t h a t a n o n - s i g n i f i c a n t 

negat ive c o r r e l a t i o n e x i s t s between element vec to rs and some 

c o n s t r u c t l a b e l s used by respondents) . 
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s t a t i s t i c a l l y the evidence c l e a r l y s t a t e s t h a t t h e r e are no 

s i g n i f i c a n t r e l a t i o n s h i p s between the sub-groups under 

c o n s i d e r a t i o n . 

r 

The s t a t i s t i c a l computations are embel l ished by a number o f 

observa t ions ; f i r s t l y f o r each c lass o f respondent one 

component i s found s i g n i f i c a n t . The hypothes is under 

i n v e s t i g a t i o n i m p l i e s t h a t t h i s w i l l be a d i f f e r e n t component 

f o r each c l a s s . This may be checked by cons ide r i ng the common 

element vec to r s between groups. An element vec to r l o c a t e s an 

element somewhere along a component and i f two d i s t i n c t groups 

l oca te the same elements i n the same p o s i t i o n s one may conclude 

t h a t the components are i d e n t i c a l . I n t h i s case the c o r r e l a t i o n 

i s negat ive . Had the value been more negat ive than - 0,75^ one 

cou ld have concluded t h a t the two components were indeed r e l a t e d , 

one being reversed i n p o l a r i t y t o the o t h e r , however, t h a t va lue 

was not exceeded a l though - 0*626 i s a l a r g e c o r r e l a t i o n 

i n d i c a t i n g t h a t the re i s a tendency f o r the two groups t o 

construe along a s i m i l a r p r i n c i p a l component w i t h one group 

reve r s i ng t he po la r i : ; y . 

Thus on the evidence presented the substansive hypothesis 

( p ^ r ^ r 8.8.1.) proves t o be c o r r e c t , the two groups do indeed 

construe e f f e c t i v e teach ing q u i t e d i f f e r e n t l y . 

T ry ing t o i n t e r p r e t cons t r uc t l a b e l s i s a dangerous procedure, 

as i t i s imposs ib le t o know what the respondent meant by the 

v e r b a l l a b e l he assigned t o h i s c o n s t r u c t . However, p r o v i d i n g 
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t h i s danger i s acknowledged the l i s t i n g o f those c o n s t r u c t s 

known t o best descr ibe the component under c o n s i d e r a t i o n o f t e n 

prov ides a power fu l , though s u b j e c t i v e , re in fo rcement o f the 

mathematical comparison. 

By scanning the c o n s t r u c t vec to rs t o i d e n t i f y those w i t h the 

h ighes t numerical value ( i r r e s p e c t i v e o f s i g n ) the f o u r 

c o n s t r u c t s most s t r o n g l y assoc ia ted w i t h the component may be 

i d e n t i f i e d . The s i g n then in fo rms the researcher which pole o f 

the c o n s t r u c t t o i d e n t i f y . Having f o l l o w e d t h i s procedure, 

t a b l e 8/8 l i s t s the f o u r c o n s t r u c t s best d e s c r i b i n g t he p r i n c i p a l 

component f o r each sub-group. The reader has t o at tempt the 

imposs ib le task o f l o o k i n g a t f o u r phrases (which may or may not 

be i n t e r p r e t e d by him i n the same way as the o r i g i n a t o r o f the 

c o n s t r u c t used the phrase) and tease out an u n d e r l y i n g component 

d e s c r i p t i o n ! Impossible though the task r e a l l y i s , t h e r e i s 

o f t e n an apparent c o n t r a s t between the two d e s c r i p t i o n s . The 

author h e s i t a t e s t o add f u r t h e r con fus ion by s p e c i f y i n g h i s 

c o n s t r u c t i o n o f the component d e s c r i p t i o n s i n t h i s example but 

would suggest, however, t h a t i f the reader chooses t o approach 

the task i t may emerge t h a t these two groups are indeed 

cons t ru ing t he common elements along d i f f e r e n t components. 

8.8.3. The process o f paragraph 8.8.2. may be repeated f o r the 

second o f the twelve comparison groups. Remaining w i t h teachers 

of physics the comparison i s now made on Factor B. ( C e l l s C and 

D). The r e l e v a n t data are t a b u l a t e d i n Table 8/9. 
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TABLE 8/9 (a) A comparison between p o s i t i v e nnd negat ive 

a t t i t u d e respondents on Factor R ( P r a c t i c a l 

b i as ) drawn from thesamp le of physics teachers . 

POSITIVE ATTITUDE 
PHYSICS TEACHERS 
OH FACTOR B 

i'lEGATIVE ATTITUDE 
PHYSICS TEACHERS 
OM FACTOR B 

Number of coniponents 

S i g n i f i c a n t 
I 6 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

1 E f f e c t i v e . f o r 
weaker s tudents 

See Tabic 8/9 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

2 Match work t o 
students a b i l i t y 

See Tabic 8/9 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 3 

P r a c t i c a l 
o r i e i i t a t i o n 

See Tabic 8/9 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

if C l a r i t y of d i c t i o n 

See Tabic 8/9 (b) 

C o r r e l a t i o n between 

common element 

vec to rs 

-1- ,75^ ( S i g n i f i c a n t 0.05) 

(Th is t a b l e h i g h l i g h t s a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n 

between the groups s p e c i f i e d and a t t i t u d e Factor B) 
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TABLE 8/9 (b) As s i x components were s i g n i f i c a n t f o r negat ive 
a t t i t u d e teachers on Factor B, t h i s t a b l e 
supplements 8/9 (a) 

COMPONENT The f o u r cons t ruc t s w i t h h ighes t vec to r s f o r 
each component. 

1 Reinforcement 

1 
2 General manner 

3 A u d i b i l i t y 

^ Use of blackboard 

1 Teachers other sub jec t s i n a d d i t i o n t o physics 

2 
2 E f f ec t i veness 

2 
3 New ideas 

^̂  Research i n t e r e s t s 

1 Chalk and t a l k 

3 
2 Get down t o s tudents l e v e l 

3 Student o r i e n t a t e d 

^ Confidence o f p r e s e n t a t i o n 

1 C lean l iness o f cha lk board 

2 Ambit ion 

3 T h e o r e t i c a l emphasis 

^ Experience as teacher 

1 E n t e r t a i n i n g 

5 
2 C l a r i t y of drawings 

3 Likeableness 

^ L o g i c a l approach 

1 Student involvement 

6 
2 Warmth of teacher 

3 C l a r i t y of thoughts 

^^ P e r s o n a l i t y s t r e n g t h o f teacher 
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I n t h i s case the n u l l hypothesis i s c l e a r l y r e j e c t e d as both 

groups do construe e f f e c t i v e teach ing along the same p r i n c i p a l 

components. However, negat ive a t t i t u d e teachers are f a r more 

d i s c r i m i n a t i n g i n c l a s s i f y i n g observed teach ing a c t s ^ c o n s t r u i n g 

i n s i x dimensions as opposed t o the un id imens iona l approach o f 

the p o s i t i v e a t t i t u d e teachers on t h i s a t t i t u d e f a c t o r . The 

substansive hypothesis i s t h e r e f o r e not accepted i n t h i s case. 

8*8,^. Moving t o Factor C, the physics teacher groups become E and F 

from Table 8/7. The data appears i n Table 8/10. 

TABLE 8/10 ABOUT HERE 

Once again the negat ive a t t i t u d e teachers const rue i n more 

dimensions than do the p o s i t i v e a t t i t u d e t e a c h e r ^ ^ ( 3 : l ) kw^oo-̂ r, 

there i s no s i g n i f i c a n t r e l a t i o n s h i p between t h e i r c o n s t r u c t i o n 

o f the f i r s t p r i n c i p a l component^^when the substansive hypothesis 

i s supported. 

8.8.5. The l a s t physics teacher comparison i s between the p o s i t i v e 

and negat ive a t t i t u d e groups on Factor D (Personal pleasure f rom 

physiQs) and these respondents are conta ined i n c e l l s G and H o f 

Table 8/7, Table 8 / l l conta ins the comparison data. 

TABLE 8/11 ABOUT HERE 

I n t u i t i v e l y one might expect personal p leasure from physics t o be 

construed most d i f f e r e n t l y by groups e x h i b i t i n g p o s i t i v e and 

negat ive a t t i t u d e s t o t h i s f a c t o r r e s p e c t i v e l y . The data 
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TABLE 8/10 (a) A comparison between p o s i t i v e and negat ive 

a t t i t u d e respondents on Factor C ( I n t r i n s i c 

M o t i v a t i o n ) drawn from the sample o f physics 

teachers . 

POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR C 

NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR C 

Number o f components 

S i g n i f i c a n t 
1 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

1 
Match work t o 
students a b i l i t y 

See Table 8/10 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

2 Good See Table 8/10 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 3 Student o r i e n t a t e d 

See Table 8/10 (b) 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

P r a c t i c a l 
o r i e n t a t i o n 

See Table 8/10 (b) 

C o r r e l a t i o n between 

common element + .75^ ( S i g n i f i c a n t 0.05) 

vec to rs 

(Th is t a b l e h i g h l i g h t s a s i g n i f i c a n t p o s i t i v e 
c o r r e l a t i o n between the groups s p e c i f i e d and 
a t t i t u d e Factor C) 
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TABLE 8/10 ( b ) . As th ree components were s i g n i f i c a n t f o r 

negat ive a t t i t u d e teachers on Factor C, t h i s 
t a b l e supplements Table 8/10 ( a ) . 

COMPONENT 
The f o u r c o n s t r u c t s w i t h h ighes t 

vec to rs f o r each component 

1 Students p a r t i c i p a t e 

1 
2 L o g i c a l approach 

3 Component 

E f f e c t i v e re in fo rcement 

• 1 College 

2 
2 ? 

3 Moves around 

Progressive 

1 Uses quest ions and answers 

3 
2 Mathematical 

3 Teaching a i d s 

^• F a i r speed 
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TABLE 8/11. A comparison between p o s i t i v e and negat ive a t t i t u d e 

respondents on Factor D (Personal p leasure from 

phys ics) drawn from the sample o f phys ics teachers . 

POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR D 

NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR D 

Î umber of components 

S i g n i f i c a n t 
1 1 

1 Clear s imple message Good blackboard use 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

2 Clear d i c t i o n Good s u b j e c t 
knowledge 

Construct 
l a b e l s used by 
respondents 
t o descr ibe 
p r i n c i p a l 
component 

3 -Slow method ica l , 
c l e a r l y i l l u s t r a t e d 

Formal approach 

Brash Aggressive 

C o r r e l a t i o n between 

common element + 0.0095 (no t s i g n i f i c a n t ) 

vec to r s 

(This t a b l e shows t h a t teachers o f phys ics o f 
d i f f e r i n g a t t i t u d e s on Factor D construe 
e f f e c t i v e teach ing i n un re la ted ways). 
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supports t h i s view i n t h a t t h e r e i s no c o r r e l a t i o n between t he 

f i r s t two components ( r ='0.0095).- The v e r b a l l a b e l s i n d i c a t e 

the k i nd of d i s t r i b u t i o n which i s made. 

The hypothesis s t a t e d i n paragraph 8.8.1. i s t h e r e f o r e 

supported by the data i n a l l bu t two a t t i t u d i n a l f a c t o r s , B 

and C. • Teachers o f phys ics e x h i b i t i n g a p o s i t i v e a t t i t u d e t o 

each o f the remaining two f a c t o r s have a s i g n i f i c a n t l y 

d i f f e r e n t view of what an e f f e c t i v e pedagogic s t y l e w i l l be 

than do t h e i r co l leagues e x h i b i t i n g a negat ive a t t i t u d e -

Thus two h y p o t h e t i c a l teachers who have d i f f e r i n g a t t i t u d e s t o 

any one of the two d i f f e r e n t i a t i n g f a c t o r s (examinat ion 

o r i e n t a t i o n or personal p leasure f rom phys ics) may b e l i e v e 

themselves t o be e f f e c t i v e because they adopt t h e i r 

a t t i t u d i n a l peer group d e s c r i p t i o n o f e f f e c t i v e t e a c h i n g . 

To the e x t e r n a l observer these chosen pedagogic s t y l e s w i l l be 

s i g n i f i c a n t l y ' d i f f e r e n t . (They may, o f course, both be 

e f f e c t i v e depending on the percep t ions o f the s tuden ts but 

such -conc i t t s roTT^can on l y be dr^wn a f t e r an i n v e s t i g a t i o n o f 

the o ther hypotheses being cons idered i n t h i s research . ) 

S.9.1, The same hypothesis may now be i n v e s t i g a t e d f o r s tuden ts^ 

C e l l s 3 and l( o f Table 8/7 i d e n t i f y t he a p p r o p r i a t e a t t i t u d e 

groups f o r Factor A. Table 8/12 con ta ins the r e l e v a n t da ta . 



TABLE 8/12. A comparison between p o s i t i v e and negat ive a t t i t u d e 

respondents on Factor A (Exam o r i e n t a t i o n ) drawn 

from the sample o f s tuden ts . 

POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR A 

NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR A 

Number of components 

S i g n i f i c a n t 
1 5 * 

1 Wel l q u a l i f i e d Speaks w e l l , sure 
and w e l l planned. 

Construct 
l a b e l s used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

2 Competent i n 
f i e l d 

Good t a l k e r Construct 
l a b e l s used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

3 Puts over a 
reasonable amount 
of i n f o r m a t i o n 

Uses 'props' w e l l 

Exp la ins Clear diagrams 

C o r r e l a t i o n between 

common element 

vec to rs 

+ .75^- ( S i g n i f i c a n t 0.05) 

* Un l i ke h i s t rea tment of the teacher sample, t h e author 
has not l i s t e d c o n s t r u c t s used beyond the f i r s t 
component unless more than one component i s s i g n i f i c a n t 
f o r both groups. 
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C l e a r l y the students e x h i b i t i n g d i f f e r i n g a t t i t u d e s t o t h i s 

f a c t o r do construe e f f e c t i v e teach ing d i f f e r e n t l y a l though t h e r e 

i s a t r e n d (no t s i g n i f i c a n t ) t o suggest t h a t some smal l 

r e l a t i o n s h i p might e x i s t . The v e r b a l l a b e l s may he lp t o 

i n d i c a t e , as be fo re , the k ind o f d i f f e r e n c e i n pe rcep t i on which 

e x i s t s . As w i t h the teacher groups i t i s t he negat i ve a t t i t u d e 

s tudents who have a g rea te r d i s c r i m i n a t i n g c a p a c i t y (5 s i g n i f i ­

cant components as opposed t o one) i n d i c a t i n g t h a t they are more 

capable o f seeing s t reng ths and weaknesses i n a v a r i e t y o f 

pedagogic p r a c t i c e . 

8.9.2. Progressing onward t o Factor B ( p r a c t i c a l o r i e n t a t i o n ) the 

student groups are L and M from Table 8/7. The r e l e v a n t data i s 

inc luded i n Table 8/13. 

TABLE 8/13 ABOUT HERE 

A c o r r e l a t i o n o f - 0.8216 exceeds the c r i t i c a l value f o r 

r e j e c t i o n o f the n u l l hypothes is . One may conclude t h e r e f o r e 

t h a t the two groups considered do construe e f f e c t i v e teach ing 

along the same component a l though t he negat ive c o r r e l a t i o n 

i n d i c a t e s t h a t f o r one group the component i s r o t a t e d through 

180°. The words used t o descr ibe the components appear t o 

descr ibe the s ame component a l s o , thus s t r eng then ing the 

s t a t i s t i c a l evidence. This r e l a t i o n s h i p w h i l s t c o n t r a r y t o t h a t 

a n t i c i p a t e d i n the hypothesis under i n v e s t i g a t i o n i s a r e p l i ­

c a t i o n o f the f i n d i n g s obtained f rom the phys ics teacher group i n 

paragraph 8,8.3. 
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TABLE 8/13. A comparison between p o s i t i v e and negat ive 

a t t i t u d e respondents on Factor B ( P r a c t i c a l 

o r i e n t a t i o n ) drawn from the sample o f s tudents 

POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR B 

NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR B 

Number o f components 

S i g n i f i c a n t 
1 1 

Construct 
l a b e l s used by-
respondents t o 
descr ibe 
p r i n c i p a l 
component 

1 Clear teach ing I n s p i r e s 
conf idence 

Construct 
l a b e l s used by-
respondents t o 
descr ibe 
p r i n c i p a l 
component 

2 I n t e r e s t i n g 
F'̂ V 

Seems t o hold g j 
a c l a s s y / 

A / 

Construct 
l a b e l s used by-
respondents t o 
descr ibe 
p r i n c i p a l 
component 

3 Good p r e s e n t a t i o n Good L 
exp lana t ions ^ / 

- E \ 

Construct 
l a b e l s used by-
respondents t o 
descr ibe 
p r i n c i p a l 
component 

I n t e r e s t e d i n 
physics f o r i t s 
own sake 

C \ 

Teacher ^ | 

Dy 

C o r r e l a t i o n between 

common element - .8216 ( S i g n i f i c a n t r e l a t i o n s h i p 
i f one component reversed) 

vec tors 

(Th is t a b l e i n d i c a t e s t h a t s tudents o f d i f f e r i n g 
a t t i t u d e s on Factor B ( p r a c t i c a l o r i e n t a t i o n ) , 
construe e f f e c t i v e teach ing along a common component 
save t h a t s tudents a t oppos i te poles o f the a t t i t u d e 
sca le reverse the sca le d e s c r i p t i o n s ) . 
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8.9.3. Factor C student groups are i d e n t i f i e d i n Table 8/7 as N and 

P and these are compared i n Table 8/1^. 

TABLE B/lk ABOUT HERE 

Although the n u l l hypothes is cannot be r e j e c t e d w i t h a* 

c o r r e l a t i o n o f - .7161 ( i . e . one cannot asse r t t h a t t he 

c o r r e l a t i o n i s not zero) the magnitude o f the c o r r e l a t i o n i s 

i n d i c a t i v e o f a t r e n d . Thus a l though the hypothesis s t a t e d i n 

paragraph 8.8.1. i s conf i rmed the d i f f e r e n c e i n c o n s t r u c t i o n o f 

an e f f e c t i v e teacher by these p a r t i c u l a r groups i s not as great 

as f o r most prev ious comparisons. The negat ive s ign i n d i c a t e s 

t h a t the tendency t o c o r r e l a t e i s between one groups p r i n c i p a l 

component and the o ther groups p r i n c i p a l component r o t a t e d 

through 180°. The s u b j e c t i v e a p p r a i s a l o f the c o n s t r u c t l a b e l s 

once again supports the s t a t i s t i c a l evidence as the words used 

seem t o be r e l a t e d a l though a t the same t ime d i s t i n c t d i f f e r e n c e s 

may be detec ted. 

8.9.^. The f i n a l comparison f o r the s tudent group i s on Factor D 

(Personal pleasure from phys ics) between groups Q and R from 

Table 8/7. Table 8/15 con ta ins the r e l e v a n t da ta . 

TABLE 8/15 ABOUT HERE 

I n common w i t h the physics teacher sample on Factor C the s tudent 

sample produces a near zero c o r r e l a t i o n . Of a l l f o u r f a c t o r s 

f o r the student sample the f o u r t h (persona l p leasure f rom 
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TABLE 8/1^. A comparison between p o s i t i v e and negat i ve a t t i t u d e 

respondents on Factor C ( I n t r i n s i c m o t i v a t i o n ) 

drawn from the sample of s tuden ts . 

POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR C 

NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR C 

Number o f components 

S i g n i f i c a n t 
1 1 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

1 Down t o e a r t h Easy t o l i s t e n t o _ 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

2 Neat, w e l l so r ted 
out and ordered 

I n s p i r e s conf idence 
Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

3 Speaks c l e a r l y 
and holds 
a t t e n t i o n 

Good p r e s e n t a t i o n 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
component 

^̂  L o g i c a l t h i n k i n g Good approach 

C o r r e l a t i o n betweer 

common element 

vec to r 

1 

- 0.7161 (no t s i g n i f i c a n t ) 
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TABLE 8/15. A comparison between p o s i t i v e and negat ive a t t i t u d e 

respondents on Factor D (Personal p leasure from 

phys ics) drawn from the sample of s tuden ts . 

POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR D , 

NEGATI\/E ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR D 

Number o f components 

S i g n i f i c a n t 

1 I 

Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

1 Not t oo maths 
minded 

I n s p i r e s 
conf idence 

Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

2 P r o f e s s i o n a l 
teacher 

I n t e r e s t i n g Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

3 Puts over a 
reasonable amount 
of i n f o r m a t i o n 

Seems t o hold c l a s s 

Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

Very i n t e r e s t i n g 
t o l i s t e n t o 

Puts over w e l l 

C o r r e l a t i o n between 

common element 

vec to r 

- 0.0650 (no t s i g n i f i c a n t ) 
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phys ics) shows the g rea tes t d i f f e r e n c e i n percept ion o f what an 

e f f e c t i v e teacher o f physics might be l i k e . The hypothesis 

(paragraph 8.8.1.) i s t h e r e f o r e supported by the data from 

physics students f o r 3 o f the f o u r f a c t o r s o f the a t t i t u d e 

i n v e n t o r y . The one where the hypothes is i s not supported i s 

Factor D ( p r a c t i c a l o r i e n t a t i o n ) where the student samples, i n 

common w i t h the teacher samples, do not d i f f e r e n t i a t e between 

s t y l e s o f e f f e c t i v e teach ing . 

8.10.1. The t h i r d , and f i n a l , ca tegory i s t h a t o f non-physics 

teachers . This group was s p e c i f i c a l l y i nc luded i n the a n a l y s i s 

as the elements o f the group ( teachers o f undergraduate sub jec t s 

o ther than phys ics) were l ess l i k e l y t o s p e c i f y d i s c i p l i n e 

r e l a t e d c r i t e r i a o f pedagogic e f f e c t i v e n e s s than were the o ther 

two groups.. 

The hypothesis of paragraph 8.8.1. i s now i n v e s t i g a t e d f o r t h i s 

category o f respondent on each f a c t o r i n t u r n . For Factor A 

groups S and T from Table 8/7 are used t o prov ide the data i n 

Table 8/16. 

TABLE 8/16 ABOUT HERE 

A c o r r e l a t i o n o f + 0.8482 i n d i c a t e s a s i g n i f i c a n t r e l a t i o n s h i p . 

Thus the two non-physics teacher a t t i t u d e groups on Factor A 

perce ive an e f f e c t i v e teacher a long a common component, the n u l l 

hypothesis i s t h e r e f o r e r e j e c t e d . 
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TABLE 8/16. A comparison between p o s i t i v e and negat ive 

a t t i t u d e respondents on Factor A (Exam 

o r i e n t a t i o n ) drawn from the sample of non-physics 

teachers 

POSITIVE ATTITUDE 
MON-PHYSICS 
TEACHERS ON 
FACTOR A 

NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR A 

Number o f components 

S i g n i f i c a n t 
1 1 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

1 Good teacher L i b e r a l 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

2 Clear p r e s e n t a t i o n A b s t r a c t i n 
teach ing approach 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

3 Class 
p a r t i c i p a t i o n 
e x p l i c i t 

Percept ive 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

I n t e r e s t i n g lesson I n t e r e s t e d on l y i n 
exam r e s u l t s 

C o r r e l a t i o n between 

common element + 0.8^82 ( S i g n i f i c a n t ) 

vec to r 

(Th is t a b l e i n d i c a t e s t h a t i r r e s p e c t i v e o f a t t i t u d e 
score on Factor A. teachers o f d i s c i p l i n e o ther than 
physics const rue e f f e c t i v e phys ics teach ing i n the 
same way) .-
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8.10.2. The non-physics teacher groups f o r comparison on Factor B 

( p r a c t i c a l o r i e n t a t i o n ) are i d e n t i f i e d f rom Table 8/7 as U and V, 

Table 8/17 l i s t s the r e l e v a n t data. 

TABLE 8/17 ABOUT HERE 

A near p e r f e c t c o r r e l a t i o n c o e f f i c i e n t o f + 0.932 i n d i c a t e s t h a t 

f o r non-physics teachers the re i s no d i f f e r e n c e between the 

p o s i t i v e and negat ive sco r i ng groups on Factor B ^ ( p r a c t i c a l 

o r i e n t a t i o n ) i n the way they perce ive an e f f e c t i v e physics 

teacher. 

8.10.3. Factor C, i n t r i n s i c m o t i v a t i o n , i s the t h i r d f a c t o r f o r 

i n v e s t i g a t i o n . The non-physics teachers c o n s t i t u t e groups W 

and X from Table 8/7. Table 8/18 con ta ins the comparison data. 

TABLE 8/18 ABOUT HERE 

(From Table 8/18 i t w i l l be apparent t h a t once again the 

c o r r e l a t i o n i s s i g n i f i c a n t so both a t t i t u d i n a l groups construe 

e f f e c t i v e teach ing along a common p r i n c i p a l component). However, 

i t should be noted t h a t the p o s i t i v e a t t i t u d e teachers (on t h i s 

f a c t o r ) are more d i s c r i m i n a t i n g than the negat ive a t t i t u d e 

teachers as 5 r a t h e r than 1 i-c^.'cr.trr^ts were found t o be s i g n i f i ­

cant . 

8.10.^. Factor D, personal p leasure from phys i cs , i s the l a s t 

comparison t o be made, i n t h i s case between groups Y and Z i n 

Table 8/7. Table 8/19 con ta ins the r e l e v a n t da ta . 
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TABLE 8/18. A comparison between p o s i t i v e and nega t i ve a t t i t u d e 

respondents on Factor C ( I n t r i n s i c M o t i v a t i o n ) 

drawn from the sample o f non-physics teachers . 

POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR C 

NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR C 

Number o f components 

S i g n i f i c a n t 
5 1 

Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

1 Percept ive Use of concrete or 
p i c t o r i a l m a t e r i a l 

Construct l a b e l s 
used by 
respondents 
t o descr ibe 
p r i n c i p a l 
components 

2 E s t a b l i s h r a p p o r t I n t e r e s t e d i n under­
s tand ing r a t h e r than 
f a c t l e a r n i n g 

• 

3 L i b e r a l Cor rec t teach ing 
speed 

I n t e r e s t i n g t o 
l i s t e n t o 

Clear enunc ia t i on 

C o r r e l a t i o n between 
common element 
vec to r 

+ 0.8775 ( S i g n i f i c a n t ) 



TABLE 8/17. A comparison between p o s i t i v e and nega t i ve 

a t t i t u d e respondents on Factor B ( P r a c t i c a l 

o r i e n t a t i o n ) drawn from the sample o f non-

physics teachers 

POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR B 

NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR B 

Number of components 

S i g n i f i c a n t 
1 1 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

i Pe rcep t i ve Good teacher 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

2 Could e f f e c t 
i n t e r e s t i n 
l e a r n i n g 

Class p a r t i c i p ­
a t i o n e x p l i c i t Construct l a b e l s 

used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 3 L i b e r a l Good lesson 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

A- Rapport 
e s t a b l i s h e d 

Good teach ing 
method 

C o r r e l a t i o n between 
common element + 0,9321 ( s i g n i ^ 
vec to r 

' i c a n t ) 

(Th is t a b l e r e p l i c a t e s the f i n d i n g s o f f a b l e 8/16 
save t h a t the. a t t i t u d e f a c t o r i s changed from A to B) 

225 



TABLE 8/19. A comparison between p o s i t i v e and negat ive a t t i t u d e 

respondents on Factor D (Personal p leasure from 

physics) drawn from the samples o f non-physics 

teachers 

POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON FACTOR D 

: 1 
NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON FACTOR D 

Number o f components 

S i g n i f i c a n t 
1 1 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

1 Good teacher Clear , l o g i c a l 
e xp lana t i on 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

2 Class p a r t i c i p a t i o n 
e x p l i c i t 

Use o f concrete or 
. p i c t o r i a l m a t e r i a l s 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 3 Good lesson Very i n t e r e s t i n g 

teach ing 

Construct l a b e l s 
used by 
respondents t o 
descr ibe 
p r i n c i p a l 
components 

Clear p r e s e n t a t i o n Teaching speed 
c o r r e c t 

C o r r e l a t i o n between 

common element + 0.8^39 ( S i g n i f i c a n t ) 

vec to r 

(Non-physics teachers c l a s s i f i e d as e i t h e r p o s i t i v e l y 
or n e g a t i v e l y o r i e n t a t e d t o Factor D (Personal p leasure 
from phys ics) const rue e f f e c t i v e teach ing along a 
common component). 

226 



8.11. Having considered the twelve comparison groups, some genera l 

conc lus ions may be drawn i n r e l a t i o n t o t he hypothesis under 

i n v e s t i g a t i o n . 

The hypothesis s t a t e s t h a t t h e r e w i l l be a s i g n i f i c a n t d i f f e r e n c e 

between the p o s i t i v e a t t i t u d e and negat ive a t t i t u d e respondents 

of a l l t h ree c a t e g o r i e s , (phys ics teachers , s tudents and non-

physics t e a c h e r s ) , and on a l l f o u r f a c t o r s , (A: Exam o r i e n t a t i o n ; 

B: p r a c t i c a l o r i e n t a t i o n ; C : I n t r i n s i c M o t i v a t i o n : D:Personal 

pleasure from p h y s i c s ) , i n the way i n which they c o r p o r a t e l y 

perce ive and ca tego r i se observed teach ing ac t s on c r i t e r i a 

assoc ia ted w i t h e f f e c t i v e n e s s o f t each ing . 

The r e s u l t s may be summarised i n a c o r r e l a t i o n m a t r i x . 

TABLE 8/20 ABOUT HERE 

Table 8/ZO i d e n t i f i e s an i n t e r e s t i n g p a t t e r n . One may conclude 

t h a t respondents associated w i t h phys ics , be they teachers o f 

physics or s tuden ts , w i l l perce ive d i f f e r e n t s t y l r j o f teach ing 

as e f f e c t i v e dependent on t h e i r a t t i t u d e t o the f a c t o r s ; exam 

o r i e n t a t i o n ; i n t r i n s i c m o t i v a t i o n ; and personal p leasure from 

physics as was hypothesised. However, d i f f e r i n g a t t i t u d e s t o 

Factor B ( p r a c t i c a l o r i e n t a t i o n ) does not a l t e r any c l a s s of 

respondents percep t ion o f an e f f e c t i v e teacher o f phys ics . 

The i m p l i c a t i o n o f accept ing the hypothes is l i e s i n t he r e g i o n 

o f matching teachers percept ions o f e f f e c t i v e n e s s w i t h t h a t o f 
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TABLE 8/20. A c o r r e l a t i o n m a t r i x summarising the s i g n i f i c a n t 

r e l a t i o n s h i p s i d e n t i f i e d . 

FACTOR 

A 

FACTOR 

B 

FACTOR 

C 

FACTOR 

D 

PHYSICS 

TEACHERS 
SIG. 

STUDENTS SIG. 

NON-PHYSICS 

TEACHERS 
SIG. SIG. SIG. SIG. 

The blank c e l l s i n d i c a t e reg ions ivhere the hypothesis was 
suppor ted .wh i l s t the c e i l s i n d i c a t e d by 'SIG' show where the 
two a t t i t u d e groups share common components).' 

(See Paragraph 8.11.) 

228 



t h e i r s tuden ts . Th is data does no th i ng t o i n v e s t i g a t e such 

matching (or mismatching) but i t does suggest t h a t e i t h e r two 

s tuden ts , or two teachers e x h i b i t i n g d i f f e r e n t a t t i t u d e s on any 

one o f th ree f a c t o r s w i l l consider q u i t e d i f f e r e n t s t y l e s o f 

physics teach ing as e f f e c t i v e . La te r i n t h i s chapter , teacher / 

s tudent matchings w i l l be considered. 

The second genera l conc lus ion a r i s e s from the r e j e c t i o n o f t h e 

hypothesis f o r non-physics teachers across a l l f o u r f a c t o r s . 

The data t h e r e f o r e suggests t h a t i t i s on ly an awareness of 

•physics c u r r i c u l u m conten t ' which causes d i f f e r i n g a t t i t u d e 

groups t o i d e n t i f y d i f f e r e n t pedagogic s t y l e s as e f f e c t i v e . 

T h i r d l y Factor B ( p r a c t i c a l o r i e n t a t i o n ) does not d i s t i n g u i s h 

a t t i t u d i n a l groups who perce ive e f f e c t i v e teach ing of physics 

d i f f e r e n t l y . 

F i n a l l y , w i t h one except ion (non-physics teachers on Factor C) 

where a t t i t u d e groups construed e f f e c t i v e teach ing i n more than 

one component the more f l e x i b l e component space viaz* always found 

i n respondents who e x h i b i t e d a negat ive a t t i t u d e . These 

v a r i a t i o n s are not s i g n i f i c a n t i n the s t a t i s t i c a l sense a l though 

one might s u b j e c t i v e l y conclude t h a t respondents who have a 

negat ive a t t i t u d e are more l i k e l y t o e x h i b i t g rea te r d i s c r i m i ­

n a t i o n when c a t e g o r i s i n g an observed teach ing episode than are 

t h e i r co l leagues e x h i b i t i n g a p o s i t i v e a t t i t u d e . 
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8.12.1. Hypothesis 6. 

"There w i l l be a g rea te r p o s i t i v e c o r r e l a t i o n between the 

percep t ion and c l a s s i f i c a t i o n o f observed teach ing episodes by 

teachers o f physics and students o f phys ics when respondents 

w i t h s i m i l a r a t t i t u d e s are compared than when d i f f e r i n g a t t i t u d e 

groups are compared." 

I f t h i s hypothesis i s found t o be c o r r e c t then matching s tudents 

and teachers by a t t i t u d e w i l l ensure common s t a f f - s t u d e n t 

percept ions o f e f f e c t i v e t each ing . 

The hypothesis may be i n v e s t i g a t e d by e s t a b l i s h i n g a c o r r e l a t i o n 

ma t r i x c o n t a i n i n g a l l the r e l e v a n t da ta . I n each case the 

c o r r e l a t i o n between the common element v e c t o r s ( f rom the g r i d s 

o f a t t i t u d i n a l groups on each a t t i t u d e f a c t o r ) i s computed. 

A h igh p o s i t i v e va lue (+ 0.754) i n d i c a t e s t h a t on the f i r s t 

p r i n c i p a l component the elements (observed teac i t i ng episodes) 

are construed i n a s i m i l a r way, a c o r r e l a t i o n o f + 1.0 would 

i n d i c a t e t h a t the component were i d e n t i c a l f o r each c l a s s o f 

respondent being compared. The n u l l hypo thes is s t a t e s t h a t 

t he re i s no s i m i l a r i t y between each p a i r o f element vec to rs 

and t o be r e j e c t e d a t t he ,05 l e v e l o f s i g n i f i c a n c e , the 

c r i t i c a l va lue o f r (which has t o be exceeded t o r e j e c t the n u l l 

hypothes is) i s 0.75. 

8.12.2- Each f a c t o r may be considered i n t u r n . Thus Factor A 

provides f o u r se ts of respondents, p o s i t i v e and negat ive 

a t t i t u d e teachers and s tuden ts . A c o r r e l a t i o n m a t r i x can be 
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drawn as i n Table 8/21. 

TABLE 8/21 ABOUT HERE 

One c e l l i n the m a t r i x was found t o c o n t a i n a va lue l a r g e enough 

t o r e j e c t the n u l l hypothes is . That c e l l compared p o s i t i v e 

a t t i t u d e teachers w i t h negat ive a t t i t u d e s tuden ts , both groups 

construe observed teach ing ac ts along a common component ( r = 

+ 0*78). This c l e a r l y opposes the view expressed i n the s i x t h 

hypothesis which a n t i c i p a t e d t h a t such a comparison would have 

y i e l d e d the lowest c o r r e l a t i o n . No o ther p a t t e r n emerges from 

the m a t r i x . 

The hypothesis under i n v e s t i g a t i o n makes no statement about 

s i m i l a r i t i e s or d i f f e r e n c e s e x i s t i n g o n l y i n the f i r s t component 

and ye t the ma t r i x considers on l y t h i s f i r s t p r i n c i p a l component 

i n making comparisons. One might ques t ion t he v a l i d i t y of 

conclus ions drawn from such data when no check appears t o have 

been made t o ensure t h a t s i g n i f i c a n t d i f f e r e n c e s do not e x i s t 

i n lower order components. 

The B a r t l e t t t e s t has been used t o i d e n t i f y how many components 

are s i g n i f i c a n t a t the .05 l e v e l o f s i g n i f i c a n c e and where :-c:r-

than one component i s s i g n i f i c a n t f o r both comparison groups the 

element vec to rs across a l l s i g n i f i c a n t components are compared. 

I n Table 8/21 on ly one component was s i g n i f i c a n t f o r each 

comparison p a i r and so any r e l a t i o n s h i p s e x i s t i n g i n lower order 

components could not be s i g n i f i c a n t a t t he 0.05 l e v e l . However, 

t o t e s t t h i s two specimen groups o f respondents were chosen a t 
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TABLE 8/21> Factor A, exam o r i e n t a t i o n , a comparison o f 

teachers and s tudents ( c l a s s i f i e d by a t t i t u d e t o 
t h i s f a c t o r ) , pe rcep t i on ancĵ  c l a s s i f i c a t i o n o f 
observed teach ing episodes. 

A B C D 

P o s i t i v e a t t i t u d e 

teachers 
A 1.0 - 0.01 

X / 

+ 0.78* 

P o s i t i v e a t t i t u d e 

• s tudents 
B 1.0 - .51 

Negative a t t i t u d e 

teachers 
C 1.0 

Negative a t t i t u d e 

s tudents 
D 1.0 

(Note:- c e l l s x and y have been i n v e s t i g a t e d under 
a separate h y p o t h e s i s ) . 



random f r o m Table ( a c t u a l l y B vs C) and c o r r e l a t i o n s 

between t h e f i r s t s i x components computed. Tl iese c o r r e l a t i o n s 

may be w e i g h t e d by t h e E igen v a l u e and t h e i r e f f e c t on t h e 

computed v a l a e a s c e r t a i n e d . Such a p rocess e f f e c t e d t h e 

c o r r e l a t i o n e n t e r e d i n Tab le 6/21 by l e s s ' t h a n 2% a l t h o u g h 

unwe igh ted c o r r e l a t i o n s exceeded t h e v a l u e cori iputed i n t h e f i r s t 

component on some l o w e r o r d e r components. T h i s p r o c e s s canno t 

gua ran tee t h a t some r e l a t i o n s h i p does n o t e x i s t i n d i m e n s i o n s 

unmapped, b u t i t does ensure t i i a t any s i g n i f i c a n t r e l a t i o n s h i p 

e x i s t i n g i n mapped d imens ions w i l l emerge. 

I n summary one can c i t e an example. I f nc:gat ive a t t i t u d e 

p h y s i c s teacnc^rs on F a c t o r C were compared ',vit!"t p o s i t i v e a t t i t u d e 

non-physic:3 t e a c h e r s on t h e same f a c t o r ^ , t i i r e e coniponents wou ld 

be compared^ because f o r t h e f o r m e r g roup t l " r fee components were 

s i g n i f i c a n t and f o r t h e l a t t e r f i v e components v,-re s x - j n i f i c a n t , 

Repea t i ng t h e e x e r c i s e d e s c r i b e d e a r l i e r i n t h i s parac j raph f o r 

t h a t g roup , s i g n i f i c a n t r e l a t i o n s h i p s may t.̂e i d e n t i f i e d i n the 

2nd. and 3 r d . components a l th .oug l i no s i g n i f i c a n t r e l a t . i o n s h l p i s 

e v i d e n t i n t h e f i r s t . The g e n e r a l r u l e a p p l i e d t h r o u g h o u t t h e 

r e s e a r c h t h e r e f o r e i s t o c o n s i d e r j f o r c o m p a r a t i v e pu rposes , t h e 

h i g h e s t nuinber o f components f o u n d s i g n i f i c a n t by t h e B a r t l e t t 

t e r . t common t o b o t h c o i i ^ p a r a t i v e g roups . 

The e x e r c i n e o f pa ragraph 8.12,2. may be r e p e a t e d w i t h F a c t o r s 

B, C and D, t h e da ta f o r wh i ch i s t a b u l a t e d i n T a l l i e s 8/22; 

8/23 and 3/2^ r e s p e c t i v e l y . 
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TABLE 8/22. Factor B, p r a c t i c a l o r i e n t a t i o n . A comparison of 
teachers and students ( c l a s s i f i e d by a t t i t u d e t o 
t h i s f a c t o r ) pe rcep t ion and c l a s s i f i c a t i o n o f 
observed teaching episodes 

A B C D 

P o s i t i v e a t t i t u d e teachers A 1.0 + .53 X - .17 

P o s i t i v e a t t i t u d e s tudents B 1.0 + .90* y 

Negative a t t i t u d e teachers C 1.0 , - .57 

Negative a t t i t u d e s tudents D 1,0 

(Note:- c e l l s x and y are considered i n a separate hypothes is ) 

TABLE 8/23. Factor C, I n t r i n s i c m o t i v a t i o n . A comparison of 
teachers and s t j d e n t s ( c l a s s i f i e d by t h e i r a t t i t u d e t o 
t h i s f a c l o r ) pe rcep t ion and c l a s s i f i c a t i o n o f 
observed teaching episodes. 

A B C D 

P o s i t i v e a t t i t u d e teachers A 1.0 + .25 X - .35 

P o s i t i v e a t t i t u d e s tudents B 1.0 - .89* y 

Negative a t t i t u d e teachers C 1.0 + .80* 

Negative a t t i t u d e s tudents D 1.0 

(Note:- c e l l s x and y are considered i n a separate hypothes is ) 
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TABLE 8/2^. Factor D; Personal p leasure from phys ics . 

A comparison of teachers and s tudents ( c l a s s i f i e d 

bv t h e i r a t t i t u d e t o t h i s f a c t o r ) pe rcep t i on 

and c l a s s i f i c a t i o n o f observed teach ing episodes. 

A B c D 

P o s i t i v e a t t i t u d e teachers A 1.0 - .10 X - .29 

P o s i t i v e a t t i t u d e s tudents B 1.0 + .77* y 

Negative a t t i t u d e - t e a c h e r s C 1.0 + .01 

Negative a t t i t u d e s tudents D 1.0 

(Note:- c e l l s x and y are considered under a separate hypothesis) 
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8.12.?f. The s i g n i f i c a n t r e l a t i o n s h i p s are a s t e r i s k e d i n Tables 8/21 

t o 8/24 r e s p e c t i v e l y . They are 

Exam o r i e n t a t i o n : P o s i t i v e a t t i t u d e teachers) 
) 

Negative a t t i t u d e s tuden ts ) 

P r a c t i c a l o r i e n t a t i o n : P o s i t i v e a t t i t u d e s tuden ts ) 
. . . . . ) 

Negative a t t i t u d e teachers) 

I n t r i n s i c m o t i v a t i o n : P o s i t i v e a t t i t u d e s tuden ts ) 
) 

Negative a t t i t u d e teachers) 

Negative a t t i t u d e teachers) 
) 

Negative a t t i t u d e s tuden ts ) 

Personal p leasure 

from Physics: P o s i t i v e a t t i t u d e s tuden ts ) 
. . . . ) 

Negative a t t i t u d e teachers) 

I t should be noted t h a t the s i gn o f the c o r r e l a t i o n i s 

i r r e l e v a n t f o r t h i s c o n s i d e r a t i o n ^ as a nega t i ve .-^orrelcit icn 

i n d i c a t e s a p o s i t i v e r e l a t i o n s h i p between the components w i t h 

the p o l a r i t y o f one reversed; i n o ther words the same 

component i s being used a l though i t s o r i e n t a t i o n i n c o n s t r u c t 

space i s reversed» 

Three general observat ions may be made from the data . F i r s t l y 

w i t h one except ion (Teachers and Students, bo th w i t h a negat ive 

a t t i t u d e t o the i n t r i n s i c m o t i v a t i o n f a c t o r ) a l l the 

s i g n i f i c a n t r e l a t i o n s h i p s show the hypothesis t o be f a l s e . 

There i s , i n o ther words, no guarantee t h a t s tudents and teachers 

who e x h i b i t a common a t t i t u d e score on a l l f a c t o r s except 

i n t r i n s i c m o t i v a t i o n , w i l l perce ive an e f f e c t i v e teach ing s t y l e 

i n a common way. 
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Secondly the data prov ides evidence t o suggest t h a t t he c o n t r a r y 

view t o t h a t expressed i n t he hypotheses i s the case, namely^ 

teachers and students who e x h i b i t opposing a t t i t u d e s a re more 

l i k e l y t o perce ive an e f f e c t i v e teach ing s t y l e i n a common way. 

Such was the case i n f o u r o f f i v e s i g n i f i c a n t r e l a t i o n s h i p s . 

T h i r d l y , the emergence of one c e l l ( p o s i t i v e a t t i t u d e s tuden ts , 

negat ive a t t i t u d e teachers) as c o n t a i n i n g a s i g n i f i c a n t 

r e l a t i o n s h i p i n th ree o f t he f o u r a t t i t u d i n a l f a c t o r s . Thus 

students who e x h i b i t a p o s i t i v e a t t i t u d e t o a p r a c t i c a l 

o r i e n t a t i o n i n physics i n s t r u c t i o n , e x h i b i t a p o s i t i v e score on 

the i n t r i n s i c m o t i v a t i o n f a c t o r or score p o s i t i v e l y on the 

personal p leasure from phys ics score are most l i k e l y t o descr ibe 

an e f f e c t i v e teacher o f physics i n the same way as a teacher who 

e x h i b i t s a negat ive score on any, o r ^ a l l , o f these f a c t o r s . 

The commonality o f pe rcep t i on might become more ::vident i f t he 

c o n s t r u c t l a b e l s used t o descr ibe the components w^re l i s t e d . 

Thus, w i t h the same r e s e r v a t i o n s as p r e v i o u s l y noted t h e author 

has s p e c i f i e d the s i x c o n s t r u c t s from each which most c l o s e l y 

descr ibe the component compared. This i n f o r m a t i o n i s inc luded 

i n Table 8/25. 

TABLE 8/25 ABOUT HERE 

So al though the two groups e x h i b i t q u i t e oppos i te a t t i t u d e s a 

s u b j e c t i v e look a t the c o n s t r u c t s used tends t o suppor t the 

s t a t i s t i c a l evidence recorded. I t would be a brave reader who 

attempted t o s p e c i f y why such a r e s u l t may have been ob ta ined . 
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TABLE 8/25. The words used by p o s i t i v e a t t i t u d e s tudents and 
negat ive a t t i t u d e teachers (Fac tors C and D) which 
best descr ibe t h e i r common component. 

P o s i t i v e a t t i t u d e s tudents Negative a t t i t u d e s tudents 

Clear teach ing Reinforcement 

I n t e r e s t i n g General manner 

Down t o e a r t h Students p a r t i c i p a t e 

Neat, w e l l so r ted out and ordered L o g i c a l approach 

Not too maths minded Good blackboard use 

Pro fess i ona l teacher Good sub jec t knowledge 

The r e s u l t i s c o n t r a r y t o popular op i n i on amongst teachers o f 

phys ics , but i n i n f o r m a l d i scuss ion w i t h such persons seve ra l 

exp lana t ions have been p o s t u l a t e d . Of the range o f suggest ions, 

the one most o f t e n c i t e d hypo thes ises^ tha t a s tudent w i t h a 

p o s i t i v e a t t i t u d e on these th ree f a c t o r s ^ i s more l i k e l y t o seek, 

as i d e a l , a pedagogic s t y l e which maximises l e a r n i n g and 

enjoyment w i t hou t pressures imposed by examinat ion c u r r i c u l a . 

Teachers who e x h i b i t a nega t i ve a t t i t u d e may recognise t h e i r 

personal a t t i t u d e and perce ive an i d e a l pedagogic s t y l e i n a 

s i m i l a r manner because o f t h e i r own awareness o f t h e i r own chosen 

teach ing s t y l e . Some evidence i s a v a i l a b l e t o suppor t t h i s view 

as more teachers i n these ca tego r i es perce ive themselves as 

' i n e f f e c t i v e * than do teachers i n any o ther c l a s s . (Th is data 

i s accessed by l o o k i n g a t the i n d i v i d u a l INGRID a n a l y s i s f o r each 
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teacher i n the group and comparing t he ' s e l f * pedagogic s t y l e 

w i t h both ' i d e a l e f f e c t i v e ' and ' i d e a l i n e f f e c t i v e . ' The 

' s e l f may be placed on an e f f e c t i v e - i n e f f e c t i v e continuum and 

these teachers are g e n e r a l l y found t o place themselves nearer 

the ' i n e f f e c t i v e ' end). The preceding d i scuss ion extends 

beyond the framework o f t he hypothes is which i s c l e a r l y r e j e c t e d , 

but was inc luded f o r two reasons, f i r s t l y t o suggest t o p o t e n t i a l 

readers the p o s s i b i l i t y o f e x p l o r i n g the p r e d i c t i v e na tu re o f the 

inst rument^ and secondly t o h i g h l i g h t the f a c t t h a t t h e observed 

r e l a t i o n s h i p s do not imply t h a t negat ive a t t i t u d e teachers w i l l 

e x h i b i t the teaching s t y l e they p roc la im t o be most e f f e c t i v e . 

8.13-1. Hypothesis 7-

I n the d iscuss ion of hypothes is f i v e , the author suggested t h a t 

both s tudents and teachers of phys ics might tend t o use c r i t e r i a 

associated w i t h th ' j d i s c i p l i n e o f physics when a p p r a i s i n g a 

teaching experience. Such c r i t e r i a would be ou t s i de t he range 

o f convenience ( t o use K e l l y ' s term) f o r teachers o the r than o f 

physics and so t h e i r c r i t e r i a are more l i k e l y t o be d i s c i p l i n e 

f r e e , and associated w i t h the pedagogic con ten t . Th is seventh 

hypothesis at tempts t o i n v e s t i g a t e these c r i t e r i a by these 

groups and, i f supported, by t he da ta , w i l l con f i rm t h e 

s u b j e c t i v e observat ions made by lUe author i n h i s d i scuss ion of 

hypothesis 5. 

The hypothesis i s : "The co rpo ra te percep t ions and c a t e g o r i s ­

a t i o n s o f observed teach ing episodes, aga ins t e f f e c t i v e teach ing 

c r i t e r i a , by each c f t he c lasses o f respondent w i l l show g rea te r 
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s i m i l a r i t y between students o f phys ics and teachers o f phys ics , 

than any s i m i l a r i t y between any o the r two groups. The 

comparison w i l l be made o b j e c t i v e l y as i n hypothesis 5, us ing 

common element v e c t o r s , and where s i g n i f i c a n t r e l a t i o n s h i p s are 

seen t o e x i s t , by s u b j e c t i v e l y l i s t i n g c o n s t r u c t l a b e l s as used 

by each c l a s s o f respondent r e s p e c t i v e l y . " 

As respondents e x h i b i t i n g d i f f e r i n g a t t i t u d e s t o each o f the 

f o u r a t t i t u d e f a c t o r s have a l ready been shown t o have d i f f e r i n g 

percep t ions o f e f f e c t i v e t each ing , t he a n a l y s i s must be 

r e p l i c a t e d f o r each o f the e i g h t a t t i t u d e groups. Table 8/26 

records the c o r r e l a t i o n s ^ The hypo thes is , i f i t i s c o r r e c t , 

asser ts t h a t the c o r r e l a t i o n s i n column 1 w i l l exceed those 

elsewhere i n the t a b l e . 

TABLE S/26 ABOUT HERE 

A s u i t a b l e n u l l hypothesis would be t h a t t h e r e i s no d i f f e r e n c e 

between the columns of t a b l e 8/26. I n order t o i n v e s t i g a t e the 

n u l l hypothesis the columns of t a b l e 8/26 may be compared us ing 

F ishers t formula .... 

2 2 
^1 ^ ̂2 

N.(N^ - 1) 

2^0 



TABLE 8/26. A t a b l e of c o r r e l a t i o n s between Physics Teachers, 

Students and Mon-Physics Teachers across a l l 

a t t i t u d e f a c t o r s and groups 

Physics 
Teachers 
vs 
Physics 
Students 

Physics 
Teachers 
vs 
Non-Physics 
Teachers 

Physics 
Students 
vs 
Non-Physics 
Teachers 

Column 1 Column 2 
• ——' 

Column 3 

Factor A 
Exam 
O r i e n t a t i o n 

+ - .01 - ,68 - .32 Factor A 
Exam 
O r i e n t a t i o n - - .66 + .88* - .-.SS* 

Factor B 
P r a c t i c a l 
O r i e n t a t i o n 

+ + .53 + .71 + .83* Factor B 
P r a c t i c a l 
O r i e n t a t i o n - - .57 + .70 . .58 

Factor C 
I n t r i n s i c 
M o t i v a t i o n 

+ + .25 - .62 - .39 Factor C 
I n t r i n s i c 
M o t i v a t i o n - + .80* + o56 + .71 

Factor D 
Personal 
Pleasure 
from Physics 

+ - .10 - .72 + .19 Factor D 
Personal 
Pleasure 
from Physics 

- + .01 - .16 + Jv9 

(Note: f o r the hypothesis t o be supported, the 
c o r r e l a t i o n i n column 1 w i l l exceed those i n 
other columns f o r each row) . 
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where 

= mean o f one d i s t r i b u t i o n 

= mean o f second d i s t r i b u t i o n 

= sum of *dev ia t i ons squared' f rom the mean 

= sample s i ze 

I t should be noted t h a t the f i g u r e s being compared are 

c o r r e l a t i o n c o e f f i c i e n t s and the mean o f two or more c o r r e l a t i o n 

c o e f f i c i e n t s i s i t s e l f not a c o r r e l a t i o n , t h i s does not preclude 

the use of the F isher t s t a t i s t i c as the n u l l hypothes is assumes 

no d i f f e r e n c e between columns i n t a b l e 8/26 i n o ther terms i t i s 

concerned w i t h the consis tency o f d i f f e r e n c e s between the 

i n d i v i d u a l c o r r e l a t i o n s . The s ign o f the c o r r e l a t i o n i s a lso 

o f l i t t l e importance as a c o r r e l a t i o n o f - 1.0 would imply 

p e r f e c t matching o f respondents components but w i t h one group 

re v e rs i ng the p o l a r i t y . This research i s concerned w i t h 

s i m i l a r i t i e s i n cons t ru ing common events not w i t h the way those 

systems o f c o n s t r u c t i o n are a p p l i e d and so a h igh negat ive 

c o r r e l a t i o n i s equ i va len t t o a h igh p o s i t i v e c o r r e l a t i o n w i t h 

respect t o the hypothesis under i n v e s t i g a t i o n . 

The t s t a t i s t i c was chosen by the au thor r a t h e r than Z or any 

o t l i e r a l t e r n a t i v e because o f i t s r e l a t i v e independence of 

ku r tos i s^and i t s a c c e p t a b i l i t y f o r s m a l l samples. As w i t h a l l 

o ther computations the l e v e l o f s i g n i f i c a n c e i n t h i s case was 

the 5% l e v e l . 

Table 8/27 con ta ins the r e s u l t s o f the c a l c u l a t i o n s . 
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TABLE 8/27. The r e s u l t s o f a comparison between the columns of 

Table 8/26. 

I'lean 
Standard 
d e v i a t i o n 

r i s h ( 
othei 

sr t w i t h 
c groups 

Column 1 
Physics Teachers 
vs 
Physics Students 

.31 

2 2.12 * Column 1 
Physics Teachers 
vs 
Physics Students 

.31 

3 1.̂ 8 

Column 2 
Physics Teachers 
vs 
Non-Physics Teachers 

.72 .21 

1 2.12 ^ Column 2 
Physics Teachers 
vs 
Non-Physics Teachers 

.72 .21 

3 0.6^ 

Column 3 
Physics Students 
vs 
Non-Physics Teachers -

.63 .25 

1 1.̂ 8̂ Column 3 
Physics Students 
vs 
Non-Physics Teachers -

.63 .25 

2 

. 

0.6^ 

The n u l l hypothes is i s r e j e c t e d i n t he 
c e l l s a s t e r i s k e d . 
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8.13.2, A c o n s i d e r a t i o n o f t a b l e s 8/26 and 8/27 i s q u i t e r e v e a l i n g 

i n r e l a t i o n t o the seventh hypothes is as s p e c i f i e d i n 

paragraph 8.13.1. 

F i r s t l y , very few of the c o r r e l a t i o n s i n t a b l e 8/26 are 

s i g n i f i c a n t , i n f a c t on ly f o u r f rom the 2k c e l l s . However, 

• w i t h the except ion o f one l i n e a l l the c o r r e l a t i o n s i n column 2 

are g rea te r than those i n column 1 ^ i n d i c a t i n g t h a t phys ics 

teachers and teachers o the r than o f physics tend t o cons t rue 

e f f e c t i v e teach ing i n the same way more o f t e n than do physics 

teachers and physics s tudents . The same could be s a i d o f the 

comparison o f column 3 w i t h column 1 where the same obse rva t i on 

can be made, f o r i n t h i s case too a l l bu t one c o r r e l a t i o n i s 

g rea te r i n column 3. There i s no such t r e n d e v i d e n t between 

columns 2 and 3 where no r e g u l a r p a t t e r n emerges. The contents 

of t a b l e 8/27 enable these casual observat ions t v be q u a n t i f i e d . 

The n u l l hypothesis i s r e j e c t e d by the r e l a t i o n s h i p between 

columns 1 and 2. I n o ther words teachers (whether they be of 

physics or of another d i s c i p l i n e ) do construe e f f e c t i v e teach ing 

i n common terms s i g n i f i c a n t l y more o f t e n than do p h y s i c i s t s 

(whether they be s tudents o f phys ics or teachers o f p h y s i c s ) . 

Furthermore, a l though the r e l a t i o n s h i p i s not s i g n i f i c a n t , 

physics students tend t o construe i n terms more f r e q u e n t l y 

associated w i t h non-physics teachers than they do w i t h phys ics 

teachers. 

Some cau t i on needs t o be exerc i sed i n accept ing these comments 

as the sample of data f rom which the conc lus ions were drawn 
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i n c l udes respondents w i t h e i t h e r s t rong p o s i t i v e or s t rong 

negat ive a t t i t u d e s on the f o u r a t t i t u d e i n v e n t o r y f a c t o r s . 

I t d i d not i nc lude those w i t h n e u t r a l , o r undecided a t t i t u d e s 

However, the k inds o f c o n s t r u c t l a b e l s used appear t o be 

independent o f a t t i t u d e as w i l l become ev iden t from a perusa l 

o f t a b l e 8/28. 

TABLE 8/28 ABOUT HERE 

Although many of the c o n s t r u c t l a b e l s l i s t e d i n t a b l e 8/28 a r i s e 

from the g r i d s o f negat ive a t t i t u d e respondents even the most 

d i s c e r n i n g reader would f i n d i t d i f f i c u l t t o i d e n t i f y which 

should be a t t r i b u t e d t o the nega t i ve respondents. Given t h a t 

t he mathematical a n a l y s i s con f i rms t h a t the l i s t s i n t a b l e 8/28 

descr ibe a common component w i t h b e t t e r than 80% over lap an 

i n t e r e s t i n g exerc ise might be t o re -o rde r the c o n s t r u c t l a b e l s 

from the two columns t o form the best common d e s c r i p t i o n . The 

author has r e f r a i n e d from i n c l u d i n g h i s at tempt a t t h i s task,as 

any such record would i l l u s t r a t e the i m p o s i t i o n o f h i s 

i n t e r p r e t a t i o n o f the c o n s t r u c t l a b e l s which may be d i f f e r e n t t o 

t h a t in tended by t h e i r o r i g i n a t o r s , a n d indeed d i f f e r e n t t o t h a t 

o f any reader. . . 

.8.13.3. The hypothesis under i n v e s t i g a t i o n i s c l e a r l y i n c o r r e c t i n 

i t s a s s e r t i o n . Not on ly do the s tudents and teachers o f 

physics f a i l t o construe e f f e c t i v e teach ing along common 
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TABLE 8/28> A comparison of c o n s t r u c t l a b e l s used by respondents 

i n columns 1 and 2 (Table 8/26) t o descr ibe t h e i r 

common components 

Note:- Construct l a b e l s are on l y drawn from respondents w i t h i n 
c e l l s i d e n t i f i e d as c o n t a i n i n g s i g n i f i c a n t r e l a t i o n s h i p s 
i n Table 8/26. 

COLUMN 1 COLUMN 2 

Students p a r t i c i p a t e E x p l i c i t 

ch
er

s L o g i c a l approach P r a c t i c a l o r i e n t a t i o n 

sic
s T

e
a
 

Competent E f f e c t i v e f o r weaker 
students 

>. 
E f f e c t i v e 
re in forcement 

I n t r o v e r t e d 

CO 

Easy t o l i s t e n t o L i b e r a l 

tu
de

nt
s 

Te
ac

he
r 
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dimensions but the re i s a s i g n i f i c a n t l y more f r e q u e n t r e l a t i o n ­

sh ip between the way teachers o f phys ics and teachers o f 

d i s c i p l i n e s o ther than physics const rue e f f e c t i v e t each ing . 

The i m p l i c a t i o n o f such a r e s u l t may be i l l u s t r a t e d by an 

example. I f a physics s tuden t , a phys ics teacher and non-

physics teacher a l l observed and assessed a teacher o f physics 

' i n a c t i o n , * the framework o f a p p r a i s a l used by the l a t t e r two 

observers would be more a l i k e than e i t h e r framework when 

compared t o t h a t of the student observer. I n s imple terms 

s tudents and teachers see e f f e c t i v e teach ing i n q u i t e d i f f e r e n t 

ways p 

8.14. Hypothesis 8 

There i s evidence from l e a r n i n g theory t o suggest t h a t l e a r n i n g 

occurs more e f f e c t i v e l y when the l e a r n e r and the teacher share 

common o b j e c t i v e s , aJso the author has evidence t o suggest t h a t 

l e a r n i n g i s more e f f i c i e n t when the l e a r n e r and the teacher 

share common percept ions o f what pedagogy c o n s t i t u t e s an 

e f f e c t i v e teach ing s t y l e (Keen and Hopwood 1977). I t i s usua l 

i n Great B r i t a i n t o d i v i d e a year i n t a k e ( o f say 60 s tuden ts ) 

i n t o l e a r n i n g groups o f common a b i l i t y (say th ree groups o f 20 

determined on some c r i t e r i a o f pci-otsived academic p o t e n t i a l -

Keen and Reid 1977) and mixed a t t i t u d e . 

I f , as the author suggests, percep t ions o f e f f e c t i v e teach ing 

s t y l e s are r e l a t e d t o a student 's a t t i t u d e , r a t h e r than a b i l i t y , 

then l e a r n i n g might be improved by d i v i d i n g the year i n t a k e i n t o 
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common a t t i t u d e , mixed a b i l i t y groups. Th is hypothes is aims t o 

exp lo re the v a l i d i t y o f such a s t r a t e g y . 

The hypothesis i s .... " F i r s t year undergraduate s tudents o f 

physics formed i n t o groups by t h e i r score on each component 

f a c t o r w i t h i n the a t t i t u d e t o physics i n v e n t o r y ^ ( f o u r f a c t o r s ) 

w i l l e x h i b i t a commonality o f p e r c e p t i o n , when c a t e g o r i s i n g 

observed teaching episodes aga ins t pedagogic e f f e c t i v e n e s s 

c r i t e r i a , between common a t t i t u d e groups across f a c t o r s t o a 

g rea te r ex ten t than between d i f f e r i n g a t t i t u d e groups w i t h i n 

f a c t o r s . " 

The evidence, e x t r a c t e d from the data l i s t e d i n t a b l e s 8/29 

and 8/30. 

TABLES 8/29 & 8/30 ABOUT HERE 

An a p p l i c a t i o n o f the ' t ' s t a t i s t i c i s o f dubious v a l i d i t y (due 

t o h igh S.D.) but su:;h an at tempt produces a t value o f lAl 

which i s not s i g n i f i c a n t a t the ,05 l e v e l . Thus a n u l l 

hypothesis s t a t i n g t h a t t he re i s no d i f f e r e n c e between the data 

i n t a b l e s 8/29 and 8/30 f a i l s t o be r e j e c t e d . However, a 

casual glance a t the data i s s u f f i c i e n t t o note t h a t 75% of the 

same a t t i t u d e groups do c o r r e l a t e s i g n i f i c a n t l y w h i l s t on ly 25% 

of the mixed a t t i t u d e groups c o r r e l a t e s i g n i f i c a n t l y . The h igh 

standard d e v i a t i o n s a r i s e from e x t r a o r d i n a r y d i s t r i b u t i o n s o f 

r e s u l t s as i s shown i n F i g . 8/1. 



TABLE 8/29. C o r r e l a t i o n s between d i f f e r i n g s tudent a t t i t u d e 

groups w i t h i n f a c t o r s o f the a t t i t u d e i n v e n t o r y 

Student a t t i t u d e 

groups compared 

C o r r e l a t i o n 

c o e f f i c i e n t (Pearson r ) 

A+ w i t h A- + .51 

B+ w i t h B- - .82 * 

C+ w i t h C- - .72 

D+ w i t h D- - .07 

Mean .53 

Standard d e v i a t i o n .33 

* S i g n i f i c a n t a t .05 l e v e l 

2^9 



TABLE 8/30. C o r r e l a t i o n s between common student a t t i t u d e 

groups between f a c t o r s o f the a t t i t u d e i n v e n t o r y 

Student groups compared 
C o r r e l a t i o n C o e f f i c i e n t 
(Pearson r ) 

A+ w i t h B+ + .36 

A+ w i t h C+ - .11 

A+ w i t h D+ - -.83 * 

A- w i t h B- - .92 * 

A- w i t h C- - .95 * 

A- w i t h D- - .6k * 

B+ w i t h C+ + .81 * 

B+ w i t h D+ + . l i f 

B- w i t h C- + .95 

B- w i t h D- + .95 * 

C+ w i t h D+ + .63 

C- w i t h D- + .87 * 

Mean =0.70 

S.D. = 0.32 
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So although i t i s not poss ib le t o s p e c i f y s t a t i s t i c a l evidence t o 

support the hypothesis under i n v e s t i g a t i o n , i t would appear t h a t 

f o r most respondents the view expressed i n the hypothes is i s 

c o r r e c t , namely, t h a t mixed a b i l i t y common a t t i t u d e groups are 

more l i k e l y t o have an 'agreed* common idea o f what c o n s t i t u t e s 

e f f e c t i v e teaching than are common a b i l i t y mixed a t t i t u d e groups. 

At the t ime o f w r i t i n g t he re i s no i n s t i t u t e o f f u r t h e r or h igher 

educat ion using such a s t r a t e g y ^ b u t mixed a b i l i t y teach ing i s 

o f t e n encouraged i n the secondary sec to r o f educat ion i n Great 

B r i t a i n . I t would be i n t e r e s t i n g t o r e p l i c a t e t h i s p a r t i c u l a r 

p a r t of t h i s study i n such i n s t i t u t i o n s by ' s e t t i n g ' t he mixed 

a b i l i t y groups by t h e i r a t t i t u d e and a t tempt ing t o eva lua te any 

improvement i n l e a r n i n g e f f i c i e n c y . 

8.15-1. I n the d iscuss ion o f r e p e r t o r y g r i d s i n e a r l i e r chap te rs , an 

example was given o f a un i -d imens iona l component space (Fred) and 

a two dimensional component space. I f a h y p o t h e t i c a l respondent 

used X cons t ruc t s i n a g r i d of y elements and each c o n s t r u c t was 

independent, then he would be c o n s t r u i n g i n (x -1) dimensions i f 

X ^ y , or (y-1) dimensions i f x ̂  y. ( S l a t e r 1977), One might 

say t h a t a person who construes i n a h igher number o f components 

e x h i b i t s a g rea te r 'acceptance range' o f f o r the elements under 

c o n c i d c r a t i o n . I n normal parlar.ce the un i7d imensional (one-

component) respondent might be s a i d t o have a "one-track mind." 

This n i n t h hypothesis i s concerned w i t h the acceptance range of 

classes o f respondent and suggests t h a t i t i s more l i k e l y f o r 

c e r t a i n c lasses o f respondent t o e x h i b i t more dimensions o f 

c o n s t r u c t i o n . Measuring t h i s i s d i f f i c u l t . The B a r t l e t t t e s t 
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( S l a t e r 1977) computes chi-squared values from the Eigen values 

and determines the number o f components s i g n i f i c a n t a t the ,05 

l e v e l o f s i g n i f i c a n c e . Such a technique i s l o o k i n g a t the r a t e 

o f change o f slope o f the Eigen value graph, as such i t might 

c l a s s i f y as i n s i g n i f i c a n t , numbers of components c l o s e l y 

associated w i t h one another merely because a b i g drop i n Eigen 

value occured between the f i r s t component and the secondary 

group. Thus w h i l s t one can be f a i r l y c e r t a i n ^ t h a t i f the 

B a r t l e t t t e s t i d e n t i f i e s x components as s i g n i f i c a n t they 

are indeed s i g n i f i c a n t ^ o n e cannot be so c e r t a i n t h a t o the r 

components, as yet unmapped, are not themselves s i g n i f i c a n t . 

To overcome t h i s d i f f i c u l t y the author chose t o ignore the 

B a r t l e t t t e s t i n measuring »acceptance range* and i ns tead took 

the p r o f i l e o f the Eigen value graph. The r a t e o f d e c l i n e o f 

which w i l l be less when the acceptance range i s g r e a t e r . 

Having looked a t the genera l problem and determined a way of 

measuring i t the hypothesis may be s t a t e d . 

8.15.2. Hypothesis 9. 

" P o s i t i v e a t t i t u d e respondents from each component f a c t o r , w i l l 

e x h i b i t a g rea te r 'acceptance range' measured by a lower r a t e o f 

d e c l i n e of Eigen values generated from a p r i n c i p a l component 

sr .a lys is o f the respondents g r i d s w i t h common element samples, 

than w i l l the negat ive a t t i t u d e comparison group." 

There being f o u r f a c t o r s and th ree c lasses o f respondent, 

twelve graphs may be drawn. These are inc luded as F igures 

8/2 t o 8/13 i n c l u s i v e . 
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FIGURE 8/2. Factor A, P o s i t i v e vs Negative Physics Teacher; 
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FIGURE 8/3. Factor A, P o s i t i v e vs Negative Physics Students 
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FIGURE 8/̂ . Factor A. P o s i t i v e vs Negat ive Non-Physics Teachers 
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FIGURE 8/5. Factor B, P o s i t i v e vs Negative Physics Teachers 

Component number 

2 3 ^ 

J \ 1 

r - l 

5 
C 
O 
cn 
•H 
UJ 

o 

o a> o 

KEY 

P o s i t i v e a t t i t u d e respondents 

Negative a t t i t u d e respondents 

257 



FIGURE 8/6, Factor B, P o s i t i v e vs Negative Physics Students 
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FIGURE 8/7. Factor B, P o s i t i v e vs Negative Non-Physics 

Teachers 
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FIGURE 8/8. Factor C, P o s i t i v e vs Negative Physics Teachers 
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FIGURE 8/9. Factor C, P o s i t i v e vs Negative Physics Students 
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FIGURE 8/10. Factor C, P o s i t i v e vs Negative 

Non-Phvsics Teachers 
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FIGURE 8/11. Factor D, P o s i t i v e vs Negative Physics Teachers 
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FIGURE 8/12. Factor D, P o s i t i v e vs Negative Physics Students 
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FIGURE 8/13. Factor D, P o s i t i v e vs Negative Non-Physics 

Teachers 
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8.15-3. A divergence between the l i n e s o f the graphs i n d i c a t e s 

d i f f e r i n g acceptance ranges w h i l s t t he abso lu te s lope i s a 

measure o f the acceptance range, A steep slope t o a graph 

suggests low acceptance range ( i . e . a tendency t o "one-track 

mindedness") w h i l s t a near h o r i z o n t a l l i n e i n d i c a t e s a s t rong 

a b i l i t y t o perce ive s t r e n g t h s and weaknesses i n a v a r i e t y o f 

pedagogic s t y l e s c l a s s i f i e d by a m u l t i - d i m e n s i o n a l framework. 

F i g . 8/11 i s an example o f a g r e a t d i f f e r e n c e i n acceptance 

range and here the p o s i t i v e group are much less able t o construe 

c l e a r l y i n as many dimensions as t he n e g a t i v e l y o r i e n t a t e d group. 

F i g s . 8/5, 10 and 11 i n d i c a t e t he nega t i ve respondents have a 

g rea te r acceptance range. Figs» 8/2, 6, 12 and 13 i n d i c a t e the 

p o s i t i v e respondents have a g r e a t e r acceptance range and 

F i g s . 8/3, ̂ , 7, 8 and 9 show no r e a l d i f f e r e n c e . Even a 

cursory and s u b j e c t i v e c o n s i d e r a t i o n o f the data i s s u f f i c i e n t t o 

enable one t o conclude t h a t t h e r e i s no r e g u l a r p a t t e r n emerging. 

I n some cases (8/2, 6; 12 and 13) the data supports t h e 

"hypothes is , w h i l s t i n others (8 /5 , 10 and 11) t h e data r e j e c t s t he 

hypothes is . From the data a v a i l a b l e one must conclude t h a t 

t h e r e i s no apparent r e l a t i o n s h i p between a t t i t u d e t o any f a c t o r 

o f t he a t t i t u d e i nven to ry and acceptance range as d e f i n e d . 

However, some i n t e r e s t i n g observa t ions may be made. Where 

divergence does occur on the graphs i t occurs almost always i n 

the e a r l y components, thus w h i l s t many c lasses o f respondent do 

not d i f f e r g r e a t l y i n the lower order components, many do d i f f e r 

cons ide rab ly i n the f i r s t 2 or 3. There are o ther apparent 

p a t t e r n s but these w i l l be discussed i n paragraph 8.16. when 

hypothesis 10 i s being considered. 
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8.16.1. Hypothesis t en considers the acceptance range o f physics 

teachers , s tudents and non-physics teachers and suggests t h a t 

the acceptance range w i l l d i m i n i s h from group t o group i n the 

order s p e c i f i e d ^ i r r e s p e c t i v e o f a t t i t u d e . 

Hypothesis 10. 

"Teachers o f undergraduate physics w i l l e x h i b i t a g rea te r 

'acceptance range* (as measured i n the i n v e s t i g a t i o n o f 

hypothesis 9) than w i l l the student category o f respondents, who 

w i l l themselves e x h i b i t a g rea te r acceptance range than teachers 

of sub jec t s o ther than phys ics . " 

I f supported, t h i s hypothesis i m p l i e s t h a t i f a member o f each 

category of respondent were asked t o view and assess t he 

e f f e c t i v e n e s s o f a number o f episodes o f physics t each ing , the 

physics teachers wo.jld e x h i b i t the g r e a t e s t awareness o f a 

range o f d i f f e r e n t ways of being e f f e c t i v e than would the 

s tuden ts , who would themselves be more able t o see m e r i t i n a 

wider range o f pedagogic p r a c t i c e s than would t he non-physics 

teachers. 

8.16.2. A review o f F igs . 8/2 t o 8/13 does not prov ide compel l ing 

evidence t o support or r e f u t e ch^ hypo thes is . A recourse t o a 

s t a t i s t i c a l comparison o f mean slopes f a i l s t o de tec t any 

d i f f e r e n c e between the physics teachers and physics s tudents 

a l though both groups have a s l i g h t l y l a r g e r acceptance range 

than the non-physics teachers . C e r t a i n l y such r e l a t i o n s h i p s 

which do e x i s t are co smal l as t o be complete ly b u r i e d i n the 
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v a r i a t i o n which i s ev iden t from the da ta . The one conc lus ion 

which the author i s ab le t o draw i s t h a t t h e r e i s an unexpected 

v a r i e t y o f acceptance ranges amongst the twen ty - four sub-groups 

of respondents compared. So grea t i s t he v a r i a t i o n i n 

acceptance range t h a t the author wondered i f the i n d i v i d u a l s 

who c o n s t i t u t e a sub-group e x h i b i t e d as much v a r i a t i o n as 

between group comparisons. F o r t u n a t e l y t h i s can be t e s t e d by 

cons ide r ing the i n d i v i d u a l INGRID ( S l a t e r 1977) a n a l y s i s from 

each respondent w i t h i n groups. The task i s , however, q u i t e 

daunt ing as the data needs t o be e x t r a c t e d f rom 119 separate 

analyses and grouped twenty f o u r waysl The author chose t o 

s e l e c t a t random j u s t f o u r groups t o look f o r v a r i a t i o n . The 

r e s u l t s were s u r p r i s i n g ; much less v a r i a t i o n e x i s t e d w i t h i n 

groups than between groups and the k i n d o f data e x h i b i t e d i n 

Figure 3/14 i s t y p i c a l of the f o u r sample groups. 

FIGURE 8/14 ABOUT HERE 

I t w i l l be c l e a r from the f i g u r e t h a t a f t e r the' d ivergence 

between t he 1 s t . and 2nd. component t he l i n e s tend t o become 

p a r a l l e l so not on l y i s the divergence l e s s than one might have 

a n t i c i p a t e d by the between group comparisons, but t h a t any 

d i f f e r e n c e i n c o n s t r u c t i o n res ides p r i m a r i l y i n the f i r s t 

component. This i s s u b j e c t i v e l y v e r i f i e d by the c o n s t r u c t 

l a b e l s used. I n Table 8/31 the c o n s t r u c t l a b e l s o f respondents 

whose g r i d s form the data o f F i g . 8/14 are compared and the 

s i m i l a r i t y between component 2 d e s c r i p t i o n s may be seen t o be 

grea te r than f o r component 1 . Such s i m i l a r i t y i s , o f course, 
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FIGURE 8/1^. A comparison o f t he acceptance ranges o f students 

who e x h i b i t e d e i t h e r a p o s i t i v e or negat ive 

a t t i t u d e t o Factor A> 
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s u b j e c t i v e and the reader 's i n t e r p r e t a t i o n o f the l a b e l s may 

d i f f e r from e i t h e r the author 's or respondents* i n t e r p r e t a t i o n s 

TABLE 8/31 ABOUT HERE 

8.16.3, I n r e l a t i o n t o hypothesis 10, the author can o n l y remark 

on h i s data, which suggests t h a t common a t t i t u d e groups have 

s i m i l a r acceptance ranges e x h i b i t e d between t h e i r members, 

p a r t i c u l a r l y a f t e r the f i r s t component has been e x t r a c t e d . 

There i s no evidence t o suggest a r e l a t i o n s h i p between groups o f 

respondents as hypothesised and indeed the v a r i a t i o n between 

groups appears unexpectedly h i g h . The author has discussed 

these r e s u l t s w i t h both respondent groups and w i t h o ther 

researchers and i s unable t o suggest any reason f o r a wider 

v a r i a t i o n between groups than w i t h i r . groups, i n what appears t o 

be a random way. 

8.17. I n complet ing the g r i d , the respondents were r e g u i r e d t o 

consider teachers o f physics and t o use const ruc t r . which arose 

from an a p p r a i s a l of e i t h e r observed or remembered teach ing 

aga ins t c r i t e r i a o f e f f e c t i v e n e s s . The author r e c a l l e d h i s 

experience i n i n i t i a l teacher t r a i n i n g where s tudent teachers 

f r e g u e n t l y reguested a superv iso r f o r t h e i r teach ing p r a c t i c e 

who had knowledge o f t h e i r own d i s c i p l i n e . To such students 

the author had always mainta ined t h a t a teacher who knew l i t t l e 

o f the t o p i c being taught v/as more l i k e l y t o f a i r l y assess t he 

student on pedagogic c r i t e r i a r a t h e r than d i s c i p l i n e based 

c r i t e r i a - ( A r i s i n g from the superv iso r gues t i on ing whether he 
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TABLE 8/31. A comparison of cons t ruc t l a b e l s used by student respondents t o descr ibe components one and two 

Student 1 Student 2 Student 3 Student ^ 

Competent Talks t o c lass Well prepared E f f e c t i v e 

Obvious c l a r i t y 
of development 

Regional accent Keen on sub jec t Log ica l approach 

Component 

1 
Good spoken 
presen ta t ion 

Has experience of 
lower l e v e l s 

Commands a t t e n t i o n Good general manner 

Good blackboard 
use 

Audible I n t e r e s t e d i n 
subject 

Reinforcement 

Research a c t i v i t y Steady voice I n t e r e s t s extend 
beyond physics 

General ly competent 

Component 

Level o f teaching Young Clear chalkboard Clear idea of l e v e l 
and content and 
method 

2 Class 
p a r t i c i p a t i o n 

I n t e r e s t i n g Commands a t t e n t i o n Student 
p a r t i c i p a t i o n 

Well spoken Audible Clear drawings, e t c . Log ica l approach 



would use the same s t r a t e g y t o teach t he t o p i c under 

c o n s i d e r a t i o n i f he were a l so a teacher of the same s u b j e c t ) . 

Ea r l y i n the research p lann ing i t became ev iden t t h a t data 

would be a v a i l a b l e which would permi t t h i s ques t i on t o be 

i n v e s t i g a t e d i n the d i s c i p l i n e o f phys ics , and so hypothesis 11 

was fo rmu la ted . 

Hypothesis 11 

"An a p p r a i s a l of the c o n s t r u c t s used by respondents i n 

complet ing t h e i r g r i d s w i l l show t h a t f o r teachers o f under­

graduate physics the r a t i o o f d i s c i p l i n e o r i e n t a t e d c o n s t r u c t s 

t o pedagogy o r i e n t a t e d c o n s t r u c t s w i l l be g rea te r than f o r 

e i t h e r of the o ther two groups o f respondent." 

The cons t ruc t s used by a l l respondents may be c l a s s i f i e d i n t o 

t h ree groups; 

a) D i s c i p l i n e r e l a t e d . 

b) Pedagogy r e l a t e d . 

c) Others - i n c l u d i n g p e r s o n a l i t y f a c t o r s , e t c . 

The hypothesis s t a t e s t h a t the r a t i o a/b w i l l be l a r g e r f o r 

physics teachers than f o r e i t h e r o f the o ther groups because 

physics teachers w i l l use a higher p r o p o r t i o n o f phys ics 

based cons t r uc t s . 

I n order t o t e s t t he hypothes is , f i v e judges were i n v i t e d t o 

read a l l the o r i g i n a l g r i d s . (Four o f the f i v e had been judges 
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p r e v i o u s l y i n the Thurstone development o f a t t i t u d e i n v e n t o r y ) . 

They d i d not have any means of knowing whether a g r i d o r i g i n a t e d 

from any p a r t i c u l a r c l a s s o f respondent, and they were aslced t o 

i d e n t i f y the th ree types o f c o n s t r u c t and w r i t e the f r a c t i o n 

e q u i v a l e n t t o a/b on a t a b l e o f g r i d re ference numbers. The 

author then computed the mean value o f a/b f o r each 

c lass o f respondent as i n d i c a t e d i n Table 8/32. 

TABLE 8/32. The r a t i o of d i s c i p l i n e based c o n s t r u c t s t o 

pedagogy based c o n s t r u c t s f o r each c l a s s _of 

respondent. 

Teachers Students 
Non-Physics 
Teachers 

0.33 0.̂ 0 0.27 

I t would be i n a p p r o p r i a t e t o embark on an exhaust ive s t a t i s t i c a l 

comparison o f the values i n t a b l e 8/32 as they arose from 

s u b j e c t i v e i n t e r p r e t a t i o n o f c o n s t r u c t l a b e l s by f i v e judges who 

f r e q u e n t l y disagreed w i t h c o n s t r u c t c l a s s i f i c a t i o n . The 

student group use d i s c i p l i n e based c o n s t r u c t s most o f t e n f o r a 

given number o f pedagogy based c o n s t r u c t s . As one might 

a n t i c i p a t e the non-physics teachers use physics r e l a t e d 

cons t ruc t s l e a s t f r e q u e n t l y . 

The hypothesis i s not supported by the data. 
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Return ing t o the example g iven i n t he i n t r o d u c t i o n o f paragraph 

8.17., the comment made t o the t r a i n e e teachers appears t o be 

s u b s t a n t i a l l y c o r r e c t as t he non-physics teachers use pedagogy 

r e l a t e d cons t ruc t s most f r e q u e n t l y . I t has been a s u r p r i s e t o 

most teachers of physics who have commented on t h i s data t o f i n d 

t h a t the students are more s t r o n g l y d i s c i p l i n e o r i e n t a t e d i n 

t h e i r choice of c o n s t r u c t s than the teachers* The numer ica l 

data i s supported by a perusa l o f the a c t u a l c o n s t r u c t l a b e l s 

used. Frequent ly s tudents c i t e c o n s t r u c t s such as: 

"L ikes phys ics, " 

"Well q u a l i f i e d i n h i s s u b j e c t , " 

"Knows h i s s t u f f , " 

e t c . , when desc r i b i ng an e f f e c t i v e teacher. Teachers, on the 

o ther hand use cons t ruc t s such as: 

"Well s t r u c t u r e d lesson, " 

"Clear p lan , " 

" Invo lves s tuden ts , " 

e t c . , when desc r i b i ng an e f f e c t i v e teacher . 

8.18.1, The f i n a l hypothesis sought t o i d e n t i f y a 'word p i c t u r e * o f 

s tudents percep t ion of an ' i d e a l ' or 'most e f f e c t i v e ' teacher . 

I t w i l l be r e c a l l e d t h a t t he hypothesis demanded c l a s s i f i c a t i o n 

o f respondents by t o t a l a t t i t u d e , a c l a s s i f i c a t i o n which, i t r.cs 

been shovm, would be q u i t e i n a p p r o p r i a t e f o r the a t t i t u d e 

• inventory devised f o r the research . I t has not been p o s s i b l e , 

t h e r e f o r e , t o i n v e s t i g a t e t he l a s t hypothesis (12) a l though 

i n d i v i d u a l 'word p i c t u r e s ' o f an e f f e c t i v e teacher have been 

produced f o r groups o f s tuden ts i d e n t i f i e d as p o s i t i v e l y o r 
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n e g a t i v e l y o r i e n t a t e d t o one f a c t o r o f the i n v e n t o r y . These 

p r o f i l e s have a l ready been cons idered. 

8.18.2. Although i t has not been p o s s i b l e t o i n v e s t i g a t e the 

12th . hypothesis i t i s repeated below as the author cons iders 

i t s i n v e s t i g a t i o n i n the f u t u r e t o be o f va lue . The evidence 

a l ready presented t o support the view t h a t common a t t i t u d e 

groups do seem t o e x h i b i t shared percep t ions o f e f f e c t i v e 

teaching i s o f s u f f i c i e n t s i g n i f i c a n c e t o m e r i t the l a t e r 

development o f a b e t t e r means of measuring ' t o t a l a t t i t u d e , ' 

This i s an area of work a l ready being undertaken by a research 

a s s i s t a n t employed by Plymouth P o l y t e c h n i c t o cont inue w i t h t he 

development o f the methodology devised and recorded i n t h i s 

t h e s i s . (Fur ther research plans are discussed i n Chapter 10 ) . 

8.18.3. Hypothesis 12 

" F i r s t year undergraduate s tudents of physics formed i n t o 

l e a r n i n g groups by t h e i r t o t a l a t t i t u d e score, measured by the 

a t t i t u d e t o physics i n v e n t o r y , w i l l have common percep t ions o f 

the pedagogic s t y l e they assoc ia te w i t h e f f e c t i v e teach ing o f 

undergraduate physics w i t h l ess var iance than any mixed a t t i t u d e 

grouping." 
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9.1. A common c r i t i c i s m o f psycho log i ca l and educa t i ona l research 

i s t h a t i t t oo o f t e n wastes t ime g a t h e r i n g e m p i r i c a l support 

f o r the s e l f - e v i d e n t . S i m i l a r comments sometimes ge t made 

about the t h e o r i s i n g t h a t educa t i ona l and p s y c h o l o g i c a l 

researchers engage i n . At the end of the day, i t l ooks as i f 

an e labora te t h e o r e t i c a l framework has been erec ted t o e x p l a i n 

what should have been obvious i n the f i r s t p l ace . 

When one comes t o the end of a leng thy research p r o j e c t , i t can 

be q u i t e d i s c o m f o r t i n g t o be t o l d t h a t one's hard-won f i n d i n g s 

are "obvious" or " l a c k i n g i n news va lue . " Such c r i t i c i s m s , 

once made, are not easy t o slough as ide . I f a l l one's r e s u l t s 

could indeed have been p red i c ted i n advance (e.g. from common-

sense cons ide ra t i ons and/or a l r e a d y - e x i s t i n g knowledge) the onus 

i s upon the researcher t o e x p l a i n why he spent va luab le research 

t ime " d i s c o v e r i n g " them. 

I n an at tempt t o safeguard themselves aga ins t c r i t i c i s m o f t h i s 

k i n d , experienced researchers sometimes pay s p e c i a l advance 

a t t e n t i o n t o the "newsworthiness" ( t o use a term o f K a r l 

Popper's) o f the hypotheses t h a t they are proposing t o t e s t . 

One way o f doing t h i s i s t o descr ibe the hypotheses t o reasonably-

informed col leagues and o u t s i d e r s - w i t h a view to secur ing t h e i r 

op in ions about the l i k e l y outcome. I n e f f e c t , the aim i s t o 

discover whether the re i s s i g n i f i c a n t agreement about the way i n 

which the r e s u l t s w i l l work o u t . I f everybody agrees t h a t the 

r e s u l t s a re l i k e l y t o take a c e r t a i n form, t h e researcher might 

then t h i n k tw i ce about the necess i t y o f doing the experiment. 
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Of course, there may be circumstances i n which i t i s d e s i r a b l e 

t o do an experiment, j u s t t o make sure t h a t i t does work out the 

way i n which everyone expects. But some q u i t e s t rong j u s t i f i ­

c a t i o n would s u r e l y be needed i f a whole succession o f 

experiments f a i l e d t o y i e l d any s u r p r i s e s a t a l l . 

9.2. The hypotheses i n v e s t i g a t e d i n t h i s research p r o j e c t were 

framed by the author from a perspec t i ve o f one who had been a 

student o f phys ics , a teacher o f physics and was c u r r e n t l y an 

i n t e r e s t e d observer from ou ts ide the arena o f phys ics educat ion. 

The r e s u l t s have proved i n t e r e s t i n g t o the author as they have 

enabled him t o c i t e evidence t o support or r e f u t e views which 

were based on i n t u i t i o n when the research began. However, t o 

the e x t e r n a l observer t h e r e i s l i t t l e guidance t o t he 

"newsworthyness" o f the r e s u l t s , t o use Popper*5 te rmino logy . 

By using the term 'newsworthyness* t he author i s 

seeking t o i d e n t i f y those r e s u l t s which are counter i n t u i t i v e 

t o the p r a c t i t i o n e r . One might i l l u s t r a t e a 'newsworthy' or 

'counter i n t u i t i v e * f i n d i n g by c i t i n g A l b e r t E i n s t e i n ' s c lock 

hypothesis , which w'.ien v a l i d a t e d by exper imenta l procedures 

not a v a i l a b l e a t the t ime , E i n s t e i n hypothesized the t ime 

discrepancy assoc ia ted w i t h r e a l t ime t r a v e l . There appeared, 

t h e r e f o r e , t o be a need t o i l l u s t r a t e i n some simple way 

whether the research f i n d i n g s were congruent w i t h , o r i n 

c o n f l i c t w i t h , the views p o p u l a r l y he ld by phys ics educat ion 

p r a c t i t i o n e r s . 

Some k ind o f 'straw-vote' conducted amongst physics teachers 
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seemed a s u i t a b l e means of f i n d i n g out what they b- ieved t o be 

the c u r r e n t view on the hypotheses. 

9.3. The author made two at tempts t o eva luate t h i s o p i n i o n . The 

f i r s t was unsuccessfu l , f o r the reasons s p e c i f i e d w h i l s t the 

second proved most rewarding. I t should be s t r e s s e d , however, 

t h a t t h i s was not intended t o be a ' s c i e n t i f i c ' sampling/data 

c o l l e c t i n g mechanism, merely a s imple way o f f i n d i n g out t o 

what ex ten t the author had r e f l e c t e d the i n t u i t i v e views of 

physics teachers when f raming the hypotheses. The f i r s t , and 

unsuccessfu l , at tempt a t gauging the o p i n i o n of phys ics teachers 

wa^n the form of a ques t i onna i re upon which a l l the hypotheses 

appeared w i t h quest ions asking whether or not the respondent 

agreed w i t h the hypothes is , and i f so, to what e x t e n t . The 

ques t ionna i re f a i l e d p a r t l y because respondents cou ld not e a s i l y 

i n t e r p r e t the hypotheses when these were couched i n t he ja rgon of 

the research p r o j e c t and p a r t l y because a se^&n p o i n t response 

scale proved i n a p p r o p r i a t e f o r t he response demanded. The 

attempt was completed f o r about 20 respondents but such d i f f i ­

c u l t y was experienced t h a t the data c o l l e c t e d was r a t h e r suspect, 

and consequently was r e j e c t e d . 

The second at tempt endeavoured t o overcome the d i f f i c u l t i e s 

experienced p r e v i o u s l y by express ing the hypothes is i n common 

par lance (which, i t should be noted, i n t r oduced some ambigu i ty ) 

and by asking respondents t o es t imate the p r o b a b i l i t y o f each 

statement being t r u e . The method had been used be fo re and the 

author had been s c e p t i c a l o f i t s use fu lness , bu t having r.nw 
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a p p l i e d the technique i s 'converted* t o an advocate o f such a 

method. (For 's t raw-vote ' op i n i on ga the r i ng the method i s 

i d e a l , i n a ser ious study the author would s t i l l have 

r e s e r v a t i o n s as the ques t ioner i n the i n t e r v i e w can 'manage* 

the s i t u a t i o n i n such a way as t o i n t r oduce b i a s ) . 

Only twelve physics teachers were quest ioned, s i x f rom a s i n g l e 

u n i v e r s i t y , f o u r from one p o l y t e c h n i c and two ex-physics 

l e c t u r e r s now employed i n the area o f educa t i ona l technology. 

A r b i t r a r y l e v e l s were decided f o r c u t - o f f p o i n t s f o r the 

average p r o b a b i l i t y l e v e l o f ̂ 0% (do not agree) and 60% (ag ree ) . 

Table 9/1 i n d i c a t e s the way i n which each hypothesis was 

supported, r e f u t e d or no conc lus ion drawn from the research data 

and from the sampling o f i n t u i t i v e views o f other phys ics 

teachers . The t h i r d l i n e i n d i c a t e s those hypotheses where 

f i n d i n g s are c o n t r a r y t o these i n t u i t i v e views o r , i n o ther 

words, i t i d e n t i f i e s those hypotheses where a "newsworthy" 

r e s u l t became apparent from the research data . 

TABLE 9/1 ABOUT HERE 

9.̂ . I t w i l l be noted t h a t on ̂ •5% of the hypotheses the research 

data i n d i c a t e s t h a t the r e s u l t s are i n c o n f l i c t w i t h the 

popular views of p r a c t i t i o n e r s . The prev ious chapter has 

discussed each hypothesis i n r e l a t i o n t o t he data and so i t i s 

intended on ly t o h i g h l i g h t i n t h i s chap te r , those e i g h t se ts o f 

r e s u l t s where c o n f l i c t appears t o e x i s t . The data suggests 
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TABLE 9/1. The hypotheses i n r e l a t i o n t o data and p r o b a b i l i t y es t ima t ing by a group of p r a c t i s i n g 
physics teachers. 

00 

ABCD are f o r Hypotheses 

f a c t o r s of a t t . 1 1 1 1 2 2 2 2 3 ^ 5 6 7 8 9 10 11 12 

inven to ry A B C D A B C D A B C D A B C D A B 

Research data 
* 

/ Supported / X X X / / / / X X / X X / 0 0 X 0 

X Refuted 

0 No r e s u l t 

Straw vote 

/ Supported / X / 0 X / / / / X X / / X / •0 / 0 

X Refuted 

0 No r e s u l t 

Findings i n 
c o n f l i c t w i t h 
popular 
op in ion S S S s . S S S S S 

S i g n i f i c a n t a t 0.05 l e v e l . 



t h a t teachers o f physics p r i z e the f o s t e r i n g o f i n t r i n s i c 

m o t i v a t i o n i n t h e i r s tudents l e s s h i g h l y than enab l ing t h e i r 

s tudents t o overcome the hu rd le o f an examinat ion. The 

s tuden ts , however, i t would appear from the data, do demand a 

pedagogic s t y l e which places the development of ' i n t r i n s i c 

m o t i v a t i o n ' and 'pleasure from physics l e c t u r e s ' h igher i n 

importance than overcoming the examinat ion h u r d l e . Most 

physics teachers are i n c o n f l i c t w i t h the data i n two respec ts : 

f i r s t l y , i t does not acknowledge t h a t teachers and s tudents may 

have d i f f e r e n t p r i o r i t i e s i n these areas, and secondly, i t 

pos tu l a tes t h a t s tudents w i l l want t o 'pass an exam'rather 

than be i n t r i n s i c a l l y mot ivated t o en joy physics i n s t r u c t i o n . 

I r r e s p e c t i v e of which a t t i t u d e f a c t o r s are considered .^thci data 

i n d i c a t e s t h a t teachers or s tudents who e x h i b i t d i f f e r e n t 

a t t i t u d e s w i l l perce ive d i f f e r e n t t each ing s t r a t e g i e s (pedagogic 

s t y l e s ) as being e f f e c t i v e . Most p r a c t i s i n g teachers c l e a r l y 

do not see such a d i s t i n c t i o n and cons ider an e f f e c t i v e teacher 

of one type of s tuden t , ( c l a s s i f i e d by a t t i t u d e ) t o be e q u a l l y 

e f f e c t i v e f o r any o ther type o f s tudent ( c l a s s i f i e d by a t t i t u d e ) . 

These observat ions are r e p l i c a t e d i n two separate hypotheses 

which consider t h i s problem from d i f f e r e n t perspec t i ves 

(Hypotheses 5 and 6 ) . The author considered t h a t phys ics 

teachers and physics students would tend t o use d i s c i p l i n e 

based c r i t e r i a t o assess an observed teach ing episode, w h i l s t 

o ther teachers , who were devoid o f s u b j e c t knowledge would tend 

t o use more pedagogic o r i e n t a t e d c r i t e r i a . I n f a c t the 

evidence a v a i l a b l e suggests t h a t s tuden ts are very much aware o f 

aspects o f pedagogic competence and are more l i k e teachers o f 
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other d i s c i p l i n e s when observ ing and assessing a \ e r . 

Physics teachers do, however, use d i s c i p l i n e based ' : t e r i a . 

The p r o b a b i l i t y e s t i m a t i n g technique suggests t h a t physics 

teachers do not acknowledge t h a t they may be b i a s i n g an 

assessment towards d i s c i p l i n e based c r i t e r i a a l though evidence 

i s a v a i l a b l e t o show t h a t they do. A d d i t i o n a l l y , the author 's 

sample o f physics teachers do not acknowledge t h a t t h e i r 

s tudents are able t o make competent pedagogic c r i t i c i s m i n 

e f f e c t i n g an a p p r a i s a l o f an observed teach ing episode. 

I n h i s former teaching t r a i n i n g a c t i v i t i e s , the author 

f r e q u e n t l y found h imse l f having t o convince s tudents t h a t they 

would be f a i r l y assessed on teach ing p r a c t i c e by someone they 

( the s tudents ) knew had no knowledge o f t h e i r s u b j e c t . I n 

almost every case students would p r e f e r t o be assessed by a 

teacher o f t h e i r own s u b j e c t . Evidence c o l l e c t e d t hen , as w e l l 

as i n t h i s research data, c l e a r l y shows t h a t a physics teacher 

v iewing a student teacher o f physics i s l i k e l y t o make s t a t e ­

ments a k i n t o : "Well i t was O.K. but I would do i t t h i s 

way " 

The non-physics assessors would make s i m i l a r comments but the 

d i f f e r e n c e cent res on how the sentence i s completed. For 

p h y s i c i s t s t he re are u s u a l l y physics based comments l i k e .... 

" you could have r e l a t e d the wave theory o f l i g h t t o the 

propagat ion o f an e lec t ro -magnet ic wave by c o n s i d e r i n g the 

f i e l d e f f e c t s o f an o s c i l l a t i n g e l e c t r o n i n f r e e space." 
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The non p h y s i c i s t s ' comments tended t o be d i s c i p l i n e f r e e as 

e x a m p l i f i e d by : " .... could you not have used a water tank, 

some demonstrat ion or a t l e a s t a diagram t o i l l u s t r a t e your 

p o i n t about the wave theory o f l i g h t ? " (Both comments are 

t r a n s c r i b e d from a c t u a l assessor r e p o r t s on s tudent teachers 

o f p h y s i c s ) . Wh i l s t t h i s d i d not form a major p a r t o f t h i s 

research the examples are inc luded t o c l a r i f y how the i n t u i t i v e 

statements o f p r a c t i c a l teachers i s c l e a r l y q u i t e d i f f e r e n t t o 

the a c t u a l s t r a t e g i e s adopted. W h i l s t the data i s not 

s t a t i s t i c a l l y s i g n i f i c a n t the t r e n d ' o f r e s u l t s supported the 

author 's b e l i e f t h a t mixed a b i l i t y common a t t i t u d e groups are 

more l i k e l y t o demand a conmion pedagogic s t y l e i n order t o 

achieve what they perceive as an e f f e c t i v e teach ing s t r a t e g y 

than are mixed a t t i t u d e , common a b i l i t y groups. Popular 

op in ion d i d not acknowledge t h a t a t t i t u d e (however measured) 

had an e f f e c t on the percep t ion o f an e f f e c t i v e pedagogic s t y l e 

9.5. Hope fu l l y t h i s chapter has h i g h l i g h t e d some o f the 

d i f f e r e n c e s between the research data and the views he ld by 

some p r a c t i s i n g physics teachers . The author f i r m l y be l i eves 

t h a t any at tempt t o improve the o v e r a l l e f f i c i e n c y o f physics 

teach ing o f undergraduate s tudents would f i r s t have t o reso lve 

these c o n f l i c t s and e s t a b l i s h c uoriimon area o f understanding 

before s p e c i f i c changes o f s t r a t e g y were recommended. 
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10.1. On i n i t i a t i n g t h i s study t he author 's c o n t e n t ! . t h a t 

t h e c r i t e r i a used t o form s tudent groups, t h e metht, . o f 

i n s t r u c t i o n advocated by teachers o f undergraduate p, -a ics, 

s tudents ' percept ions o f t h e i r own needs i n terms o f pedagogic 

s t y l e and teachers ' percep t ions o f t h e i r s tuden ts ' needs a l l 

r e q u i r e d i n v e s t i g a t i o n . Furthermore,the author in tended t o 

prov ide evidence which pe rm i t t ed an i n v e s t i g a t i o n o f the areas 

s p e c i f i e d above, but which would a l s o s u b s t a n t i a t e h i s b e l i e f 

t h a t teachers o f phys ics , teachers of d i s c i p l i n e s o ther than 

physics and physics s tudents a l l use d i f f e r e n t c r i t e r i a when 

assessing a teacher's e f f e c t i v e n e s s . 

The previous chapter has a l ready considered how the hypotheses, 

when considered i n the l i g h t o f the da ta , p rov ide some 

c l a r i f i c a t i o n o f these areas o f expressed concern and h igh ­

l i g h t e d how these r e s u l t s r e l a t e t o popular o p i n i o n amongst 

those i nvo l ved w i t h physics educat ion . There has never been 

any i n t e n t i o n t o make p r e s c r i p t i v e comments about phys ics 

educat ion, the conclus ions drawn are intended t o be i n f o r m a t i v e 

f o r physics teachers or e d u c a t i o n a l i s t s who are i n t e r e s t e d i n 

improving the e f f e c t i v e n e s s o f l e a r n i n g amongst phys ics 

s tuden ts . The 'conclusions' a re r e a l l y 'observat ions* o f what 

was happening i n physics educat ion i n the p e r i o d 1975 t o 1977. 

The reader, who i s i n t e r e s t e d i n improving s tuden t l e a r n i n g may 

f i n d t h a t these observat ions are i l l u m a t i v e , as d i d many o f the 

people asked f o r t h e i r op in ion i n the 'straw vo te ' survey o f the 

prev ious chapter . Whether t he research w i l l be u s e f u l cannot 

be s t a t e d , but f o r some readers the f i n d i n g s w i l l i d e n t i f y a 
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d i f f e r e n t percep t ion o f a problem which may have been 

approached from one perspec t i ve o n l y . Thus^the making e x p l i c i t 

o f d i f f e r i n g percept ions o f a common problem may enable the 

p r a c t i t i o n e r ^ w h o i s des ign ing new and unique teach ing 

s t r a t e g i e s ^ t o consider how d i f f e r e n t approaches might be 

construed by those who w i l l u l t i m a t e l y have t o experience them 

as both l ea rne rs and teachers . 

At the ou t se t t he research was not in tended t o be a method­

o l o g i c a l study and y e t ^ i n r e t r o s p e c t ^ t h e major c o n t r i b u t i o n 

t h i s research may be seen t o have made may w e l l be the adopt ion 

of an es tab l i shed technique, namely r e p e r t o r y g r i d s , i n t o an 

ins t rument f o r app ra i s i ng teach ing e f f e c t i v e n e s s . Throughout 

the research per iod the author was employed i n a p o l y t e c h n i c 

w i t h the mandate t o improve the q u a l i t y o f teach ing w i t h i n the 

i n s t i t u t i o n . Such demands r e s u l t e d i n the emergence of the 

TARGET p r o j e c t (Teaching A p p r a i s a l by Repertory Gr id Q i c i t a t i o n 

techn iques) (Keen & Hopwood 1978) which has been developed by 

the author together w i t h h i s co l league , and i s based 

e x c l u s i v e l y on the methodology developed by the author f o r the 

i n v e s t i g a t i o n of the research hypotheses of t h i s t h e s i s . The 

author perceives TARGET as the l i n k between h i s academic 

research (dur ing 197^ - 1978} as descr ibed i n t h i s t h e s i s , and 

the p r a c t i c a l arena o f educa t i ona l technology. Paragraph 10.2. 

descr ibes the TARGET p r o j e c t ( t h e whole of paragraph 10.2. has 

been publ ished as a paper (Hopwood & Keen 1978) i n 

Programmed Learning and Educa t iona l Technology 15, 3, 187 - 195) 

and i t s r e l a t i o n s h i p t o t h i s research. 
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10.2. TARGET i s an acronym f o r Teaching A p p r a i s a l by Repertory 

Gr id E l i c i t a t i o n Techniques. The p r o j e c t i s under develop-

. ment and w i l l , u l t i m a t e l y , become o p e r a t i o n a l a t f o u r l e v e l s , 

each successive l e v e l e x h i b i t i n g a g rea te r degree o f 

s o p h i s t i c a t i o n . This paper i s con f ined t o a d i scuss ion o f 

Level 1 , which i s a l ready f u l l y o p e r a t i o n a l . 

THE TRADITIONAL APPROACH 

Teaching and l e a r n i n g are a c t i v i t i e s o f an extremely complex 

na tu re , a c t i v i t i e s t o which cons iderab le research e f f o r t has 

been, and cont inues t o be, a p p l i e d . A major purpose of such 

research i s t o i l l u m i n a t e the nature o f each and t o p o i n t up 

r e l a t i o n s h i p s between them. Even so, t he re e x i s t few 

o p e r a t i o n a l g u i d e l i n e s a v a i l a b l e t o teachers seeking ways and 

means of c r e a t i n g e f f e c t i v e l e a r n i n g s i t u a t i o n s f o r t h e i r 

s tudents- I n other words, a s s o c i a t i v e l i n k s between ac ts o f 

teaching and modes o f l e a r n i n g are f a r from numerous a t the 

p r a c t i t i o n e r l e v e l . 

Notwi ths tand ing the tenuous nature o f such l i n k s , i t i s 

commonplace, i n fo rma l courses o f p r o f e s s i o n a l t r a i n i n g f o r 

teach ing , t o evaluate teachers and t o ca tego r i se t h e i r a b i l i t y 

t o teach by means of app ly ing numer ica l grades, or by the use o f 

such a d j e c t i v e s as bad, good, weak, s t r o n g , pass, f a i l and 

d i s t i n c t i o n , t o name but a few. More o f t e n than n o t , such 

eva lua t i ons exclude a teacher 's own pe rcep t i on o f teach ing 

e f f e c t i v e n e s s and the consumer's o p i n i o n s , those of h i s 

s tuden ts , are seldom canvassed. 
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The methods by which teachers and teach ing are ĉ.- -r ised are 

too numerous t o mention. They range from a w r i t t '̂ age o f 

s u b j e c t i v e comment, through check l i s t s o f "appropr. l e " 

teach ing behaviours, t o complex and m y s t i f y i n g grading systems 

employing m u l t i p l e e v a l u a t i v e c r i t e r i a . .Almost w i t h o u t 

exc e p t i o n , these inst ruments are used by an observer i n the 

classroom d u r i n g , or immediately a f t e r , a teach ing episode. 

Although the h i g h l y s u b j e c t i v e na tu re o f t h i s approach i s w e l l 

known, the re seems t o be no r e l i a b l e way o f app ra i s i ng teachers 

or teach ing other than by observing teach ing behaviours, and 

p l a c i n g apparent ly a r b i t r a r y va lues upon t h e i r appropr ia teness. 

W i th in a given teacher t r a i n i n g u n i t , t h e r e may be no o b j e c t i o n 

t o such a process, provided t h a t the s tuden t teachers , and t h e i r 

observers, accept c r i t e r i a t o be used f o r asses5ment purposes, 

e s p e c i a l l y i f steps are taken t o ensure c o m p a r i b i l i t y of 

assessments made by d i f f e r e n t observers. Major problems a r i s e , 

however, when a t tempt ing t o compare "good" or "bad" teachers , so 

de f ined w i t h i n one t r a i n i n g u n i t , w i t h t h e i r coun te rpar ts so 

de f i ned w i t h i n another such u n i t . I n many ways, such problems 

might be expected as, i n each u n i t , t r a i n e e teachers are i n v i t e d 

t o emulate models of "good" teach ing based on c r i t e r i a 

recommended by d i f f e r e n t groups o f "expe r t s , " c r i t e r i a which 

are o f t e n t o t a l l y e x t e r n a l t o the t r a i n e e s themselves. 

I n the Uni ted Kingdom, and a l so i n the Un i ted States of America, 

the re i s ^as yet^no s t a t u t o r y o b l i g a t i o n upon teachers i n 
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• establ ishments o f Fur ther and Higher Educat ion t o ce ive 

fo rma l t r a i n i n g f o r teach ing . I n the UJ(, those : 11 groups 

of FE/HE teachers who do present themselves f o r t r a . i - i ng , do so 

on a v o l u n t a r y bas i s , u s u a l l y f o l l o w i n g fo rma l i n - s e r v i c e 

courses f o r which remiss ion o f teach ing d u t i e s i s a l lowed. 

Such teachers accept t h a t some q u a n t i f i c a t i o n o f t h e i r teach ing 

„ i s , i n v a r i a b l y , a course requirement. For the vas t m a j o r i t y o f 

t h e i r co l leagues , however, the rewards a t t a c h e d t o teach ing 

accomplishment are perceived t o be l e s s than those a t t r a c t e d 

by h igh l e v e l s o f academic achievement i n t h e i r r e s p e c t i v e 

sub jec t areas. I n any event, were o v e r t at tempts made t o r a i s e 

the " teaching c l i m a t e " (Eraut 1975) o f an i n s t i t u t i o n , B r i t i s h 

academics and t h e i r p r o f e s s i o n a l a s s o c i a t i o n s , would be l i k e l y 

t o r e s i s t - s u c h e f f o r t s . This r e s i s t a n c e could take the form o f 

drawing a t t e n t i o n t o the low r e l i a b i l i t y and d o u b t f u l v a l i d i t y 

o f many o f the ins t ruments used f o r teach ing a p p r a i s a l purposes> 

and p o i n t i n g up the p l i g h t o f those o f t h e i r American academic 

col leagues whose careers are o f t e n threatened by compulsory 

e v a l u a t i o n o f t h e i r teach ing a b i l i t y by the use of ins t ruments 

of s i m i l a r dub ie t y . 

Nevertheless, i t would be wrong t o suggest t h a t teachers i n 

FE/HE are t o t a l l y unconcerned about t h e i r e f f e c t i v e n e s s i n i r . ^ 

classroom. This i s probably j u s t as w e l l , f o r i n s t i t u t i o n s o f 

FE/HE are , c u r r e n t l y , f i n d i n g the need t o respond t o both 

i n t e r n a l and e x t e r n a l pressures t o maximise the e f f e c t i v e n e s s o f 

teach ing . I t i s the o p i n i o n o f the author , however, t h a t f o r 

reasons a l ready discussed, those w i t h i n these i n s t i t u t i o n s 
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mandated t o improve teach ing e f f e c t i v e n e s s w i l l a : : C t no 

c r e d i b i l i t y i n the eyes of t h e i r academic co l l eagu : 5 by f u r t h e r 

e l a b o r a t i o n o f e x i s t i n g i ns t rumen ts , or by the new development 

of s i m i l a r i ns t rumen ts , p u r p o r t i n g t o measure e f f e c t i v e 

teach ing . 

A d d i t i o n a l l y , should p r o f e s s i o n a l t r a i n i n g f o r teach ing become a 

s t a t u t o r y requirement f o r new e n t r a n t s t o the FE/HE teaching 

s e r v i c e , those respons ib le f o r p r o v i d i n g the fo rma l t r a i n i n g 

courses cou ld f i n d themselves i n imposs ib ly vu l ne rab le p o s i t i o n s 

once the element o f v o l u n t a r y course attendance no longer 

a p p l i e s . 

PERSONAL CONSTRUCTS 

I t i s aga ins t the background o f t h i s somewhat depressing 

scenar io t h a t the amergent TARGET system cou ld be seen t o o f f e r 

an a l t e r n a t i v e and novel approach t o teach ing a p p r a i s a l . 

TARGET i s an e l a b o r a t i o n by Keen, Hopwood and Reid ( B i l e s , B i l e s , 

Keen and Hopwood 1978) o f methodology devised by George K e l l y 

( K e l l y 1955) and supplemented by Bannis ter & Mair (1968), 

P a t r i c k S l a t e r (1972) and o t h e r s . The system r e f l e c t s K e l l y ' s 

p h i l o s o p h i c a l p o s i t i o n of c o n s t r u c t i v e a l t e r n a t i v i s m , t h a t i s t o 

say, an acceptance t h a t an inc:v id>^al*s i n t e r p r e t a t i o n o f the 

universe i s s u b j e c t t o replacement or r e v i s i o n , r a t h e r than 

p resen t ing a s t a t i c , o n c e - f o r - a l l c o n s t r u c t i o n o f the un iverse , 

or o f any p a r t o f it» 

The TARGET system u t i l i s e s Repertory Gr id techn iques , a l l o w i n g a 
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respondent t o prov ide p l a i n language statements t . i n t e r p r e t 

events i n terms o f d i s c r i m i n a t i o n , o r g a n i s a t i o n an:-" the 

a n t i c i p a t i o n of f u t u r e p o s s i b i l i t i e s . Statements oP t h i s k i nd 

are known as personal c o n s t r u c t s , and represen t i n t e r p r e t a t i o n s 

imposed on events, (events assoc ia ted w i t h teachers and 

teaching i n the case o f TARGET), by the respondent. Linkages 

between c o n s t r u c t s i l l u m i n a t e aspects o f h i s c o n s t r u c t system, . 

an understanding of which a l lows s p e c u l a t i o n concerning h i s 

approach t o the o rde r i ng and a n t i c i p a t i o n o f events. 

I n genera l , a c o n s t r u c t prov ides a means of i d e n t i f y i n g 

s i m i l a r i t i e s and d i f f e r e n c e s . Furthermore, i t o f f e r s a 

continuum along which an aspect o f an event may be sca led . 

A cons t ruc t i s , t h e r e f o r e , two-ended, or fai-polar, i n v o l v i n g 

a p a r t i c u l a r bas is f o r cons ide r ing l i kenesses and d i f f e r e n c e s 

and, a t the same t ime , f o r exc lud ing t h i n g s as i r r e l e v a n t t o the 

c o n t r a s t i n v o l v e d . 

For example, i f the c o n s t r u c t "good d i c t i o n - bad d i c t i o n " i s a 

f e a t u r e o f a respondent's c o n s t r u c t system, he may use t h i s t o 

i d e n t i f y good d i c t i o n and bad d i c t i o n i n the course o f , say, 

observing a teacher. Furthermore, having now d e f i r - the poles 

of a scale r e l a t i n g t o d i c t i o n , the teacher under observa t ion 

may be p o s i t i o n e d upon i t , as may be o ther teachers observed i n 

the f u t u r e . I t i s impor tan t t o r e a l i s e , however, t h a t t h i s , and 

other c o n s t r u c t s , are f r e e l y e l i c i t e d by t he respondent, and thus 

take account o f i n d i v i d u a l percept ions o f a c t s o f teach ing . 
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As seen by Bann is te r , and by K e l l y , c o n s t r u c t s and c o n s t r u c t 

systems e x e r t a c o n t r o l l i n g i n f l u e n c e on t h e i n d i v i d u a l : -

"The system of c o n s t r u c t s which a person e s t a b l i s h e s f o r 

h imsel f represents the network o f pathways along which he i s 

f r e e t o move. Each path can be viewed as a two-way s t r e e t , and 

wh i l e the i n d i v i d u a l may choose e i t h e r o f these d i r e c t i o n s , he 

cannot, so t o speak, s t r i k e out across count ry w i t h o u t b u i l d i n g 

new c o n s t r u c t i o n s , new rou tes t o f o l l o w . 

When a person must move, he i s conf ronted by a s e r i e s of 

dichotomous choices - each choice being channel led by a 

c o n s t r u c t . Each c o n s t r u c t represents a p a i r o f r i v a l 

hypotheses, e i t h e r o f which may be a p p l i e d t o a new element 

which the person seeks t o const rue . Thus, j u s t as the 

exper imenta l s c i e n - i s t designs h i s experiments around r i v a l 

hypotheses, so each person i s seen as des ign ing h i s d a i l y 

e x p l o r a t i o n s o f l i f e around the r i v a l hypotheses which are 

y i e l d e d by the c o n s t r u c t s w i t h i n h i s system. Moreover, j u s t 

as the s c i e n t i s t cannot foresee p o s s i b i l i t i e s - t h a " l ie has no t , 

i n some manner, conceptua l ised i n terms o f hypotheses, so any 

i n d i v i d u a l can prove o r d isp rove on ly t h a t which h i s 

c o n s t r u c t i o n system a l l ows hxiw to see i n terms,of p o s s i b l e 

a l t e r n a t i v e s . The c o n s t r u c t system sets the l i m i t s beyond 

which i t i s impossib le f o r a person t o pe rce i ve , and i n t h i s way 

cons t ruc t s are seen as c o n t r o l s on a person's ou t l ook and a l s o , 

i n an u l t i m a t e sense, as c o n t r o l s on h i s behaviour. 
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K e l l y suggests t h a t t he c o n t r o l l i n g i n f l u e n c e o f ... , i t : ; tructs 

becomes p a r t i c u l a r l y i n t e r e s t i n g when a person begins t o use 

himsel f as an event i n the con tex t o f the c o n s t r u c t s he i s 

developing or o p e r a t i n g . When a person uses h i m s e l f as a 

datum i n forming new c o n s t r u c t s , he f i n d s t h a t the c o n s t r u c t s 

formed operate as a t i g h t c o n t r o l on.his own behaviour . I n 

forming a se t o f c o n s t r u c t s which i n c l u d e the s e l f us an 

element w i t h i n t h e i r range o f convenience, the person p l o t s the 

dimensions along which i t w i l l be p o s s i b l e t o organise h i s own 

behaviour i n r e l a t i o n t o o t h e r s . Thus a person who inc ludes 

h imsel f i n the con tex t of the c o n s t r u c t , say, powerful-weak, 

binds h imsel f t o assess h i s own behaviour i n r e l a t i o n t o t h a t 

dimension. Whether he sees h imse l f as power fu l or weak i s o f 

i n t e r e s t t o a p s y c h o l o g i s t , but i t i s secondary t o t h e f a c t t h a t 

the person has ordered h i s wor ld and h imse l f w i t h respec t t o the 

powerful-weak dim'.nsion. 

From the p o i n t o f view o f personal c o n s t r u c t t h e o r y , any person, 

when viewed by another, i s regarded as the p o i n t o f i n t e r s e c t i o n 

of a number o f personal c o n s t r u c t s used by the observer . Oust 

as the North Pole i s de f ined as the p o i n t o f i n t e r s e c t i o n o f a 

number o f geographical c o n s t r u c t i o n s , so a lso the viewed person 

i s t o be i d e n t i f i e d as the ir.^it j t ir.y p o i n t o f a s e r i e s o f 

dichotomised, c a t e g o r i c a l and personal i n t e r p r e t a t i o n s . " 

Aspects o f the methodology used-in the adapt ion o f g r i d theory 

t o teaching a p p r a i s a l , as used i n TARGET, are discussed i n the 

second p a r t o f t h i s paper. 



At the p r a c t i t i o n e r l e v e l , a respondent t o TARGET r e c e i v e s , as 

an end product , th ree p r o f i l e s i n the form o f bar c h a r t s . 

These show: 

a) His percep t ion o f an e f f e c t i v e teach ing s t y l e . 

b) His percep t ion o f h i s own teach ing s t y l e . 

c ) H is percep t ion o f an i n e f f e c t i v e teach ing s t y l e . 

The d e r i v a t i o n o f these p r o f i l e s from g r i d data w i l l be 

discussed i n some d e t a i l l a t e r , bu t f o r the present i t i s 

s u f f i c i e n t t o remark t h a t not on l y are the respondent's own 

c o n s t r u c t s p r i n t e d on the p r o f i l e s , but those c o n s t r u c t s are 

organised i n t o groups which best descr ibe each dimension of 

the p r o f i l e s . I n other words, an attempt i s made t o dep i c t 

t h a t p a r t o f the cons t ruc t system used by the respondent t o 

ca tego r i se teachers and teach ing episodes. 

A s i g n i f i c a n t d i f f e r e n c e between the TARGET system and other 

systems and methods mentioned e a r l i e r l i e s i n the f a c t t h a t 

c r i t e r i a o f e f f e c t i v e n e s s , own teach ing s t y l e and i n e f f e c t i v e ­

ness, r e s p e c t i v e l y are e l i c i t e d by the respondent himself» 

I n t h i s way he i s f r e e d from the burden of con fo rm i t y t o 

c r i t e r i a developed by "exper ts , " c r i t e r i a o f t e n a l i e n t o h i s own 

personal c o n s t r u c t system. 

I t i s no t claimed t h a t the use o f TARGET w i l l produce " b e t t e r " 

teachers bu t , never the less , respondents t o a TARGET g r i d may w e l l 

experience heightened pe rcep tua l awareness o f teachers and 

teach ing . Although there i s no one-to-one r e l a t i o n s h i p between 

percep tua l competence and a complex motor s k i l l such as teach ing , 

t he re i s some evidence t o support the view t h a t motor . U s 
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cannot be acqui red w i t h o u t pe rcep tua l enhancement, and t h a t 

r e p e r t o r y g r i d s are app rop r i a te means t o t h i s end. 

CONSULTANCY 

I t i s almost i n e v i t a b l e t h a t a teacher , on r e c e i v i n g h i s 

p r o f i l e s , w i l l immediately compare one w i t h another. On 

comparing h i s own teaching s t y l e p r o f i l e w i t h t h a t perce ived by 

him t o be r e p r e s e n t a t i v e o f e f f e c t i v e t e a c h i n g , he may conclude 

t h a t the re i s some inadequacy or d e f i c i e n c y i n h i s own teaching 

s t y l e . I t i s a t t h i s p o i n t where the need a r i s e s f o r the 

p r o v i s i o n o f a consul tancy or c o u n s e l l i n g s e r v i c e f o r , as 

po in ted up by Thomas (Thomas & H a r r i - A u g s t e i n 1976) 

"When a h a b i t u a l s k i l l i s d i s r u p t e d , performance drops and 

the l ea rne r becomes emot iona l l y v u l n e r a b l e . He r e q u i r e s 

support and d i s c i p l i n e from i n s i d e or ou t s i de t o cont inue 

through the t rough of t h i s process o f change and t o en te r i n t o 

a p o s i t i v e r e c o n s t r u c t i v e phase o f l e a r n i n g - t o - l e a r n c " 

Fur ther i n s i g h t i s prov ided by Reid (Reid 1977) 

" M i l l e r ' s work suggests t h a t t o c o n s t r u c t a more e f f e c t i v e 

p lan the l ea rne r must dissemble 3 ; ; i s t i n g p lans , o f t e n a t many 

l e v e l s o f complex i ty , before recombining them i n t o an a l t e r n ­

a t i v e s t r u c t u r e . He w i l l , as i t were, be a t some stage caught 

between p lans. I n v a r i a b l y t h i s leads t o sudden and marked 

drops i n performance, a pe r iod o f depress ion, d i s i n t e r e s t , 

a n x i e t y , and f e e l i n g s of hopelessness. At the p o i n t where the 

d is tance forwards i s equal t o the d i s tance back, therr ; - re very 
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s t rong temptat ions t o r e i n s t a t e o l d plans and t o r e j e c t new 

methods on the basis t h a t they can be seen not t o work. The 

only s o l u t i o n t o t h i s s i t u a t i o n i s perseverence i n t he l e a r n e r , 

and to le rance and support from the t r a i n e r . " 
r 

B u i l t i n t o any such consul tancy s e r v i c e should be p r o v i s i o n f o r 

s k i l l s t r a i n i n g and, a t t h i s s tage, t he re i s a meeting p o i n t 

between i n t e r p r e t i v e and behav ioura l approaches. There i s , 

however, a s i g n i f i c a n t d i f f e r e n t between a t r a i n i n g programme 

of t h i s k i n d and, as mentioned e a r l i e r , programmes designed t o 

t r a i n teach ing s k i l l s considered r e l e v a n t t o a c t s o f good 

teaching i n a l o c a l s e t t i n g . 

I n the con tex t o f t r a i n i n g associated w i t h TARGET, i t i s the 

teacher h imse l f who i s the "exper t , " and i t i s he who may be 

mot ivated t o change, o r t o modify h i s behaviour i n the l i g h t of 

h i s own percep t ion o f h i s teach ing s t y l e r e l a t i v e t o h i s own 

percept ion o f e f f e c t i v e t each ing . 

There are reasons t o b e l i e v e t h a t , through the experience o f 

TARGET, the teacher's p o t e n t i a l t o reconst rue h imse l f as an 

e f f e c t i v e teacher w i l l be enhanced and, should t h i s be the case, 

the consu l t an t or counse l l o r i s now i n the p o s i t i o n o f being 

able t o nego t i a te w i t h h i s c l i e n t an i n d i v i d u a l t r a i n i n g package 

Such a package may assume many forms and u t i l i s e va r i ous 

resources, i n c l u d i n g micro teach ing f a c i l i t i e s . What l i t t l e 

experience may be c i t e d t o date suggests t h a t , f a r f rom such 

f a c i l i t i e s being i r r e l e v a n t t o TARGET, e x c i t i n g possib. t i e s 
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are beginning t o suggest themselves, a l l o f which p o i n t t o a 

more v i t a l and r e a l i s t i c approach t o i n - s e r v i c e t r a i n i n g and 

t o in-house i n d u c t i o n courses. 

At t h i s p o i n t , however, having considered some aspects of the 

o r i g i n s o f TARGET, i t s under l y ing phi losophy and perceived 

p o t e n t i a l , l e t us now t u r n t o a more d e t a i l e d examinat ion o f 

the system, i n s o f a r as i t prov ides feedback t o the respondent. 

COMPLETING THE GRID . 

A pack of f ou r t een "cue" cards i s presented t o the respondent 

who i n s e r t s names or d e s c r i p t i o n s of teachers on the f i r s t 

th ree according t o p r i n t e d i n s t r u c t i o n s . The remaining eleven 

cards correspond t o videotaped excerpts o f t e a c h i n g - l e a r n i n g 

s i t u a t i o n s which the respondent then views. The videotape i s 

c a r e f u l l y cons t ruc ted i n order t o r e p r e s e n t a t i v e l y sample the 

cons t ruc t space o f the respondent, a t e s t being i nco rpo ra ted 

i n t o the a n a l y s i s which ensures t h a t , f o r any i n d i v i d u a l 

respondent, h i s c o g n i t i v e s t r u c t u r e has indeed been represent ­

a t i v e l y and adequately explored by the videotaped exce rp ts , 

Wh i l s t v iew ing , the respondent i s i n v i t e d t o reco rd on each 

card h i s observat ions and/or comments on the episodes t o which 

he i s being exposed. I n order t o f a c i l i t a t e r e c a l l , each card 

i s i d e n t i f i e d i n f o u r ways. F i r s t l y , a l e t t e r code which 

corresponds to a column on the g r i d form (see F igure 10.1.) , 

secondly by a photograph of the teacher who appeared i n t h a t 

episode, t h i r d l y by a key word l i n k e d t o the t o p i c being * taught* 

and f i n a l l y by the respondent's own comments. P r i o r t o 
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commencing g r i d a d m i n i s t r a t i o n the respondent i s informed t h a t 

a l l cards must be destroyed before he leaves the room i n order 

t h a t h i s personal comments on the videotaped teach ing episodes, 

and on the teachers named by him, w i l l remain c o n f i d e n t i a l . 

The second stage of the a d m i n i s t r a t i o n process can be undertaken 

once the card pack i s completed. The respondent i s asked t o 

w r i t e h i s persona l ised TARGET reference number (which was drawn 

a t random from a 'pool ') i n the app rop r i a te space on top of h i s 

g r i d form. Figure 10.1. i s a reduced v e r s i o n o f the g r i d form 

used. The complet ion now cont inues i n the t r a d i t i o n a l manner 

f o r r e p e r t o r y g r i d s using r a t i n g scales descr ibed i n d e t a i l by 
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Bannister and Mair (1968). The t r i a d s i d e n t i f i e d i n each 

h o r i z o n t a l l i n e , by means o f shaded c e l l s , are chosen on the 

bas is o f a p i l o t study which i n d i c a t e d t h a t the d i s t r i b u t i o n 

chosen f a c i l i t a t e d the e l i c i t a t i o n o f independent c o n s t r u c t s . 

The a d m i n i s t r a t i o n session may be expected t o take between H 

and Zi hours. 

THE ANALYSIS 

The g r i d ana l ys i s package developed by P a t r i c k S l a t e r (1972) 

i s used f o r the i n i t i a l a n a l y s i s . From t h i s programme, 

p r i n c i p a l components may be i d e n t i f i e d and a t e s t a p p l i e d t o 

determine the number o f components s i g n i f i c a n t ( a t t he 0.05 

l e v e l ) f o r each i n d i v i d u a l respondent. The grea te r the number 

of s i g n i f i c a n t components the more l i k e l y a respondent i s t o be 

able t o appraise a teach ing a c t , (be i t h i s own or observed) on 

i t s m e r i t s r a t h e r than aga ins t some r i g i d and r e s t r i c t i v e se t o f 

c r i t e r i a . 

The TARGET research team i n v e s t i g a t e d the r e l a t i o n s h i p s between 

the c o n s t r u c t s , elements and these components and have been able 

t o develop a computer programme, w r i t t e n by Reid, which 

acknowledges t he mathematical r e l a t i o n s h i p s , operates on them, 

having se lec ted the app rop r i a te data from the i n i t i a l S l a t e r 

a n a l y s i s , and p r i n t s a s e l e c t i o n o f teach ing p r o f i l e s . I t i s 

these p r o f i l e s alone which are r e t u r n e d t o the respondents as 

feedback. 
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THE PRINTOUT-FEEDBACK TO THE RESPONDENT 

The reader w i l l have r e a l i s e d t h a t the a n a l y s i s represents a 

s o p h i s t i c a t e d mathematical t reatment o f the g r i d , which i t s e l f 

i s a power fu l ins t rument . C l e a r l y t h e r e i s a pr^ issing need t o 

present the output from the o p e r a t i o n i n a manner which does not 

bewi lder the respondent who w i l l f o r the most p a r t , be a 

p r a c t i s i n g teacher who may have l i t t l e knowledge o f , or a d e s i r e 

t o become invo l ved i n , the i n t e r p r e t a t i o n o f such a numerical 

a n a l y s i s . The TARGET p r i n t o u t , t h e r e f o r e , cons i s t s o f a number 

of simple p r o f i l e s presented i n a way found t o be both a t t r a c t i v e 

and e a s i l y i n t e r p r e t e d by respondents. At l e v e l one there are 

f i v e pages of feedback. Of these, the f i r s t c o n s i s t s o f a 

statement designed t o a s s i s t the respondent when i n t e r p r e t i n g the 

p r o f i l e , and the l a s t a l i s t o f a l l the c o n s t r u c t s used by the 

respondent i n complet ing the g r i d . I t w i l l be r e c a l l e d 

(F igure 10.1.) t h a t each l i n e o f the g r i d r e q u i r e s the respondent 

t o w r i t e i n h i s own words why two o f the th ree c e l l s ( i d e n t i f i e d 

by shading) are s i m i l a r and y e t , by the same token, d i f f e r e n t 

from the t h i r d . Reference t o F igure 10.2. w i l l r e v e a l how these 

cons t ruc t s were w r i t t e n by one respondent, f o r t h i s i s a rep ro ­

duc t i on of an a c t u a l g r i d . The l i s t o f cons t ruc t s on the f i f t h 

page o f the p r i n t o u t w i l l , t h e r e f o r e , be a complete record of a l l 

the words used by the respondent when he o r i g i n a l l y completciJ the 

g r i d . 
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I t i s t o the middle th ree pages t h a t a t t e n t i o n should now be 

d i r e c t e d . Each o f these cons i s t s of a »profile* which i t s e l f 

i s sub-d iv ided i n t o two, f i r s t l y the "weighted p r o f i l e " and, 

secondly, the "cons t ruc t p r o f i l e " (See f i g u r e s 10.3., 10.^., 

10.5.) 

FIGURES 10.3., 10.^.; 10.5. ABOUT HERE 

The weighted p r o f i l e i s a' bar cha r t designed t o g i ve an 

immediate v i s u a l impression o f the c h a r a c t e r i s t i c s present or 

absent i n the pedagogic s t y l e represented by t h a t p r o f i l e . . 

302 



FIGURE 10.3 
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FIGURE 10.5 
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There w i l l be a number of bars e i t h e r t o the r i g h t o r t o the 

l e f t of the c e n t r a l v e r t i c a l l i n e . The number o f bars found 

t o be s i g n i f i c a n t i n the a n a l y s i s i s c l e a r l y i n d i c a t e d . A 

respondent w i t h more than f o u r s i g n i f i c a n t bars (some respondents 

have up t o eleven) has an a b i l i t y t o appraise a teach ing a c t , be 

i t personal or o therw ise , i n an open and unbiased manner. 

However, less than th ree s i g n i f i c a n t bars on h i : ; p r o f i l e 

i n d i c a t e s a d i s t i n c t l y lower than average a b i l i t y t o recognise 

and apprec ia te d i f f e r i n g pedagogic p r a c t i c e s f o r t h e i r i n t r i n s i c 

wor th. 

V i sua l examinations o f the th ree weighted p r o f i l e s prov ides 

immediate feedback i n terms the s i m i l a r i t i e s and d i f f e r e n c e s 

between the respondent's pe rcep t i on o f h i s own teach ing s t y l e 



and h i s percept ions of e f f e c t i v e and i n e f f e c t i v e teach ing 

s t y l e s r e s p e c t i v e l y . These weighted p r o f i l e s p rov ide a v i s u a l 

and immediate comparison of pedagogic s t y l e s as perce ived by 

the respondent. There i s ^ a need, however, t o p rov ide a 

d e s c r i p t i v e a n a l y s i s o f the weighted p r o f i l e i n o rder t o a s s i s t 

the respondent when i n t e r p r e t i n g the nature of any v i s u a l mis­

match between p r o f i l e s . The ' cons t ruc t p r o f i l e * i s in tended t o 

do j u s t t h i s , a t two l e v e l s . 

F i r s t l y , i t enables the respondent t o i n t e r p r e t the meaning of 

each bar on the weighted p r o f i l e by read ing h i s own words, the 

cons t ruc t p r o f i l e being made e x c l u s i v e l y from the words he used 

i n complet ing the o r i g i n a l g r i d . No-one e lse can i n t e r p r e t h i s 

p r o f i l e -as on ly the respondent t r u l y knows what he meant by the 

words used. Secondly, by read ing downwards, as a l i s t , he i s 

able t o fo rmu la te an accurate p i c t u r e o f the teach ing s t y l e s 

descr ibed by the weighted p r o f i l e . 

D i r e c t i n g a t t e n t i o n i n p a r t i c u l a r t o F igure 10.3. i t can be seen 

t h a t the respondent i n t h i s example construes i n *^oi:r dimensions 

( f o u r b a r s ) . This represents h i s view o f e f f e c t i v e - t e a c h i n g o f 

h i s d i s c i p l i n e , Physics i n t h i s case. I t can be seen t h a t each 

o f the f o u r bars represents " q u a l i t i e s " - o f teachinci i n 

descending order o f importance: i n f a c t about 27% o f " e f f e c t i v e 

teach ing" i s perceived as a r i s i n g from component one; Z0% from 

component 2; 10% from component 3 and Q% from component ^, w i t h 

the balance supp l ied by a range of o ther components not found t o 
• 

be s i g n i f i c a n t . 
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For each bar the f o u r c o n s t r u c t s p r i n t e d under the c o n s t r u c t 

p r o f i l e can be used by the respondent, and on ly by him, t o 

determine a meaning f o r the f i r s t component. S i m i l a r l y , the 

other bars are descr ibed by the f o u r c o n s t r u c t s p r i n t e d a long­

s ide the app rop r ia te bar* I n every case the sequence of the 

f o u r c o n s t r u c t s , reading from the t o p , i n d i c a t e s the order i n 

which they d e f i n e the component i n q u e s t i o n . Thus, i n 

F igure 10,3., the f i r s t component i s best descr ibed by "Allows 

s tudent i n t e r a c t i o n " (whatever the respondent understood t h a t t o 

mean), next by " Incu l ca tes c u r i o s i t y , " and so on. 

Experience has shown t h a t , a l though respondents are ab le t o 

i n t e r p r e t both the weighted and c o n s t r u c t p r o f i l e s w i t h ease and 

w i t hou t fo rma l consultancy^ many (about 60^) have s a c r i f i c e d 

t h e i r anonymity by approaching the TARGET p r o j e c t s t a f f and 

ask ing f o r the o p t i o n a l consul tancy s e r v i c e o f f e r e d , and 

r e f e r r e d t o e a r l i e r i n t h i s paper. 

The s e c u r i t y of TARGET i s h i g h l y p r i z e d by the authors as a safe­

guard f o r p o t e n t i a l respondents and the system devised has 

proved most acceptable. I t should be made e x p l i c i t t h a t a t 

no t ime would, or indeed c o u l d , data be made a v a i l a b l e t o 

* a d m i n i s t r a t o r s ' i n a way which enabled respondents t o be 

i d e n t i f i e d . Any f u r t h e r development o f the TARGET p r o j e c t w i l l 

cont inue t o main ta in t h i s p o l i c y . 

I n conc lus ion , comments upon r e l i a b i l i t y and v a l i d i t y o f g r i d 

methodology would seem t o be a p p r o p r i a t e . Reference t o the 
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standard work on r e p e r t o r y g r i d usage, namely Bann is ter & Ha i r 

(1968) w i l l i n d i c a t e the s p e c i a l c o n s i d e r a t i o n t h a t has t o be 

g iven t o these concepts when a p p l i e d t o r e p g r i d s . Tests are 

b u i l t onto the a n a l y s i s t o ensure i n t e r n a l r e l i a b i l i t y , and 

respondents f o r whom these t e s t s i n d i c a t e suspect re.'̂ ponses are 

informed o f the f i n d i n g but are not prov ided w i t h a se t o f 

p r o f i l e s . I n the reg ion o f 2% o f a l l g r i d s completed have t o 

be r e j e c t e d e i t h e r because o f a f a i l u r e on the t e s t , or due t o 

t h e element sample prov ing u n r e p r e s e n t a t i v e f o r t h a t respondent. 

T e s t - r e t e s t r e l i a b i l i t y i s poor (0.2 and not s i g n i f i c a n t ) when 

feedback i s provided but i s s i g n i f i c a n t a t the 0.1 l e v e l when 

feedback i s w i t h h e l d , the exe rc i se being r e p l i c a t e d w i t h common 

elements and common c o n s t r u c t s f o u r months l a t e r . Thus the 

evidence shows t h a t exposure t o the feedback does a l t e r the 

respondent's pe rcep t ion , both o f h i m s e l f and e f f e c t i v e t each ing , 

a l though i n common w i t h the f i n d i n g o f Franseil<" (1970) i t i s 

the mode of d e f i n i t i o n of components which changes more r e a d i l y 

than the number o f components found s i g n i f i c a n t . 

Face v a l i d i t y i s h i gh , respondents r e a d i l y agreeing t h a t the 

system works. The research f i n d i n g s suggest t h i s view b u t , 

never the less , i n common w i t h o ther researchers us ing r e p g r i d 

techniques, i t must be sa id t h a t r e l i a b i l i t y and v a l i d i t y o.-c 

d i f f i c u l t , t o q u a n t i f y i n any meaningful way. Thus, f o r the 

c r i t i c , who adopts a stance s p e c i f y i n g the need f o r a po l i shed 

and conv inc ing argument based on t r a d i t i o n a l l i n e s , t h e r e i s 

s t i l l no s a t i s f a c t o r y answer, save the on ly t r u e t e s t o f 

v a l i d i t y , namely, i n v i t i n g him t o become a respondent conduct ing 
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.personalised phenomological a p p r a i s a l . Once exper ienced, the 

technique generates an appeal which comes from the e x p l i c i t 

r e v e l a t i o n o f f a c t s i m p l i c i t l y acceptab le , but o therwise hidden 

from the e x t e r n a l wor ld o f the observer. 

I n conc lus ion , such evidence t h a t i s a v a i l a b l e i n these e a r l y 

stages of TARGET opera t i on tends t o support an i n i t i a l c l a i m 

made f o r the system, namely, t h a t i t i s seen by teachers t o o f f e r 

a u s e f u l s e r v i c e , I f t h i s i s t he case i n the longer term, i t 

might be speculated t h a t those concerned w i t h the improvement 

of teaching e f f e c t i v e n e s s i n the FE/HE sec tor w i l l f i n d i n 

TARGET a u s e f u l t o o l which, a t the very l e a s t , w i l l generate 

conversat ions about e f f e c t i v e t each ing , an impor tant f i r s t s tep 

i n improving teach ing c l i m a t e . 

10.3. I t i s not the author 's i n t e n t i o n t o repeat the r e s u l t s i n 

t h i s chapter t h a t have been discussed i n the prev ious two 

chapters , however i t i s considered impor tan t t o h i g h l i g h t the 

f a c t t h a t many observat ions a r e . i n o p p o s i t i o n t o what/expected 

by both the hypo the i f s and popular o p i n i o n . Such an example i s 

hypothesis 3 where popular op i n i on cons idered, as d i d the author , 

t h a t s tudents would see overcoming the hu rd le o f an examinat ion 

r:cre impor tan t than reading physics f o r i t s own sake. There i s 

c l e a r evidence t o show the oppos i te view i s t r u e . 

One does not r e q u i r e the e x p e r t i s e o f a c u r r i c u l u m developer t o 

see t h a t such a mismatch o f pe rcep t ions would have major 

i m p l i c a t i o n s f o r the way a teacher might order and present the 
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m a t e r i a l i n the s y l l a b u s . 

S i m i l a r l y , t he re i s evidence t o suggest t h a t pedagogic 

c r i t e r i a o f teach ing e f f e c t i v e n e s s do f e a t u r e s t r o n r l y i n the 

students* r e p e r t o i r e o f c r i t e r i a f o r assessing teacher 

e f f e c t i v e n e s s , and ye t our educa t i ona l system makes no 

p r o v i s i o n , a t the t ime o f v / r i t i n g , f o r teachers and s tudents t o 

exp lo re each o ther 's d i f f e r i n g pe rcep t ions o f what r o l e each 

should p lay i n developing an e f f e c t i v e l e a r n i n g environment. 

These are but two o f the i n t e r e s t i n g and s u r p r i s i n g r e s u l t s . 

I n conc lus ion one might summarise the r e s u l t s s imply by saying 

t h a t popular op in ion amongst teachers and students o f physics 

does not g e n e r a l l y r e f l e c t the t r u e r e l a t i o n s h i p s . 

l O . ' f . l . Given the comments o f the prev ious paragraph what lessons 

are t o be l e a r n t from the f i n d i n g s and what new quest ions have 

emerged which may be worthy o f subsequent research? 

lOA.?-, The research was not designed t o be, and has no t evolved 

i n t o , a p r e s c r i p t i v e scenar io . The author can on ly main ta in 

h i s p o s i t i o n i n a d e s c r i p t i v e arena and o f f e r the r e s u l t s t o 

those i n t e r e s t e d i n reading them as a means of h i g h l i g h t i n g the 

v o r . f l i c t s of percep t ion which have been i d e n t i f i e d . Many 

quest ions need t o be answered but the author be l i eves h i s 

r e s u l t s don't s p e c i f y the answers, but show the need t o ask 

quest ions about areas normal ly i gno red . The quest ions can 

on ly be framed by the p r a c t i t i o n e r supp l i ed w i t h the i n f o r m a t i o n 

about h i s teach ing arena unique t o him. 
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I t i s w i t h some r e g r e t t h a t the author has not been able t o 

prov ide more conv inc ing evidence t o suggest t h a t mixed a b i l i t y , 

common a t t i t u d e l e a r n i n g groups demand, i n order t o l e a r n more 

e f f i c i e n t l y , a common pedagogic exper ience. His i . i ; t u i t i v e 

b e l i e f t h a t t h i s i s so remains unshaken and the evidence which 

has become a v a i l a b l e , w h i l s t not s t a t i s t i c a l l y s i g n i f i c a n t s t i l l 

i d e n t i f i e s t h i s as an area where research might p r o f i t a b l y be 

cont inued. The author , i n c o n j u n c t i o n w i t h the approval o f h i s 

i n s t i t u t i o n o f employment have appointed a research a s s i s t a n t 

s p e c i f i c a l l y mandated t o develop the TARGET p r o j e c t over the 

1977 - 1980 p e r i o d , w i t h p a r t i c u l a r a t t e n t i o n being d i r e c t e d 

towards t h i s a t t i t u d i n a l ques t i on . The author w i l l be 

d i r e c t i n g some of h i s a t t e n t i o n towards an i n v e s t i g a t i o n of the 

a p p l i c a b i l i t y of the r e s u l t s conta ined t h e r e i n t o the secondary 

school system and across d i s c i p l i n e boundaries* 

10.5. I t would be t r u e t o r e p o r t t h a t the t h e s i s con ta ins 

i n t e r p r e t a t i o n s o f the data which r a i s e many a d d i t i o n a l 

quest ions, many of which m e r i t ex tens i ve f u r t h e r research th ree 

of which are being a c t u a l l y pursued by research e f f o r t on the 

p a r t o f the author and o the rs , namely: 

i ) The a t t i t u d i n a l ques t ion o f paragraph (10.^.2.) 

i i ) The a p p l i c a b i l i t y o f conc lus ions t o secondary schools 

(10.^.^.) 

i i i ) The methodological development (10.5.) 

The ' o f f - s p i n ' b e n e f i t of the research has a l ready been 

i d e n t i f i e d as centred on the methodology. At the t ime of 

w r i t i n g , the basic methodology, developed t o make exp l . ' c i t 
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pedagogic s t y l e s , i s being used o p e r a t i o n a l l y w i t h i n the TARGET 

p r o j e c t , of which the author was a d i r e c t o r , and f o r which a 

research a s s i s t a n t has been appointed, and a research grant 

sought. 

An i d e n t i c a l methodology embel l ished w i t h new videotapes o f 

managers and salesmen has been s u c c e s s f u l l y used by a company of 

management consu l t an t s w i t h c l i e n t s i n c l u d i n g a major European 

Motor Manufacturer. 

The o p e r a t i o n a l uses o f t he methodology as descr ibed e a r l i e r i n 

t h i s paragraph accepts the inhe ren t weaknesses w h i l s t researc l i 

i s being conducted by the author i n c o n j u n c t i o n w i t h computer 

programming exper ts t o overcome these d i f f i c u l t i e s (as discussed 

i n e a r l i e r c h a p t e r s ) . Th is a c t i v i t y has r e s u l t e d i n the 

development o f a programme which, i f found t o be s a t i s f a c t o r y 

a f t e r p i l o t i n g , w i l l enable the a n a l y s i s used i n t he research t o 

be conducted w i t hou t many of the concerns expressed i n the 

d iscuss ion chapter dea l i ng w i t h - t h e g r i d a n a l y s i s . 

10.6. I n concluding t h i s t h e s i s the author i s p a i n f u l l y aware o f 

how l i t t l e progress has been made i n t o an extremely complex 

area, more quest ions have been i d e n t i f i e d as worthy o f 

i n v e s t i g a t i o n than have been answered and the author i s f o r ced 

t o conclude t h i s t h e s i s by saying t h a t f a r f rom f i n i s h i n g a 

research p r o j e c t he f i n d s h imse l f s tand ing on the t h r e s h o l d o f 

an e x c i t i n g and r e l a t i v e l y unexplored area. 
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Appendix 1 considers a d e t a i l e d rev iew o f e x i s t i n g i n v e n t o r i e s . 

An e f f e c t i v e a t t i t u d e i nven to ry should e x h i b i t some fundamental 

c h a r a c t e r i s t i c s . F i r s t l y , i t should r e f l e c t some u n d e r l y i n g 

t h e o r e t i c a l c o n s t r u c t . Secondly, where d i s t i n c t v a r i a b l e s can be 

i d e n t i f i e d from amongst i t s elements, these must be kept d i s t i n c t 

from one another and not added t o g e t h e r , (nor indeed operated upon 

by some other unacceptable p rocess) , t o produce some meaningless 

t o t a l score, and t h i r d l y , i f i t i s used as an ins t rument t o 

measure outcomes from a * process* upon which some * t rea tment ' has 

been a p p l i e d , then the re must be some d e f e n s i b l e connect ion w i t h 

the t reatment being s tud ied and the ins t rumen t . An i n v e s t i g a t i o n 

o f t he psycho log i ca l and educa t i ona l l i t e r a t u r e on a t t i t u d e s over 

a per iod i n excess o f h a l f a century r evea l s ins t ruments which, 

a l though designed w i t h the o b j e c t i v e o f measuring an a t t i t u d e , 

appear t o e x h i b i t some*weaknesses. The m a j o r i t y o f these de fec t s 

r e s u l t from a f a i l u r e t o ensure t h a t t he a t t i t u d e cca le does no t 

e x h i b i t any of the types of d e f e c t descr ibed e a r l i e r . 

A lack o f a p p r e c i a t i o n o f what measurement means can l ead t o 

these de fec t s . An example f o l l o w s t o i l l u s t r a t e how some 

t h e o r e t i c a l de fec ts might a r i s e . Suppose one wishes t o measure 

the p h y s i c a l p roper ty o f some o b j e c t , a b o t t l e o f wine, f o r 

example. We assign numbers t o some a t t r i b u t e o f t he o b j e c t i n 

accordance w i t h some set of r u l e s . S t r i c t l y speaking we do not 

measure the b o t t l e o f wine, we measure some w e l l de f i ned and 

concep tua l l y c l e a r aspect of i t . V/e may, f o r example, measure 

i t s mass, i t s volume and i t s o p a c i t y . I f a researcher 
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hypothesises t h a t the r a t e of increase i n blood a l c o h o l content i s 

r e l a t e d t o the o p a c i t y o f the wine, the onus i s on him t o s p e c i f y 

e x a c t l y what he means by these terms and how he proposes t o go 

about measuring them. The numbers t h a t have been recorded, 

corresponding t o the measurements o f mass, volume and o p a c i t y may 

be operated upon i n a v a r i e t y o f ways. The outcomes of such 

operat ions may be u s e f u l or useless and meaningful or meaningless. 

C l e a r l y , i t i s not poss ib le f o r a measurement t o be both 

meaningless and u s e f u l , but the o ther combinat ions are p o s s i b l e . 

One can^ f o r i ns tance , d i v i d e the mass o f the wine by i t s volume 

t o compute i t s d e n s i t y , a meaningful and u s e f u l value f o r both the 

winemaker and the consumer i n t e r e s t e d i n having a means of knowing 

the a l c o h o l con ten t . (The s p e c i f i c g r a v i t y can e a s i l y be found 

from the data a v a i l a b l e and t h i s i n t u r n i s r e l a t e d t o a l c o h o l 

c o n t e n t ) . Consider now the number obta ined by adding toge ther 

the opac i t y and the volume. Such an o p e r a t i o n y i e l d s a b s o l u t e l y 

no i n f o r m a t i o n , the number i s u n i n t e r p r e t a b l e , mcanii-^gless and 

useless! To conclude the example a meaningful but useless 

concept needs t o be i d e n t i f i e d . Such a concept i s MV (Mass x 

Volume), which w i l l generate a number which w i l l become l a r g e r as 

the q u a n t i t y o f wine increases. I t can be represented g r a p h i c a l l y , 

and i s c l e a r l y meaningful but as i t has no p r a c t i c a l a p p l i c a t i o n or 

value i t i s t h e r e f o r e use less. To r e t u r n t o a t t i t u d e measuron'ier.r 

the warning po in ted up by the example i s t o avo id combining 

toge ther d i f f e r e n t measurements unless t h e r e i s a compel l ing 

t h e o r e t i c a l or p r a c t i c a l reason f o r doing so. 
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An ins t rument developed by Harr ison (1971) e x e m p l i f i e s a k i n d of 

de fec t which could be descr ibed as a l ack o f t h e o r e t i c a l c o n s t r u c t . 

The inst rument sought t o assess the a t t i t u d e s o f stut.i:^j.l-s, i n a 

c o l l e g e o f technology, t o t h e i r course. As w i t h t he vtaz'^ of Genn 

(1970), i t i s c l e a r l y poss ib le t o i d e n t i f y and d e f i n e t h e o r e t i c a l 

cons t ruc t s such as ' s a t i s f a c t i o n w i t h course' and develop s u i t a b l e 

measuring inst ruments f o r such c o n s t r u c t s . H a r r i s o n , however, 

omi t ted t o do t h i s . Consider some examples o f h i s elements: 

(a) ' T r a v e l l i n g t o t h i s c o l l e g e i s a d i f f i c u l t business. ' 

(b) 'No fees should be charged f o r my course here. ' 

( c ) 'My l e c t u r e r s t e l l me what t o l e a r n and no inc; -̂  than t h a t . ' 

D3es agreement w i t h (a) r e f l e c t s a t i s f a c t i o n ( I t ' s hard t o get 

t h e r e , bu t worth the e f f o r t ) or d i s s a t i s f a c t i o n ? Does agreement 

w i t h (b) r e f l e c t a t t i t u d e s t o c o l l e g e , or the respondent's economic 

cond i t i on? Does agreement w i t h ( c ) r e f l e c t s a t i s f a c t j c n (I 'm a 

dependent type and I l i k e t o be t o l d what t o do) or d i s s a t i s f a c t i o n 

( t he course i s f a r too narrow)? The items quoted are not i s o l a t e d 

examples and many others could be c i t e d . 

I f the user o f Harr ison 's ins t rument t a b u l a t e d and i n t e r c o r r e l a t e d 

the scores, as might be done by o p i n i o n survey agencies, the items 

may be considered a p p r o p r i a t e , but as soon as i tem scores are summed 

the absence of any t h e o r e t i c a l r a t i o n a l e renders a t t i t u d e sca le 

theory e n t i r e l y i n a p p l i c a b l e and s t a t i s t i c a l techniques (e.g. s p l i t 

h a l f r e l i a b i l i t y t e s t i n g ) complete ly i r r e l e v a n t . 
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I t i s poss ib le t o quest ion the i nven to r y o f Shah (196. r h i s 

' A t t i t u d e t o Science Course a t T r a i n i n g Col lege. ' As • Ha r r i son , 

Shah does not base h i s elements on a s i n g l e c o n s t r u c t . * both 

cases (Har r i son and Shah) a h igh score would i n d i c a t e a good match 

between the respondents' op in ions and the scale c o n s t r u c t o r s ' model 

of what c o n s t i t u t e s a 'good' a t t i t u d e . By the same token , a low 

score would i n d i c a t e a mismatch o f pe rcep t ion between t h e sca le 

c o n s t r u c t o r and the respondent, bu t an i n t e r m e d i a t e score would be 

meaningless and useless. These t e s t designers should no t have 

app l i ed summated r a t i n g techniques, indeed any t e s t / i n v e n t o r y 

designer should ensure t h a t a l l the elements do have something i n 

common before the responses t o separate i tems may be added together 

t o produce a meaningful t o t a l score. 

Defects associated w i t h the con fus ion o f v a r i a b l e s are l e s s 

elementary than de fec ts assoc ia ted w i t h summated r a t i n g techniques. 

A review o f the scales pub l ished revea ls t h a t g e n e r a l l y some 

attempt i s made t o ensure the i tems possess something i n common. 

Consider the scale cons t ruc ted by Selmes (1971) and used by Wilmut 

(1971 and 1973). Some o f the sca le i tems are : 

(a) 'The c o l d d i spass iona te s c i e n t i s t i s a m y t h i c a l animal . ' 

(b) 'Science i s a f i x e d and c l e a r l y de f ined body o f 

knowledge.• 

( c ) 'There i s no such t h i n g as unpre jud iced obse rva t i on ; 

every ac t o f observa t ion we make i s b iased. ' 

(d ) 'Science i s b o r i n g . ' 

The scale purpor ts t o measure ' a t t i t u d e towards science and 

s c i e n t i s t s . ' This assumes t h a t the a t t i t u d e i s a s i n g l e , 

un id imensional t r a i t . I t can be argued t h a t t h i s assumption i s 
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unwarranted and f a l s e , and t h a t t he s i n g l e t o t a l scors- y i e l d e d by 

the sca le represents a confused mix tu re o f separate v a r i a b l e s . 

Wilmut (1971) l i s t s twenty components o f s c i e n t i f i c a t t i t u d e s 

i d e n t i f i e d by Dieder ich (1967); s c e p t i c i s m , f a i t h i n a b i l i t y t o 

solve problems, des i re f o r exper imenta l v e r i f i c a t i o n , p r e c i s i o n , 

h u m i l i t y , avers ion t o s u p e r s t i t i o n , and so on. Such a l i s t merely 

serves t o i d e n t i f y a t t r i b u t e s t h a t s c i e n t i s t s have, or are presumed 

t o have. They are apparent ly d i s t i n c t a t t r i b u t e s ( j u s t as mass, 

volume and opac i t y are d i s t i n c t a t t r i b u t e s o f b o t t l e s o f w ine ) . 

They are not necessa r i l y un re l a ted a t t r i b u t e s ; people's s c e p t i c i s m , 

f o r example, might be c o r r e l a t e d w i t h t h e i r avers ion t o s u p e r s t i t i o n , 

( j u s t as b o t t l e s of wine o f l a r g e volume tend t o be heav ier than 

those o f l ess volume).. 

However, many of the a t t r i b u t e s l i s t e d are l i k e l y t o be 

p s y c h o l o g i c a l l y d i s t i n c t ; h u m i l i t y and d e s i r e f o r exper imenta l 

v e r i f i c a t i o n f o r example, are probably u n r e l a t e d . I f t h i s 

argument i s accepted, then i t i s unwise t o assume t h a t thei'e i s a 

s i n g l e , un id imensional t r a i t c a l l e d 'the s c i e n t i f i c a t t i t u d e ' 

which can somehow be measured by adding up scep t i c i sm p lus f a i t h 

p lus p r e c i s i o n p lus h u m i l i t y . This i s , however, t he argument t h a t 

V/ilmut uses. Fo l lowing h i s p r e s e n t a t i o n o f D ieder ich*s l i s t , he 

a s s e r t s : 'Thus a scale which seeks t o determine t he a t t i t u d e s o f 

s i x t h form students towards science and s c i e n t i s t s would need t o 

con ta i n i tems which are r e l e v a n t t o each o f these a t t r i b u t e s . ' 

(Wilmut, 1971). 
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Wilmut develops a scale based not on Dieder ich 's l i s t but on an 

amalgam of a sho r te r l i s t o f a t t i t u d e s i d e n t i f i e d by Aiken and 

Aiken (1969), i n t h e i r review o f the l i t e r a t u r e on a t t i t u d e t o 

sc ience, and a scale a l ready devised by Selmes (1971). Th is sca le 

con ta ins i tems o f f o u r types: 

(a) i tems which r e f e r t o s c i e n t i s t s and t h e i r work; . 

(b) i tems which r e f e r t o science i n genera l terms; 

( c ) items which s t a t e d an o p i n i o n about science as a method 

of i n v e s t i g a t i o n ; 

(d) i tems which are e i t h e r emotive i n form or thought t o have 

a l a t e n t r e l a t i o n s h i p w i t h o ther i tems. 

The f i r s t t h ree types o f i tems correspond to the ca tego r i es i n Aiken 

and Aiken's review namely: (a) a t t i t u d e s towards s c i e n t i s t s , 

(b) a t t i t u d e s towards science and ( c ) understanding of t he 

s c i e n t i f i c method. The t h e o r e t i c a l c o n s t r u c t unde r l y i ng the f o u r t h 

i s more d i f f i c u l t t o d i sce rn J 

The f e a t u r e o f both Seimes' and V/ilmuts' Scale which makes them 

unacceptable t o the author i s t h a t a l l t he i tems are t r e a t e d as i f 

they were c o n t r i b u t i n g t o a un id imens iona l t r a i t , i . e . a student 's 

a t t i t u d e t o science and s c i e n t i s t s * i s t he sum of h i s responses t o 

a l l t he items i n the ins t rument . Once again the same argument i s 

used, namely t h a t the way t o measure cr* a t t i t u d e i s t o i d e n t i f y 

a t t r i b u t e s and then add them a l l t o g e t h e r . The i m p l i c i t assumption 

i s t h a t a t t i t u d e s t o science, a t t i t u d e s t o s c i e n t i s t s and under­

s tanding s c i e n t i f i c method are a l l j u s t aspects o f a s i n g l e 

v a r i a b l e . This i s o f course s imply not the case. 
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There are some s t r a t e g i e s which could be adopted t o minimize the 

r i s k of de fec ts o f t h i s k i n d . For i ns tance the data would be more 

v a l i d i f a t the o r i g i n a l q u e s t i o n n a i r e design stage Thurstone type 

scales are used. I n t h i s techn ique, judges are presented w i t h a 

s i n g l e sca le d e s c r i p t i o n , toge ther w i t h a l l the items supposedly 

belonging on t h a t sca le . Thurstone type procedures are then 

app l i ed (even though the sca les might u l t i m a t e l y be scored using 

L i k e r t type procedures). The judges r a t e each i t e m , o f t e n on an 

11 p o i n t sca le , on a continuum runn ing from an extremely favourab le 

a t t i t u d e t o an extremely unfavourable a t t i t u d e . (The r a t i n g r e f e r s 

t o the s t r e n g t h o f the a t t i t u d e expressed by the i t em, and not the 

judges' personal o p i n i o n s ) . V/hen t h i s procedure i s c a r r i e d o u t , 

ambiguous or i r r e l e v a n t i tems tend t o be g iven e i t h e r a wide range 

o f r a t i n g s or a f a i r l y n e u t r a l median r a t i n g . Such i tems can be 

e l i m i n a t e d . The same procedure i s then used f o r each o f the o ther 

sca les . Items which survive can then be randomly assor ted w i t h i n 

a s i n g l e ins t rument ; the separate sca les are o f course scored 

sepa ra te l y . Gardner (1972) has used t h i s technique i n 

c o n s t r u c t i n g scales measuring va r i ous aspects of a t t i t u d e s t o 

phys ics . Both the s o r t i n g procedure and the r a t i n g procedure 

r e q u i r e an e x p l i c i t statement o f the u n d e r l y i n g c o n s t r u c t t h a t i s 

being measured. A t e s t o f conceptual c l a r i t y i s the i n v e n t o r y 

designer 's a b i l i t y t o communiate h i s c o n s t r u c t s t o h i s panel of 

judges, and h i s a b i l i t y t o w r i t e i tems which r e f l e c t those c o n s t r u c t s 

Should he f a i l i n t h i s task the r e s u l t i n g range o f 'scores' assigned 

t o each element by the panel o f judges i n d i c a t e s the u n s a t i s f a c t o r y 

nature o f the ins t rument . 
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A second s t r a t e g y might be t o use f a c t o r a n a l y s i s which can then 

prov ide a f u r t h e r bas is f o r a l l o c a t i n g i tems to sca les , f o r 

v e r i f y i n g the uniqueness o f the v a r i o u s c o n s t r u c t s , o r f o r reduc ing 

the number o f scales when some of them are shown t o be redundant. 

I f e m p i r i c a l evidence were a v a i l a b l e t o show t h a t a t t i t u d e s t o 

science, a t t i t u d e s t o s c i e n t i s t s and understanding are a l l s t r o n g l y 

i n t e r c o r r e l a t e d , then a d d i t i o n t o form a s i n g l e un id imens iona l sca le 

would be j u s t i f i e d . I n the absence of such evidence, t he v a r i a b l e s 

should be measured separa te ly and not added toge the r . Two s t rands 

o f evidence are a v a i l a b l e which suggest t h a t these v a r i a b l e s are not 

s t r o n g l y i n t e r c o r r e l a t e d , thus suppor t i ng the c o n t e n t i o n t h a t they 

should be kept a p a r t . The f i r s t s t r and i s der i ved from the work o f 

Jackson (1963)"who has reviewed the l i t e r a t u r e on the r e l a t i o n s h i p 

between the achievement of elementary school p u p i l s and t h e i r 

a t t i t u d e s t o schoo l . 'Commonsense' might suggest t h a t achievement 

ought t o be c o r r e l a t e d w i t h a t t i t u d e . S u r p r i s i n g l y , t he 

c o r r e l a t i o n s u s u a l l y t u r n out t o be e x c e p t i o n a l l y low. Thus 

Wilmut*s assumption t h a t poor understanding might be expected t o 

lead t o emo t i ona l l y unfavourable a t t i t u d e s i s ques t ionab le . 

The second s t rand o f evidence comes from an i n v e s t i g a t i o n 

(Gardner, 1972) i n which A u s t r a l i a n h igh school physics students 

were measured on f o u r a t t i t u d e v a r i a b l e s ; a t t i t u d e towards 

d iscovery l e a r n i n g , a t t i t u d e s towards the openness of physics 

(Whether the s tudent saw phys ics as f l e x i b l e and dynamic, o r s t a t i c 

and unchanging), a t t i t u d e towards s c i e n t i s t s ( e c c e n t r i c or normal) 

and enjoyment o f physics* Each o f these i tems' a t t i t u d e was 
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measured, by a separate t en - i t em L i k e r t type sca le ; the items were 

randomly assor ted w i t h i n the ^0 i t em ins t rument * The co r rec ted 

s p l i t - h a l f r e l i a b i l i t y c o e f f i c i e n t s f o r t he f o u r scales l a y i n the 

range .75 t o .89; the s i x i n t e r c o r r e l a t i o n s between the scales l a y 

between and .35. Thus, w h i l e t he v a r i o u s a t t i t u d e s were 

c o r r e l a t e d w i t h one another (e.g. p u p i l s who enjoy physics tend t o 

regard s c i e n t i s t s as more normal) , the f a c t t h a t the i n t e r c o r ­

r e l a t i o n s are very much smal ler than the r e l i a b i l i t i e s i n d i c a t e s 

t h a t the v a r i a b l e s are q u i t e d i s t i n c t . Factor a n a l y s i s o f the i tem 

responses prov ides f u r t h e r evidence o f the uniqueness of the f o u r 

sca les . Here, then, i s c l e a r evidence t h a t a t t i t u d e s towards 

s c i e n t i s t s and a t t i t u d e s towards the study o f a s c i e n t i f i c sub jec t 

are not the same t h i n g . 

The Selmes sca le i s not the on ly one t o at tempt such a r e d u c t i o n . 

For example, i n an inst rument e n t i t l e d A t t i t u d e Toward Science 

(Shah, 1962), some of the i tems r e f l e c t i n t e r e s t i n science ( ' I l i k e 

science as a hobby') w h i l e o thers r e f l e c t t he respondent's 

a t t i t u d e s t o the s i g n i f i c a n c e o f science i n s o c i e t y ( * I f e e l t h a t 

science has grown up w i t h the pr imary purpose o f se rv i ng humani ty*) . 

The research evidence shows t h a t these are d i s t i n c t v a r i a b l e s which 

ought t o be measured separa te l y and not mixed toge ther i n t o a s i n g l e 

score. La ter research using other sca les ( N u t t a l l , 1971; Ormerod, 

1971 and 1973) shows t h a t these v a r i a b l e s a re c o r r e l a t e d , but are 

c e r t a i n l y not i d e n t i c a l . 

A f u r t h e r example i s . p r o v i d e d by the work o f Gaster (1972), who 

conducted an i n v e s t i g a t i o n o f s i x t h - f o r m sc ience, mathematics and 
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technology courses and admin is tered a number o f i n v e n t o r i e s , 

i n c l u d i n g a Science M o t i v a t i o n sca l e . The sca le cons is ted o f 

th ree d i s t i n c t s e c t i o n s . The f i r s t s e c t i o n presented a l i s t o f 

26 occupations o f which l ^ t were a p p l i e d s c i e n t i f i c / t e c h n i c a l ; 

respondents were asked t o t i c k a l l t h a t they f e l t would be 

i n t e r e s t i n g . The second s e c t i o n cons i s ted of 12 m u l t i p l e - c h o i c e 

c o g n i t i v e i tems r e q u i r i n g s tudents t o demonstrate understanding o f 

aspects of science i n d a i l y l i f e , e.g. MYhich c o n t r i b u t e s most o f 

the e f f i c i e n c y o f a thermos f l a s k ? Glass/s i lver ing/vacuum.* 

The t h i r d s e c t i o n (hobbies and i n f l u e n c e s ) conta ined e i g h t 

assorted items asking about the respondent's i n t e r e s t s , h i s f a t h e r ' s 

occupat ion and other mat te rs . Scor ing procedures were not 

e x p l i c i t l y descr ibed, but apparen t l y the s i n g l e Science M o t i v a t i o n 

score was obtained by adding the number of s c i e n t i f i c occupat ions 

t i c k e d , the number o f " c o r r e c t " c o g n i t i v e i tems and the number o f 

science-based responses i n the 'hobbies and i n f l u e n c e s ' s e c t i o n . 

The r a t i o n a l e f o r such a procedure i s unc lea r . The researcher was 

i n t e r e s t e d i n measuring c r e a t i v i t y as a c r i t e r i o n v a r i a b l e ; the 

Science M o t i v a t i o n sca le , i t i s c la imed, measures 'dominant 

m o t i v a t i o n f a c t o r s which might have i n f l u e n c e d the s u b j e c t s ' 

performance i n the c r e a t i v i t y aspect o f the b a t t e r y . ' Simply 

combining c o g n i t i v e and a f f e c t i v e i tems and assuming t h a t t h i s 

combination measures m o t i v a t i o n represents dubious psychometric 

technique. 

A f i n a l i l l u s t r a t i o n here i s prov ided by the work o f B o l l e n (1972) 

who devised an inst rument t o measure teachers ' a t t i t u d e s t o the 

'phi losophy' o f the N u f f i e l d pr imary "science course. I n many 

32̂ f 



respects t h i s i s a good sca le ; the i tems are w e l l v / r i t t e n and the re 

has been a c l e a r a t tempt t o r e l a t e t h e i r content t o an e x p l i c i t 

r a t i o n a l e . 

The r a t i o n a l e c o n s i s t s o f a number o f value judgements he ld by 

developers o f the N u f f i e l d course. The key phrases i n these value 

judgements are: 

(a) The teacher does not need t o be a sub jec t s p e c i a l i s t . 

(b) He should not f o l l o w a se t s y l l a b u s . 

( c ) The c h i l d r e n should be al lowed t o work i n groups. 

(d) I n v e s t i g a t i o n should be by p r a c t i c a l means wherever 

p o s s i b l e . 

(e) The o b j e c t .... should be t o promote an a t t i t u d e t o open 

ended enqu i r y . 

( f ) The teacher should have f a i t h ( i n the approach). 

This c o l l e c t i o n forms a 'phi losophy, ' but i t does not r e f l e c t a 

s i n g l e t h e o r e t i c a l c o n s t r u c t . There are a t l e a s t two dimensions 

under l y ing t h i s c o l l e c t i o n ; b e l i e f i n ch i l d - cen t redness , and b e l i e f 

i n sub jec t spec ia l i sm . Statements (b) t o (e) cou ld probably a l l be 

regarded as aspects o f the c h i l d - c e n t r e d vs. t he teacher-dominated 

dimension. However, the f i r s t value judgement r e f l e c t e d i n the i tem 

'A teacher must have a good s c i e n t i f i c background' h a r d l y belongs on 

the same dimension. A teacher w i t h a good N u f f i e l d a t t i t u d e i s 

supposed t o disagree w i t h the i t em. Yet i t seems p e r f e c t l y 

r a t i o n a l f o r a teacher t o b e l i e v e i n a c h i l d - c e n t r e d sc ience 

cu r r i cu l um and s t i l l b e l i e v e t h a t a good science background i s 

h e l p f u l f o r teach ing i t . I n other words, i t i s p o s s i b l e t o b e l i e v e 

t h a t sub jec t s p e c i a l i s t s make b e t t e r teachers , or t h a t c h i l d cent red 
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