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ABSTRACT

The need for a greater understanding of the teaching-learning
process in higher education is clearly evident from the rapid
increase in research activity in this area over the last decade.
Economic and political pressure often defines the rationale for
such research in terms cf increased efficiency; it is the author's
contention that such an outcome might still résult even if the
emphasis is shifted towards effectiveness. Indeed it is the body
of academics who are concerned with staff development that have
redefined the problem in these terms. Much research has
concentrated on the outcomes of the teaching-learning process in
order to try and measure teaching effectiveness. Whilst it cannot
be denied that these researchers have recorded some interesting
observétions, the author has shown that this perspective on the

problem presents a less than complete picture.

In the work reported in this thesis an adaptation of a Repertory
CGrid methodology based on the principles of Personal Construct
Psychology was used primarily to examine in detail the ways in
which different teachers and students perceive the roles of them-
selves and others in the teaching-learning process ~nd to explore
their perspectives on the range of pedagogic styles commonly

utilized by the educators.

The author has been able to demonstrate that groups of students and
teachers who share common attitudes towards the discipline of
physics are more likely to demand a common pedagogic style in order
to facilitate cffective, and therefore efficient learning. The
development of an attitude scale enabled these groups of common
attitude to be identified on four attitudinal components, ranw.isz
from exam orientation to pleasure from physics. The auth.r
investigates a number of hypotheses relating attitude and pedagogic
style. The conclusions drawn from the data enable the author to
make ccmment on the velidity of a number of commonly held
misconceptions within the arena of physics teaching in higher

education.






1.1. Doctoral Theses can originate, it seems, in two rather
different ways. One increasingly-common method is for the
researcher to subject some already-established body of
literature to an "in-depth" scrutiny, with a view to identi-
fying questions and issues which look as if they ought to be
exémined more closely. Typically, the aim of such an exercise
is to uncover possible paradoxes and anomalies, hidden
assumptions, suspect methodologies, doubtful looking chains of
reasoning, counter-intuitive assertions, alternative explan-
ations, seemingly-suspect findings, and so on. The ensuing
thesis work then consists in attempting to resolQe or (at the
very least) illuminate some of the queries that the literature
search managed to reveal. The point to be noted about research
of this kind is that it is a body of literature - or, more

preciscly, the deficiencies in such literature - that is the

main source of inspiration for whatever hypotheses are tested.
In other words, the hypotheses that get tested are a reaction to
the literature, rather than a reaction to problems that present
themseives in the real world.

1.2. The work reported in this thesis did not originate in this way.
The originating ideas did not come from some already-existing
cody of literature, Rather, they were the outcome of several
years of personal reflection on the problems of teaching ﬁnder-

graduate level physics in the FE/HE area.

1.3. To the conscientjous teacher, teaching poses a wide range of

difficult and challenging problems. This seems to be



particularly true of teaching which is aimed at first yeér
ﬁndergraduates - because it is during the first year that
student attitudes (toward the subject matter being taught) are
likely to "harden." To make matters ﬁorse, there are certain
subjects - and physics (like mathematics) is generélly agreed
to be one of these - that seem, for reasons which are by no
means well understood, to be "extra difficult” to teach
effectively, The teaching of physics to first year under-
graduates is,therefore,a doubly hazardous Qenture. It is
hazardous by virtue of the students being in their first (and
probably most impressionable) year, and it is hazérdous by
virtue of certain special difficulties that seem to inhere in
the very nature of the subject matter. However conscientious
and well intentioned the teacher might be, it is éltogether too
easy for students to be "turned off" - even to the point of
dropping out - by what they (i.e. the students themselves)

regard as bad teaching.

1.4.‘ This, then, was the problem that first presented itself to the.
present writer back in 1971 - shortly after he had been
appointed, as a qualified physics teacher, to teach physics to
first year students in a College of Further Education. The
problem, in its most>genera1 form, is that of discerring ways
in which sﬁch teaching might be rendered more effective.

Clearly, this pérticular problem did not emerge from any reading
of the professional literature. Rather, it manifested itself
as a pressing and recurring problem in a real-life teaching

situdtion. As a corollary, it follows that the relevant



literature (i.e. literature relevant to solving the problem)

had to be sought after the problem had appeared.

1.5. There are oniously many possible reactions to the kind of
problem just described. For example, an expert in curriculum
design might seek to redesign the first year physics curricﬁlum.
An expert in human motiQation might look for novel incentives.
An expert in micro-teaching or audio-?isual aids might experi-
ment with different ways of presenting the normal first year
méteriél; An expert in individuaiised teaching might try some
Qariént of, say, the Keller Plan. And so on. Since the
éﬁthor did not at that time consider himself to be an expert in
énything ét éll, He reserved his judgment on what might usefully
be done to facilitate the teaching and learning process.

Instead of looking for some "off the peg" technique to try oﬁt
on the first year students, he embarked on a series of informal
discussions - with the students themselQes, and with other
pHysibs teachers, and with other non-physics teachers of first
yeér stddents; The general aim of these discussions was to get
a feel for how these different kinds of persons "saw" the
problem as a whole.

1.4, These discussions went on, intermittently, for several months.
As they progressed, the present writer became increasingly aware
of the fact that, within each of the three groups of discussants
(students, physics teachers and non-physics teachers) there were
marked differences of attitude: (a) towards physics, per se,

and (b) towérds the ways in which physics might best be taught.



For exémple, some students seemed to view ‘the leérAing of
'physics_as a somewhat burdensome tésk that they had agreed to
go thfough in order to pass an examinétion. Other students
seemed to be wanting to learn the sdbject for its own sake,
Yet others seemed to be primafily interested in the préctical
use that they could later make of physics, in the real world.
And so on; A little reflection sﬁggests thét these "éttitude
to physics" ére roughly synonymoﬁs with "reésons for learning
physics.”" In other words, they séy something éboﬁt the
percgi&ed ggélé_of the learning process. For one stﬁdent, the
goal is é piece of paper stating that he has satisfied the
exéminers. For another, the goél is the sétisféction that
comes from studying a sﬁbject which one reélly enjoys; For yet
énother stﬁdent, the goél is the promise of précticél reél-

world épplicétions of the knowledge being impérted.

1.7. As might be expected, these different wéys of Qiewing the
teéching/leérning process tended to be shéred, to Qérying
extents, by the teachers themsel;es. Thﬁs, some teachers
seemed to be primariiy concerned with pﬁshing théir students
throﬁgh the reqﬁisité exéminétions; Others seemed to be
trying to communicéte their own lo@e énd enthﬁsiésm for the
sﬁbjeut. And others seemed to éttéch speciél imﬁorténce, in
their teéching, to the précticél uses to which physics coﬁld be
put. To the extent that a teacher pursﬁes one generél goal
(e.g; the goél of getting his students throﬁgh the mandatory
examinationsi rather than another, he will ob;ioﬁsly tend to

adopt a PEDAGOGIC STYLE which strikes him as being most




appropriate for the achieving of that goal. Such a style is
then likely to irritate any student who has a strong preference
for a somewhat different goal!

l;B. To judge from the kinds of discussions that the writer
originally held, a failure to share common goals was by no
means the only source of frustration and friction among students
and teachers. It is sometimes glibly suggested that people
learn most from other people who are different from themselves.
This méy be true of some people. But the majority seem more
likely to reject people whom they perceive as being different
from themselves. Conversely, they seem to "warm" towards
people whom they peréeive as being essentially similar - in
values, ideologies, world views, and the like - to themselves.
There is little doubt that students can be quite quick to reject
teachers whom they percecive (perhaps rightly, perhaps wrongly) as
having incompatible values and outlooks. Some teachers are
equally quick to show disapproval of students who do not seem to
share their values and outlooks. The whole problem is
exacerbated by the tuct that teachers and students often seem to
be unaware of the values and outlooks that they tacitly subscribe
to and/or evince. For example, a teacher who pays lip service
Tz thc need to learn physics "for its own sake," might actually
tecach as if his sole objective in life is to get his students
throdgh their examinations. And a teacher who fancies himself
to be clear and incisive might come across to his students as

being woolly and muddled.
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1.9. Considerations of this kind have led in recent years to a
variety of "Aptitude-Teacher-Interaction" experiments, in which
attempts have been made to achieve some sort of match (e.g. of
personalities and/or cognitive styles) between teachers and their
students. However, the discussions which the present writer
held, back in the period 1971 to 1973, persuaded him of the need
to cast the net somewhat wider - and to embark on a general
investigation (with respect to first year undergraduate physics)
of the interaction between PEDAGOGIC STYLES of teaching and
ATTITUDES toward the subject matter. This, in a nutshell, is

what the present thesis is all about.

1.10. Any attempt to explore the complex relationships between
Pedagogic Styles and Attitudes obviously calls for a discussion
of what these words are taken to mean. More will be said about
this shortly. For the moment, it may be sufficient to note
that, irrespective of the way in which these words firally get
defined, there is clearly a need to construct a data-eliciting
procedure which will reliably exteriorise the attitudes in
question, and which will also exteriorise (i.e; make available
for public scrutiny) the ways in which people perceiQe and judge
pedagogic styles. For reasons that will léter be made clear, it
wes occided to use the Repertory Grid Techniqﬁe as the
appropriate exteriorising instrument. The first stage of the
research program was accordingly devoted to the careful
construction and validation of such an instrﬁment. The
instrument was then applied to the three groups of persons which

have already been briefly defined.
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1.11. As subsequent chapters try to show, the repertory grid
technique elicited a rich crop of data about people's
perceptions and assessments of different pedagogic styles, and
about their attitudes to physics, per se, and to the 'goals" of
physics teaehing. As a result of the research it was possible
to classify pedagogic styles and attitudes in promising-locking

"T ways. It was also possible to compare and contrast the some-
what different perceptions of the three groups of subjects
(students, physics teachers and non-physics teachers) studied,
and to explore the ways in which pedagogic styles and attitudes
interact. More precisely, it was also possible to probe the
validity of no less than twelve hypotheses to do with attitudes
and their influence on the perceived effectiveness of different
pedagogic styles. Although the entire project is written up as
if it were a piece of "pure" research, Freqeent attention is
drawn to some possible gfactical implications of the findings.
0f central importance, here, is the author's conjecture that
attitude matching may prove to be more effective than aptitude
or ability matching. In other words, if a teacher has the
choice of matching pupils (in small groups) on the basis of
shared attitudes toward the subject matter being.taught, then
this might prove to be pedagogically superior to-matching them
on the basis of, say, similarity of I.Q. Another wey of
expressing the point would be to say that it is a mistake to
assemble, in a single group, all students possessing a high-I.Q.,
if the resulting high-I.Q. group conteins stedents who have
radically different attitudes towards the sebject matter being

taught. However, this is only one specimen exarmple of the way

13



in which the results of the present research might influence
physics teaching in the future. -~More generally, it is the
author's contention that the criteria used to form student
groups, and the methods of instruction aoncated by teachers of
undergraduate physics, the students' percgptions of their own
needs in terms of pedagogic style, and teachers' perceptions of
their students' needs all require further inQestigation.
F;rthermore the author intends to provide evidence which will
not only permit an investigation of the arcas noted but which
may substantiate the claim that teachers of physics, teachers

of disciplines other than physics and physics students all tend
to use different criteria when assessing a teacher's effective-
ness. It is common practice in most institutions of further or
higher education to use a measure of aptitude or ability to
determine the composition of student learning groﬁps. (The
author expands this argument later, when the concept ov
'perceived academic potential' is infroduced). Furthermore the
academic teacher in Great Britain, unlike his American counter-
part, is not regularly assessed and he is given considerable
autonomy in choosing his preferred pedagogic style, which, it
will generally be agreed, is chosen intuitiQely by the
individual staff member without reference to student feedback or
peer appraisal. Whilst tﬁe emergence of staff developmen:
units (S.C.E.D.S.I.P., 1973) directly concerned with the
improvement of teaching effectivenecss, hés occﬁrred in the early
1970s such units have been preoccupied with the behévicural
assessment of teaching against criterid externélly specified by

their 'experts.' (Proceedings of the 3rd. International

14




Conference on the Improvement of University Teaching 1977).

The author contends that both the methods used for student
group composition and the strategies adopted to assess teéching
efficiency (rather than appraise learning effectiveness) are
less than ideal, generating a need for an investigétion of the

areas noted in section l.11l. above.

1.12. HNo excuse need be, nor indeed is, offered for this initially
negative and critical view, if it is recognised that such
expressions constitute a very subjective set of hypotheses
arising from extensive personal experience, Both as a teacher
of physics in FE/HE and in tﬁe role of one who endeavours to

énalyse and improve the teaching of others.

The opinions expressed represent a starting point, an
orientation for ccastructive criticism, analysis and development
of an alternative system. As Claude Bernard stated in 1865,

A hypothesis is ..... the obligatory starting point of all
experimental reasoning. Without it no investigation would be
possible and one would learn nothing; one could only pile up
barren observations. To experiment without preconceiQed ideas,
is to wander aimlessly." (Bernard, 1865).

1.13.1. The author has already used terms, which have definitions
specific to this research, these require explanation. _
"Pedagogic style." This term is taken to embody all of whét a
teécher 'does' when exercising his teaching function.

Teéching is seen a% one level (roughly, the level of "actions")

15



as a practical activity wherein the teacher spends a lérge
proportion of his time writing on blackboards, marking books,
preparing lessons, arranging classroom equipment, listening to
his students talking, etc. Whilst at a second level
(roﬁéhly, the level of "goals") it may be seen as facilitating
leérning. Many problems of a practical nature deQelop in
teéching, most being associated with the teacher's basic task -
thét of making available certain kinds of knowledge and
enabling the student to relate the un-commonsense knowledge of
the subject to the commonsense knowledge already internalised
within his cognitive structure. This aspect of teaching
emphasises thé teacher as a practitioner. Additionally, the
teacher is an exponent of applied knowledge working within
professional traditions. Whilst this two part model of
.teaching could be criticised for its over'simplification, it
does provide a fraosework upon which the research may be based.
The autonomy of teackers in Great Britain has meant that each

" individual can evolve his own particular set of skills and
techniques which he uses as he considers appropriate in order to
facilitate learning in his students. The author uses the term
‘pedégogic style' as a means of specifying a complex set of
techniques, behaviours or understandings which characterise one
individual's teaching role i~ & spccified setting. Thus, a
'‘pedagogic style' is both a description of how teacher 'A'
ménages a given learning situation and additionally, how a
hypothetical teacher, 'B', might manage the same learning

situation.

16




1.13;2; "Perceived academic potential."  Students of physics are
freqﬁently grouped by ‘ability' (based on a preQious year's
performance) before they are exposed to new learning situations.
Logically, if they are to learn neﬁ material, they cannot be
classified according to their real ability to learn in the new
setting as this cannot be evaluated until the learning
experience is over! Thus, their performance on a test of past
learning experiences is used to prediét their performance in the
new setting. It is postulated, therefore, that any test of
previous learning can only provide a measure of "perceived
academic potential"” for performance in a new setting. The
aﬁthor explains the concept of "perceived academic potential'

further in a joint paper with Reid (keen & Reid, 1977).

1.13.3. Effective teaching. Educators regularly debate the merits

of eQaluating effective teaching. In this research, the
author has chosen to simplify the problem by consciously
" avoiding the temptation to quantify effectiveness, which would,
of necessity, have meant using some form of teacher appraisal
system (e.g. IDEA, Biles 1975). Such systems, and there are
mény described in the literature, are, without exception,
behaQiourly based. Thus the teachers performance is compared
with some set of supposedly goud atiributes of teaching, usuaily
teacher behaviours. (Such as ‘'adequate use of questioning,'
'Qses set induction,' etc.). The author determined from the
beginning of the research to avoid the imposition of criteria of
teffectiveness' specified by some external 'expert.' Instead

of qﬁantifying effective teaching the author chose to 'qualify'

17



the term by placing eéch and eQery sdbject who proQided déta in
the position of a personal 'expert' who knows whét he perceiQes
és effective teaching. A methodology was deQeloped which
enabled these individual perceptions of effective teaching to be
made explicit to the external observer, Thus, the term
‘effective teaching',as used by the author,accepts the semantic
differentiation from 'Efficient teaching' which was considered
at length by Sayer (Sayer, 1977) and others, and defines a
pedagogic profile (see paragraph 1.13.1.), perceiQed by either
én individual respondent or a group of respondents, which he or
they believe promotes maximum learning in the student groups

exposed to that pedagogic profile.

1.14. An investigation which purports to question the arecas
identifiedldemaﬁds a methodology which can measﬁre attitude
towards certain prespecified aspects of physics .and which can
make explicit pedagogic styles perceiQed as representing

effective teaching by respondents.

The first methodological problem, namely attitude measﬁrement,
may be resolQed by a review of existing measures of attitude.

A detailed discussion relating to such a reQiew together with
the rationale for the deQelopment of a new attitude scale it
undertaken later, for the purposes of this introduction it is
sufficient to state that a new inventory was seen to be reqﬁired
and was, in consequence, developed. The second methodological
problem, that of specifying pedagogic style, presented é réther

more serioﬁs hurdle. HaQing chosen to define 'peddgogic style!

18



as indicated it became necessary to explore the possibilities

of a multi-dimensional "profile" which could be seen to cerr

éll the recurrent criteria seen as important by the respondent.
Many behaviourist style techniques are available for such
profile formulation but all suffer from the serious drawback of
specifying supposedly important criteria from some external
‘expert' source. Two techniques existed, howeQer, which were
not behaQiourally oriented, these were Kelly's repertory grid
technique and Osgood's Semantic Differential. For reasons
specified in later chapters the repgrid technique was adopted
and subsequently developed by the author in a unique way
relative to previous attempts to use cognitiQist techniques for

the prodﬁcticn of 'pedagogic style' profiles.

1.15, Early in the deQelopmental stages of the research the author
became aware of the< magnitude of the task he had undertaken.
A clear need to specify the scope of the study was eQident,

" the nature of the rcsearch problem being seen by the author as
qﬁite different in each sector of education. The techniques
édopted, and the findings described, cannot necessarily be
transferred from FE/HE to secondary or secondary to priméry
edﬁcation. . Therefore, a decision had to be taken with regérd
to the sector of education whicii was to form the bésis of the
reseérch. A Qariety of factors contributed to the decision
made to restrict the study to FE/HE. The major factors
inclﬁded the experience of the researcher which was méinly in
thét sector, the relative case of access to a representéti?e

sample of responderts and, not insignificantly, the demand

19




being made by physics faculty staff and stﬁdents to inQestigéte

physics teéching generélly;

The FE/HE restriction limits the research,only in so far és is
necessary,in order to complete the project within the limits

imposed by time and resources.

1;16; HéQing crudely specified the areas of interest, considered
the methodological requirements and determined the scope of the
stﬁdy the author was able to embark on a review of the
literature and specify the particular hypotheses which the

research data would support or refute,

The reseach was conducted by adopting, what some writers
describe as a phenomenonological approach. (To these writers,
an approach is phcr:omenological if it calls for an exteriori-
sation or verbal repsrting of one's current subjectiQe

' experiences). In its extreme form a phenomznonological
approach demands that a researcher becomes one of the subjects
in his field of study and conducts the research from 'within.'
The author had experienced being a member of each of three
cétegories of respondents, and the specification of the
hypotheses was made from his position of former experience.
This, together with the intent to pléce the onus for ‘'expert!'

opinion on the respondent justified the phenomenological label.

Ne strong prescriptive comments can be necessarily made from the

conclusions, but thz raising of perceptional awareness of the

20



problems, of pedagogic relevance, together with an objective
comment on one static picture of physics teaching, may lead to
the identification of useful areas of subsequent research

specificélly designed to be of a prescriptive nature.

21







2;1. People (like the present aﬁthorj who héQe géined their
initial qualifications in the "hard" physicél sciences, tend to
téke it for granted that reseérchers shoﬁld élways giQe (or be
capéble of gi@ing) precise definitions of the key terms that
they ﬁse. It therefore comes as something of a surprise to
disco@er that researchers in the "soft" human and social

-~ sciences are so often casual about the terminology that they

deploy; For example, if one exémines ény hélf—dozen papers
(chosen at réndom) on the subject of "prejﬁdice," it can be
quite difficult to decide whether, dnd to whét extent, sﬁch
papers are éctually télking about "the same thing." Morechr,
what one rescarcher talks aboﬁt under the heading of "prejudice,"
another writer might talk about under the seemingly-different
heading of, $ay,'"ethnic aggression.”™  Under sﬁch circumstances,
words such as ®*prejudice" énd "ethnic éggression" would seem to
be little more than labels of con&enience - tag words which
signél the fact that the paper "has something to do" with what
commonly (énd Qaguely) tends to go under the name of prejﬁdice or
ethnic aggression._ Sucﬁ words are simply not intended to héQe

any very precise meaning.

2.2. Since many highly-regarded theorists and researchers in the
soit sciences seem guite séngﬁine éboﬁt the deployment of Joose
and ill-defined terminology (énd since, moreo@er, their
éncillarz supporting terminology often tends to be eQen more
loose and ill-definedi, it is néturél to ask whether precision

really matters in the field of human and social research.

23



Several comments are in order here; First of éll, it may

be noted that definitions are, by their Qery néture, Unlikely
to do justice to énything as complex as a psychologicél
phenomenon. Definitions typicélly consist of no more than one
or two sentences. At the Qery most, they cén highlight some
feature of the phenomenon defined - and élso, perhéps, briefly
indicate the way in which the phenomenon compéres and/or
contrasts with some releQéntly related phenomenon; If énything
more detéiled is reqﬁired, more than one or two sentences would
be called for - and that would move the rescarcher into the
realm of "explications" or "elucidations," rather than succinct

definitions.

Secondly, it was Kant who first remarked that definitions are
the end-points, rather than the starting-points of
intellectual enqui-y. uf necessity, one might stért with a
proQisionél or tentati@e definition. But, as one's enqﬁiries

" proceed, the initial definition will be seen to be inédequate
and in need of modification.> Perhéps after many years of
enquiry, one e@entuélly will be able to "céptﬁre e essence" of
a phenomenon in just cne or two sentences. Bﬁt, e&en then, the
one or two sentences thét ére ﬁsed will meén Qery mﬁch more to
the creator of the definiticr, ehan they will to the reader ov
the definition. This is so becéﬁse the césdél reader will
the no conception of the numerous "céndidéte definitions" thét

were considered, and rejected, along the way.

A third point to be noticed is that the Human Race has actually

24




IS

manégcd to come qﬁite a long wéy on fQZZy thinkingi Precise
thinking may well be desiréble, bﬁt it cénnot bé conQincingly
érgued that precise thinking is essential to scientific
progress. As a matter of féct, some theorists hold that the
quest for exactitdde in human affairs is élwéys a mistake - and
the most that can be séid in fé@our of the quest for exéct;tdde
is that it sometimes turns out to be an instrﬁctiée mistake!

It is fairly clear, for cxample, that mathematical models of
human behaQioﬁr do scant justice to the way in which humans
actually behave (except under speciél laborétory conditions in
which the subjects ggggg to bechave in accordance with the
experimenter's model). There may, howeQer, be something to be
learned from the ways in which the model fails to predict what

actﬁally happens;

Finally, it may be pertinent to remérk thét éttcmpts to secure
greater precision, in the use of psychologigél terminology, do
not seem to haQe been particﬁlarly fruitful. It is not clear
what is gained by lengthy discussions as to whét é particulér

term or word might better signify .....

2.3. VWhat, then, should be the psycholcgicél reseércher's sténce
toward the main terms that he uses in his research reports?
If the foregoing considerations have any Qélidity at éll, there
would seem to be no necessity for the researcher to clérify,
with any great precision, the terms in question. Bﬁt it woﬁld
onioﬁsly be helpful if he géQe a reasonébly édeqﬁéte character-

isation of what he personally takes the terms to mean. This is
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particﬁlarly the case if (as sometimes héppensj the

reseércher uses a set of terms which seem to him to be inter-
related in ways that need to be pointed out. It is élso the
case if he belieQes that he is seeing more significénce in a
partiCQlar term than the reader is likely to see. By way of
example, suppose that a sociél psychologist is condﬁcting
research into the nature of Chérécter. Now most people ére
conditioned by society to respect so-célled "Men bf Chérécter."
But it can be pointed out that a Man of Chéracter is éctually

é somewhat predictable and, to that extent, rigid, mén.

Since this facet of Chéracter is unlikely to be noticed unless
the researcher explicitly points it out, there is clearly a need

to point it out.

2.4k. In keeping with the aone considerations, the present éﬁthor
derted some time to considering whét he personélly meént by the
word 'éttitude.' In pérticular, he wondered whét he oﬁght to
say thdt might not be self-eQident to professionél reseérchers
working in the attitude éssessment area, He finélly decided
thét an appropriate course of action would be to giQe é brief

account of what he took attitudes to be, and what he saw them as

doing.

2.5. The Concept of Attitude.

Texthooks of elementary psychology nowédéys tend to define
Psychology as "The Science of BehaQioﬁr" - by which is normélly
meant the science of obser?éble behé;ioﬁr. Typicélly, they
then go on to assert that behaQiour is determined pértly by

internal factors and partly by'externél factors.'
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At first glance, there seems to be nothing objectionable éboﬁt

such views. However, it is the business of scicnce to enquire

more closely into the acceptability of seemingly-unobjectionéble
stétements. If we do this, a whole clﬁster of difficulties can

be seen to arise. . |

-- For a stért, it turns oﬁt thét the word 'factor' (in the kinds

of textbooks cited) is something of én eQasion. To some
éﬁthors,.an internal factor is essentiélly an internal Ehvsicél
stéte - sﬁch as the state of the stoméch, or the hormonél state,
or the neUral state of the brain. To other authors, én internél
féctor is essentiélly a mental state - such as a state of hunger,
or énger, or fear, To say thét behaQier is partly céﬁsed by
"internal factors™ is therefore to aQoid the issue of whether

behaviour is "caused" by physical events or mental events.

Similar problems arise in connection with the notion of an
"externél factor." In some textbooks, an extcrnél féctor is
some seqﬂence of physicél eQents impinging on one of the sense
orgéns. In other textbooks, an external féctor is a sort of
"presenting experience" - sﬁch és the sight of é snéke, or the
cry of someone in pain. There is a tendency in some textbooks
to "gloss" these different conceptions by referring to internal
féctors as "some set/seqﬁence of neural or mental events" - and
by referring to external factors as some set/seqdence of
physicél or perceptdal experiences, etc; HoweQer, this simply
réises the qﬁestion as to how Psychology itself is to be defined.
There was a time when Psychology wés defined és the Science of

Mind (or Mentation), rather than the Science of Behaviour.
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Both definitions have their limitations. Psychologists who

concern themsel&es solely with mentél héppenings (thinking,
feeling, desiring, willing, and so on) might legitimétely be
accused of dealing with Disembodied Minds. Psychologists who
restrict themselQes to the doméin of obser&éble behé&ioﬁr might |

similérly be accused of dealing with Diseminded Bodies.

It is fﬁrther to be noted that not e&eryone égrees that
behaviour is due pértly to internal factors énd pértly to
external factors. Some theorists hé@e érgﬁed thét internél
factors -~ the stéte of one's body and bréin and mind - ére
themselves determined by external factors; It méy be
con@enient to "expléin" behé&ioﬁr in terms of (séy) é person's
éttitﬁdes and prejudices. But if these éttitﬁdes énd
prejﬁdices are themsel&es the result of externél conditioning,
then, ultimétely, only externél féctors ére reSponsible for
"that person's behaviour.  This érgﬁment is in fact one version

of the érgﬁment in favour of Determinism (énd égéinst Free Will).

At the other extreme, there are some people - especiélly some
Eé;tern liystics - who hold that behaQier is céﬁsed solely by
internél féctors; The Qiew here is thét the entire VWorld is
nuthing but a projection of the beholder's mind; This being so,
the world is in the mind (rather than the mind being in the

world or - even more restrictedly - in the bréin!) and the mind
is consequently responsible for e@crything thét we do. No doﬁbt
almost eQeryone would dismiss this latter Qiew oGt of hénd, but
it is worth noting that it does exist and that it represents the

polar opposite of the Deterministic argument.
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In préctice, most people seem to hold some intermediéte
position. Even the most rigid believer in Determinism tends
to chéstise his children for disobedience - thereby implying
that perhéps they do hé&e some free choice in the wéy that
they behéQe! The o&erwhelming Qiew seems to be that oﬁr
eQerydéy behaviour is,indeed,céﬁsed pértly by externél factors
and pértly by internél factors, and that these "factors" cén

legitimately be construed either in physical or mental terms.

In the cése of hﬁmén behéQioﬁr, there seems to be é
bewilderingly lérge nﬁmber of “internél féctors" that function
és pértiél céﬁses of e&erydéy behé@iour; To note this fact,
the English lénguége contains sﬁch words és need, greed,
intelligence, ability, aptitude, disposition, attitude,
prejﬁdice,.taken-for-grénted-éssﬁmptions, commitment, charécter
tréit, presﬁpposition, ideology, and so on. Any Theséﬁrﬁs will

immediately reveal a whole lot more of such terms.

Whét éll these words hé&e in common ié thét they éll refer to
what might be described as "internél controlling influences" on
e@erydéy behé&iour; One aim of Social Psychology is to see
whether sﬁch words - and the phenomené thét they denote - cén be

systematised and theorised about in fruitful ways.

Clearly, the kinds of words just listed all have different
nuances of meaning. For example, prejﬁdices tend to bc some-~
what resistant (often irrétionélly resistant) to change.

And they also tend to be situation-specific or czntext specific.
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Thﬁs a person who is énti—Semitic is a person who tends to
behave in a pérticﬁlar wéy toward Jews. Bﬁt a person who is
suspicioﬁs tends to be suspicioﬁs "right .across the boérd;"
Suspicion is é chérééter trait which is less "§itﬁétion
specific" - and that is why it tends to be célled a character

tréit, rather than (séy) a prejudice.

Whét, then, is an attitude?  An in;estigétion of e&erydéy ﬁsage
sﬁpports the Qiew that it is a féirly general controlling
infl&encc on behaviour. It is élso one that people can to

some extent érticdléte and be conscious of - élthoﬁgh some
theorists do Speék of people possessing unconscioﬁs éttitﬁdes.
Howe&er, it is important to recognise thét there is no Qniqﬁely
correct conception of éttitﬁde wéiting to be disco&ered. It is
réther the cése thét, within limits which do not do too mﬁch
injﬁstice to commonsense usége, we ére free to define én

attitude in any way that is theoretically promising.

For the pﬁrposes of this thesis, there is é textbook definition
of 'éttitﬁde' which is well-regérded by éttitude reseérchers,
énd which héppens to éccord qﬁite well with the ;iews thét hé;e
jﬁst been expressed; The definition is due to Milton Rokeach
{i lcéding Americén éﬁthority cn the sﬁbject), énd it éppeérs in
his book, "Beliefs, Attitudes and Values" (pﬁblished by Jossey-~
Béss Inc., San Frénciséo, 1368). It reads:

"An éttitﬁde is é relatiQely endﬁring orgénizétion of

beliefs éroﬁnd én object or sitdétion predisposing one

to respond in some preferentiél ménner;"

This definition has several merits. First of all, it is
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consonant with the commonsense notion that attitudes are (or
cén be$ importént determiners of human éction; Secondly, it
leaves open (in a highly desirable w5y5 certéin qﬁestions to do
with the relétionship between behaviour and éction; In
pérticﬁlér, it does not rﬁle out the possibility of éttitﬁdes
éffecting behé&ioﬁr, or behé;ioﬁr éffecting éttitﬁdes, or eéch

 affecting the other. Thirdly, it points to a crucial
connection with belief, énd it édditionélly implies thét
éttitﬁdes exist in clﬁsters, réther thén in isolétion from one
énother; Some fﬁrther implicétions of the definition ére thét
éttitﬁdgs méke people more predictable to one another. In
effect they éct és blinkers, or és constréints/limitétions on
thinking; Finélly, the definition is entirely psychologicdl;>
Unlike a better-known definition of ﬂEEiEﬁQE by Allport (which
refers to "neﬁrél stétes of reédiness to respondent"s the
definition is not contéminéted with references to neﬁréi or
physiologicdl processes; The definition is éccordingly Qery
well_sﬁited to the type of experimentél enqﬁiry described in
later chépters of this thesis. In the present édthor's
opinion, the Rokeac:. cefinition, when taken in conjﬁnction with
the remérks thét introddced it, giQe én entirely édeqﬁéte

account of how this thesis treats the concept of 'attitude.'

2.6; Hé;ing outlined the reseérch problem in Chépter 1, two
pérticﬁlér areas hé@e been examined, némely: éttitﬁdes and
pedégogic style together with the means by which the létter méy
be recorded; Althoﬁgh the intention is to re&iew specific
éreés, it is recognised thét some rele&ént reseérch will spén

two or more of them. One such picce of research is that of




Paul Cardner (Cardner 1975) which highlights the relationships
perceiQed to exist between stﬁdents' éttitﬁdes to physics énd
certain dspects of the teacher's personélity and behé&iodr;
Tenﬁoﬂs thoﬁgh these links appeér to be, they réise qﬁestions
about the relétionships between éttitﬁde énd percei;ed éspects
of pedégogic style which the aﬁthor will endeé&oﬁr to answer by
his reseérch; Gérdner conclﬁdes that teécher behé&ioﬁrs
(éspects of pedégogic stylei méy‘enter into léwfﬁl relétionships
with stﬁdent Qériébles in generél énd stﬁdent éttitddes in
pérticﬁlér.

Gardner's work spéns a fi;e yeér period from the presentétion
of his doctorél thesis "Attitﬁdes of Physics" throﬁgh é series
of recent pépers which consider some of the éreés of interest
for this reseérch; After spending é yeér on stﬁdy.leéQe in
England during 1973, Gardner published three papzrs identifying
some relétionshipsAreleQént to the U.K. érené of physics
feéching. Some of the eérlier pdpers consider déta collected
in Aﬁstrélié énd ére, for é Qériety of reésons, (not the leést
of which is the cultural difference) of dubious applicability in
the United Kingdom; The three pépers identified méke specific
reference to physics edﬁcétion in the U.K. énd enébled the
éﬁthor to focus the attention of this reseérch on a specific
rénge of dﬁestions within his area of interest and to which
either no édeqﬁéte answer héd been preQioﬁsly proQided or to
which little reseérch effort had been derted; The pépers
concerned were: "Reseérch on Teécher Effects: Critiqﬁe of é

traditional Péradigm" (Gérdner, P.L. 1975 - The Tournal of

Social Psych. 95 pp. 91 - 97).
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"Attitﬁdes of PSSC Physics Stﬁdents: Relétionships with
Personélity and Teacher Behaviours." (Gﬁrdner, P.L., 1975 -

The Australian Science Teachers Journal vol. 21 (i) pp; 75-85);

These pépers provide sﬁpport for some of the Qiews, and concerns,
~ expressed by the éﬁthor in Chépter 1; conseqﬁently é Erief

report of their content follows to indicéte how the qﬁestions

framed és hypotheses in Chépter 3 érose from the sﬁbjecti@e

comments in Chépter 1 in the light of this (énd other)} reseérch;

2.7; The decline in enrolments in ﬁndergrédﬁéte physics coﬁrses
was worldwide in the early 1970s. In Britain 2400 university
science pléces were ﬁnfilled in 1973/74, and the Déily
Telegréph (lbth; November 1973, p.5;) reported a predicted and
complete halt in all uniQersity science bﬁilding progrémmes for
é decéde; In Americé the 1966 predictions (Amcricén Institute
of Physics) of a lérge increase in female physics students
did not materialise and in Australia even those students who
héd opted to read physics displayed a sharp decline in enjoyment
of the subject dﬁring their course, (Gardner 19735. At the
séme time the physics enrolments in Australia showed én
ébsolﬁte decline from 1971 onwérds. Gérdner conclﬁdes thét in
mény different coﬁntries, students are ;oting with their veet

‘ égéinst the stﬁdy of physics despite én enormoﬁs expenditﬁre

dﬁring é 26 yeér period cn the de&elopment of inno&éti&e physics

curricula,

Various writers have tricd to explain this state of affairs in
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-terms of the poor 'imege‘ of physics (Ahlgren & Wellberg 1973),
the coenterceltere's distaste for science and technology
(Rodzek 19695, the failure of physics cerricele to include
sociel espects of science which are of interest to edolescents,
particularly females (Ahlgren & Wallberg, 1973), and the
operetion of economic forces oetside the control of fhe science

- edecetor (Reitz, 1973).

The emergence of a nember of "combined stﬁdies" degrees in the
lete 19765 (Smetherst, 1978) eppeers to be e conseqeence of the
edecetionel technelogists of the time eccepting the points mede
in the pepers cited withoet qeestioning the possibility of a
seperordinete component or fector which mey sebseme some of the
Qelid, but perheps relati&cly insignificent, explenetions giQen;
Gardner foeesed his attention on two arees, student attitudes
and teacher beheQioers; (He eses "teecher behe;ioers" in much
the same wey as the eethor eses "pedégogic style" and the

phrases may be, within this thesis, interchanged).

First, a stedy was conducted to identify reletionships between
pepil needs and pepil ettitedes to Qerioes eSpects of their
physics coerse; The reselts seggested that there is not a
strong tendency for stedents to project their own personel
ettitedes onto their clessroom enQironment. Such é conclesion
might be in error due to weaknesses of the Stern (Stern 1958)
stetisticel epproéch which celceleted correletions between
indi@ideel stedents for the totél semple; It is concei&éble
that there might be a strong correlation between a personelity

factor score for a student with a specified classroom
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en&ironment (note: é cléssroom environment is pért of é
pedégogic profile és defined) within, bﬁt not between, stﬁdent
groﬁps; This might meén thét certéin types of stﬁdent
(cléssified by attitﬁde) respondent well to a gi&en teacher's
pedégogic style bﬁt becéﬁse groﬁps ére ﬁsﬁélly érrénged sﬁch
thét they consist of mixed éttitﬁde common ébility groﬁps the

classrooms would mask such relationships.

Cérdner conclﬁdes that stﬁdents who ére compﬁlsi&ely orderly
tended to rate their teéchcr higher on the corrgsponding scéle,
nﬁrtﬁrént stﬁdents percei&ed their tedchers as more nﬁrtﬁrént,
stﬁdents who sece themsel&es és well-orgénised tended to
describe their teéchers in similér terms énd those who ére
interested in deQeloping their ﬁndersténding of é field tepded

to see their teachers as promoting this objective.

This lést obser@étion led to the second kind of stﬁdy reléting
to the effects of teécher behé&ioﬁrs to stﬁdent oﬁtcomes.
Assﬁming that the instrﬁments ére reliéble é zero correlétion
between the teécher behé&iéur (i.e. éspect of pedégogic style)
énd the stﬁdent outcome implies thét the teécher behé&ioﬁr Being
studied does not affect the students in ény meéningfﬁl wéy.

e rnscérch conclﬁdes that teécher behé&ioﬁrs and pﬁpil out-
comes (for which one might reéd: pedégogic styles énd chénges
in the éffecti&e and cogniti&e domains of the leérners) méy
enter into lawful relétionships with one énother, the nature of
the relétionships being different for different kinds of stﬁdent;
The resﬁlts strongly sﬁggest thét insteéd of grodping stﬁdents

in terms of ébility (however measured), one might bring
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together (in a single group) all students who share é similér
preference for a particular kind of pedagogic style and that

such a strategy might prove beneficial.

2.8.1. Having identified the general areas of interest as

specified in Chapter 1, the author was able to direct attention

" in the literature review to two specific regions which enabled
a research programme to be specified which was based on a
foundation of existing knowledge and sought to answer the
questions seen as unanswered. These two regions were, attitude
measurement and recording of pedagogic styles, Héthodological
strategies in connection with these two areas would also be

reviewed.

2.8.2. In addition to Gardner's work substantial quantities of
research have been conducted on attitude to physics and attitude

measurement in general.

Walberg (Walberg, H.S. 1967) developed an inventory
specifically relateu tu physics, whilst many other researchers
are interested in attitudes to sciecnce. (Laughton & Wilkinson
1973; 1978 & 1970; Mayer 1963 & 1959; Aiken & Aiken 1969;
Thamas 19703 Ahlgren & Walberg 1973; Wicke & Yager 1966;
Selmes 1971; Perrodin 1966; Ormerod 1973; Ormerod 1971).
These researchers all used attitude as one variable in their
studies, many developed their own instruments whilst some
adopted or adapted the instruments of others. The important

observation that the author would wish to highlight from all of
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the work reviewed is not methodologicél considerétions of
attitude measurement, but the importance éttéched to attitude,
as a variable, by a wide range of respected researchers.

Quite clearly, the last decade has provided increasing awareness
of the need to consider attitudes when investigating the

teaching=-learning process;

Turning now to attitude inventories, it was considered

important to review literature outside the specific research
interest of attitude to physics. Attitude measurement
represents an area of psychological research from which lessons
may be learnt and subsequently applied to the specific problem
in hand, namely adopting an attitude inventory for this research.
The standard references for practitioners make a useful approach
to the problem. Amongst those Scott (1968), Oppenheim (1966),
Waite (1961) and Edwards (1957) provide the intending cvaluator
of student attitudes with methodological bases for further work.
A major weakness of such standard works is the rather super-
ficial treatment given to the philosophical problems associated
with attitude invenilzry design. Sherif, Sherif and MNebergall
(1965) and McGuire (1969) provide a rather more scientific
appraisal of the problems inherent in attitude inventory design
while other researchers look at specific areas of importance.
Amongst the latter category are: OsGood and Tannenbaum (1955)
who consider the principle of congruity in the prediction of
attitude change, Heider (19246) whose interest focuses on
cognitive organisation, Chein (1948) and Doob (1947) who debate
the behaviourist-cognitivist dichotomy and Cook and Selltiz

(1964) with their multiple indicator approach to attitude
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measurement.

2.8.3. The literature review was not restricted exclusiQely to
attitude measurement in the discipline of phyiics. The review
aimed at identifying the kind of inventory most suitable for an
investigation of the research hypotheses rather than endeavouring
to find an inventory containing suitable elements for direct
édoption. | To achieve this end it was found that existing
inventories could be classified into four categories. Firstly,
those designed for particular types of student, e.g; Harrison
(1971), Brown & Davis (1973). Secondly, those wishing to
measure attitude to a particular specified change in the
learning environment, such as Finchs (1969) instrument to
measure student attitude toward individualised and laboratory
instruction. Thirdly, those considering only some aspects of
the total attitude as exemplified by the scales of Laughton &
Wilkinson (1973) and Bollen (1972). Fipally, the inventories
purporting to measure the 'tofal attitude' of the respondent
towards the 'total discipline' concerned, e.g. Coon (1969},
Skurnik and Jeffs (:971) and Gardner (1974),0f these, Gardner
alone was responsible for an inventory Specificélly designed
for the discipline of physics. The author, presented with the
choice of either adopting the Gardner PAI (Physics Attitude
Inventory) or designing his own, decided to develop a new
instrument. The rejection of Gardner's instrument did not
imply a lack of confidence in the manner in which the PAI was
deVeloped, in fact the contrary view is more épprOpriate. 'The
rejection was based on the problems éssociéted with ﬁsing an

instrument in Great Britain which héd been developed ﬁsing

a4
L7
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fespondents from an alien cﬁlture (Austrélié), énd of én ége
group different from respondents identified for this reseérch.
Adoption of PAI would have necessitated anglicising énd
piloting the instrument, in fact, the whole process would h&ve
reﬁresented little saving of resources er? the chosen
alternative of developing a new scale.

2.8.4. Of the four types of inventory found, it became increasingly
clear from the research cited that an inventory measuring a
limited number of pre specified att1tud1na1 factors which may be
combined to form a composite score would be the most appropriate
type of instrument in order to investigate the areas identified
in Chapter 1. As will become evident later, four such factors
proved to be importént in this research: Exam orientation;
Practical Orientation; Intrinsic motivation; and Personal

Pleasure from Physics.

2.9.1. The second area of literature review was that of pedagogic

stYle and how it may be recorded.

Whilst the term pedagogic style has not been widely ﬁsed by
other researchers, there have been many stddies looking at the
teacher role in the teaching-learning situétion. Many of tSesa
are relevant to this study. Armidon and Flanders (1963)
iconsider the role of the teacher in the classroom whilst Bales
(1950) concentrates on the interaction process occﬁring in the
teaching-learning situation. \‘therever 'pedégogic style' or
similar terms are used, almost without exception some fofm of

. evaluation is implied. Some researchers following the lead set
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by Stufflebeam (1968) watered down the concept of 'eQélﬁétionf
by calling it "information for decision méking;" This could be
intérpreted'either as containing a jﬁdgement or.of being non-
committal, e.g. a descriptive account. Howe§er, those who
support descriptive 'evaluations' (amongst whom the éuthor would
. be named) are not.so naive as to suppose that judgements are no
“";-part of their work, but they are more interested in illuminating

possible judgements rather than recommending them.

With some notable exceptions, such as Mollet (1977), most
'evaluations' of the teaching situation are attempts to specify
good or bad examples, whatever they may be, with the descriptive
illuminative approach finding little support amongst academics.
Clearly, the expressed intention of using just such an approach
in this research project will need to be justified if it is to

be academically credible. Such discussion is included in later
chapters illuminafed by the following extensicn of the literature

survey to include rather more specific methodological studies.

2.9.2. The problem raised by the literature reQiewéd in péragraph
2.9.1. was relaté& to the competing paradigms within educational
research. Power (1976) considers this problem and identifies

three paradigms. Tﬁe 'Agr10ultural-Scienfific' péradigm is
analogous to the 'evaluative experimental’ approéch. The idea

is that one can utilise the powerful intellectual and

statistical tools of the sciences in studying educational, as well

as natural, phenomena. This is _a logical outcome of the success

story of science. This péradigm implies thét, to be worthwhile,
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all educational research should be objective, empirical,
nomothetic, and Qalue-free; an& thét well-designed empiricél
stﬁdies will ultimately uncover the laws governing human
behéQioﬁr, The contrary view implies that dq;criptive
eQélﬁétions stemming from a phenomenoleogical approach can
proQide eqﬁally worthwhile outcomes, Power agrees, but divides
the view into two different paraaigms. Firstly the anthropo-
logical paradigm encompassing ethnographic approaches to
research and, secondly, the philosophical paradigm. The first
of these is the true phenomenological approach which,at its
extreme,demands that the researcher does extensive field work in
the problem setting of a kind which allows him to become a
Eérticipant observer rather than a detached manipulative
researcher, controlling and measuring people and events. The
second is that which attracts the éuthor's support and which
lends credence to the approach proposed and adopted for this
stﬁdy. The philosophical paradigm claims that to explain is

to aqalyse the incomprehensible into simpler, more under-
standable components, and to show how these components are inter-
related. Kaﬁlan (19€) and Scriven (1966). Such research
proQides subport for the author's approach to the problem. The
commonsense everyday knowleage of the research subjects is the
nrime source of data and, it is the cognitive structure of the
reSpondent_to which one has to direct investigation without the
imposition of external criteria or beliefs in the superiority of
academic knowledge. Young (1971). Having established the
credibility of such an approach from}the literature, it still
reméins to consider research based upon such a philosophy for

the inQestigétion of pedagogic style within the discipline of

\

]




physics; Sﬁch inQestigétion is rewarding, for boﬁh the depth
and Ereédth of such studies enables the perceptive reader to
identify or explore their weaknesses and strengths,  Six
stﬁdies cén be identified as representative of this area, namely:
Gardner ﬁl974), research on teacher effects; Reed (1961), with
,teécher Qériables of warmth, demand and utilisafion of intrinsic
motiQation related to science interests; Horsby-Smith (1973),
;tyles of teaching and .their influence upon the interest of
stﬁdents in science; Shavelson-(l970), some aspects of the
relétionship between content structure and cognitive structure
in physics instruction; Elliott (1971), perceptions of high
school physics and physics teachers; and Mackay (1971), changes
on affective domain objectives during two years of physics study.
Eéch of these studies considered alone provides valuable insights
into pedagogic styles adopted by physics teachers. Considered
together, the importance of pedagogic style relative to the
leérning of physics students becomes very evident but at the
séme_time, these researchers have shown no commonality of
techniqﬁe in the identification of particular pedagogic styles.
In the létter respeci, these reports may appear to contradict
one énother, but in practice it is not contradiction, but a
qﬁestion of apparent conflict which stems from the use of
dif¥erent starting points and inconsistent ﬁefinifions of

' pedégogic style between researchers. The hypotheses specified
in Chépter 3 are framed to clarify these conflicts and to
proQide é means of Qiewing physics teaching in a systematic and
consistent manner. (See also Rothman, Welch and Walker (1969),

Arbib and Hanscombe (1972), Handley and Bledsoe (1967/68)).
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2.9.

3. The literature reviewed in paragraph 2.9.2. enables a
philosophy to be édopted, but also creates the need to de&elop a
methodolégy éppropriate to the probleh, concerned with the tenets
of the chosen philosophy, and acceptable in terms of practical
épplication. This problem has already begn encountered in

attitude measurement, but now needs to be reconsidered with

.. respect to recording pedagogic styles. In order to achieve this

end, rele?ant literature can.be consulted to ascertain how
similar problems Have been solved by other researchers and

hence to deduce an appropriate strategy for this research,

The teéching-learning process is described by Fenker .(1975) in
terms of a simple communication model with four components; the
sender, the encoding structure, the decoding structure and the
destination. Clearly, the 'pedagogic style' of the teacher
encompasses the first two aspects, but the teacher's hehaviour
(and hence his pedagogic style) will be affected by his knowLedge
of the latter two. In simple terms this states that in
édobting a particular style, a teacher will either overtly or
cerrtly assess his expectations of anticipated student
responses. Such relationships are_identified in the work of
Weick (1968), Festinger (1957), and Shavelson (1972).  Many

ﬁsefﬁl techniques have been developed which fall within this

.area and taken into consideration the total cegnitive proccas.

- A number of these are mentioned in a book entitled “Evaluating

teaching in Higher Education" (U.T.M.L. 1976). Whilst this

considers research conducted in Great Britain it does réther
neglect American research. Bailey (1977) at Kansas State
University deQeloped a means of recording pedagogic style which

did not impose criteria hpon the teacher, but having used this
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techniqde, he then adopted the emergent factors as criterié to
be behaviourably applied in sﬁbsequent attempts to record

pedégogic stylei

2.9.4. Two techniques emerge from the literature as providing an

éppropriate means of recording pedagogic style.

These are Kelly's Repertory Grid and Osgood's Semantic
differential. Frankly, élose examination of some studies using
one or other of these techniqués would result in the reader
being unable to decide which was being applied, as botﬁ systems
héve been extensively adopted, and often approach one another
Qery closely. Largely for the reasons specified by Kelly (1955)
the rep-grid tqchniqﬁe would seem to be best suited to the
deménds'of this project. A consideration of the rep grid
techniqﬁe is made in Chapter 6 and its use in education is

discussed below.

The work of Tho mas at Brunel University has done much to extend
the scope of the technique. .The literature rais:s some rather
importént questions, the first of which is the applicability of
rgpgrids to certain types of respondent., Childreﬁ do not

'_ respond well to the technique ant researchers, such as Cashdan
.énd-Philps (1978) using types of repgrid with young respondents
héQe had to abandon the technique in favour of more *traditional!
free-flowing interview techniques. However, support for fhe
use of repgrids can be obtained from the work of Applebée (1976)
working at Coldsmiths College on the development of childrens

response to repertory grids. The evidence shows the post 16
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yeér old stﬁdents respond well to the techniqﬁe;

A second question relates to the use of repgrids in the
respondents’ seméntic competence in distinguishing the concepts
'séme' and 'different.' It should be noted that Glﬁcksberg
(1976) hés inQestigated this problem and conclﬁded that the
generélly expressed concerns are unfounded. A contrary view is
expressed in a book entitled 'Opposites.' No reView of
repertory grid literature could exclude Bannister and Mair
(19695 who have provided a first and most useful handbook for
the potential user of repertéry grids, together with follow-up

pdblications (e.g. Bannister & Fransella 1977}.

Only one technique appears to have ever used repertory grids as
a means of identifying and recording pedagogic style. This is
the nTuckman teacher feedback form" developed by Tuckman (1976).
Kelly's theory of peusonal constructs explains the underlying
purpose of the TTFF.  Both teacher and obserQef use personal
constructs, conceiQed as bipolar adjectiQe pairs, to interpret
or construe the reality of the classroom. Thus, using é-set
of relétiQely unstructured dimensions, obserQers can report

that construction of reality to represent a pictﬁre of how the
teécher is behaving, in other worus the TTFF accepts Kelly's
argument that reality is a construction of the obserﬁer and so
presents a means of eliciting and describing an obserQer's
construction of a teacher's behavioﬁr. Tuckmén whilst stérting
from a useful base ends ﬁp with specificétion of 28 behavioural

characteristics which can then be directly applied.
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%he second internétionél conference on Personal Construct Theory
heldiét Oxford in 1977 inclﬁded a Qériety of éttempts to record
pedégogic style. Apart from Pope (1977) and Keen (19775 all
the other attempts used the repgrid as a means of producing
criteria which may be behaQ10urally applied when appraising

teachers. (See proceedings of 2nd. International Conference on

..- Personal Contact Theory). The author has chosen to develop an

épplication of the repertory grid which is not so constrained,
and depicts the pedagogic style as perceiQed by the respondent,

free from external criteria.
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3.1.

3.2.

Chapter 1 includes a comment of Claude Bernérd, stéting thét,
in his view, a hypothesis is the obligétory stérting point for
all experimental reasoning, Without it, no in§estigéticn would
be possible and one would learn nothing; one could only pile up
barren observations. To experiment withoﬁt preconceiQed ideas,
is to wander aimlessly. It is, howeVer, important to be aware
of what one's preconceived ideas are in order to ﬁvoid the
injection of unconscious bias. In this chapter, it is the
author's intention to refine the views expressed in paragraph
1.1. in order that they may be stated as spécific hypotheses,

which will be investigated in this research project.

One possible approach to this research would be to use an
'experimental' design where a direct relationship between the
independent variable, pedagogic style, and the dependent
variable, attitude, could be investigated, i.e. a change in the
latter could be attributed to a change in the former.

Although, in theory, such an experimental approach is possible,
it is not seen by the author as appropriate for a Qariety of
reasons. PerLaps the most important objection is the covert
inference of-a direction of causality which is by no medns well
established in tﬁe literature (Cronbéch énd Snow 1977). A
sccund and practical problem is the nature of pedégogic style.
By definition this is a multivariate factor of sﬁch a natﬁre
that it would be difficult to identify groups of respondents

each exhibiting the same pedagogic style.

The chosen research approach, therefore, is a comparative study
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3.3.

conddctcd in the preseﬁt dimension where respondents méy be
classified into groﬁps by either an éttitﬁde score, err all
factors, or by their score on each of foﬁr féctors of their
éttitﬁde to physics. Thﬁs, although the éttitdde inQentory
deQeloped is in fact multiQariéte (foﬁr féctors), the
contribdting factors are easily identifiéd for each respondent
who will have a score on each. This is not the case with
pedagogic style where the factors contribﬁting to a respondent's

perceived pedagogic style may be uniqde to him.

Pedagogic style may then be recorded for each indiQidﬁal
respondent irrespectiﬁe of whether tgey ére students or
teachers in one or more of the following forms. (It can be
argued, and indeed is in Chapter 5, that eQen élthough a
respondeﬁt may be devoid of all'knowledge of 'teaching skills'
he still has a perception of what a giQen teécher, or a
hypothetical ideal teacher 'does.' This formal description of
wﬁat'a teacher 'does' is defined as a perceived pedagogic
stylej.

i) The pedagogic style I believe I would édopt when
- teaching physics iq a given setting;

ii) The pedagogic style I belieQe to Ee the most effective

in the same teaching-learning-setting és (i) above.
iii) The pedagogic style I believe woﬁld be the most
ineffective in the same teaching-leérning setting as

(i) above.

The pedagogic styles identified cén then be compéred between

respondents classified previously as similar by attitude,

49



Similérities and differences can be identified and qﬁéntified,
and composite group profiles computed for "between-groﬁp"
analysis. Details of the mechanism for such anélysis is giQen

in Chépters 4, 5 and 6. ‘

3.3.1. It needs to be made explicit that the author considers the
investigation to be of Qalﬁe in terms of proQiding é meéns by
which practising teachers of physics in higher edﬁcétion méy
Qiew the arena in which they operate; In his progression
through the process'of research the author édopted a method-
ology which in itself proved to be a mechanism for raising
perceptual awareness and as a consequence this 'means' aimed to
achieve in some measure the 'ends' specified for the research.
Indeed,one of the many strengths of the repertory grid based
methodology is its relative profection from 'unconscious bias.'
Wofk by other rescarchers has shown that thé intended
consistent biasing of grid scores proves to be élmost
impossible to achiéve. (Reid 1976). Respondents to a grid
intending to elicit reasons for marital problems often attembt
to conceal ?eal contributing factors. Sﬁch respondents freely
admit in feedback sessions that their éttempts ét conceélment
were fruitless. Whilst this relates to é conscioﬁs éttempt at
biasing, research evidence is.available from the wide rénge of
activities researched using repertory grid bésed methodologies

“that bias unéonscibusly introduced is méde explicit by the
analysis,and respondents are compelled to édmit thét_the feed-
back data makes explicit facts they now realise to be true, but

which had hitherto not been apparent to them, thus unconscious
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3.4.

bias and conscious bias, whilst possible, almost alwéys
becomes apparent from the analysis. Thus the methodology
emerged as a strong instrument for achieving the research

objecti&es as it collected data in the respondent's terms

unclouded by unconscious bias and in itself raising perceptual'

awareness of the problem. Sﬁch was the emergent strength of
the instrdment deQeloped, the author used it, élmost dnmodified,_
as a teaching appraisal tool called by the écronym TARGET.
(Teaching Appraisal by Repertory Crid Elicitation Techniqﬁes).
This is described in Chapter 9.  (The author was the
originator of the TARGET project and then operétionélised the
system as a part of his employment with Hopwood, Gho
contributed to the nationai operations éspect). HoweQer, at
this point, the author would wish to stress that this thesis
describes an inQestigation of pre-specified hypotheses many of
which are clearly 'newsworthy' (to Qse Poppers terminology) in
that they do nnt reject the views popﬁlérly held by practising

teachers of physids in higher edﬁcétion (see Chépter 9 ).

The research aims to provide a static pictﬁre ot physics
teaching in institutions of further énd higher edﬁcétion in the
period 1975 to 1979, Hence the use of the phrése 'in the
present diménsion' in parégeaph 3.3; Fﬁrthermore,_it will be
possible to observe the perceptions of.both teécﬁers and
students with respect to what pedégogic style represents the
most effective approach in a giQen teéching-leérning sitﬁation.
As a critical comparatiQe survey the research does not intend

to prescribe changes in pedagogic style, bﬁt by identifying
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possible areas of conflict between teéchers énd 1e$rners, the
findings méy assist préctitioners in the f;eld to perceiQe their
teaching as others seeit. In other terms it will make
explicit those peer group Qélues which so often remain
undisclosed to those outside of the culture from which they were

generated.

The major research aim can be specified, némely that of
preducing a research report releQént to, and éccﬁrétely
representati#e of physics teaching in FE/HE dﬁring the 1975 to
1979 period. The research problem thefefore is to look in
detail at the way in which different teachers of physics play
their role in facilitating learning in their_stﬁdents, and to
identify the ways in which different observers (teéchers,
physics teachers and physics stﬁdents classified by attitﬁde

factors) perceive these pedagogic inputs.

'-The research is not intended to be prescriptiQe and so any
conclusions may be open to the criticism 'so whét?[ The author
would defend his stance by stating his personél intuitiQe belief,
which, (dﬁe to the fact that no reseérch hés Been undertaken in
the area), is not supported by reseérch e&idence, thét many
teachers of physics are skilied br;ctitioners with a wide
repertoire of pedagogic skills. Their pedégogic style, does
not, in his experience, often chénge once estéblished, perhaps
due to a léck of information regérding his stﬁdent énd peer
perceptions of Wh?t he is doing; If, howeQer,.én éndlysis of

the data collected in relétion to the hypotheses enébles any
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practitioner to identify differing pedégogic preferences, it méy
well be within the cempetence of mény teéchers to explore the
effects of.changing their own pedégogic profile towérds that
perceiQed as more effective by their stﬁdents who cén be seen to
exhibit similér‘attitudes to those in the data prodﬁcing sample.
It should be noted that a percei&ed effectiQe pedégogic style
may be LESS effective than one considered réther ineffectﬁal,
but if this is so (and it will depend on the wéy in which
effectiQeness is defined, Qiz. Sayer 1977 & Gilbert 12785 the
teacher concerned will be able to qﬁestion his strétegies from
a position of raised perceptual éwéreness.with é commﬁnicétion
channel aQailable between himself and his students bésed on the
errt statement of their differing perceptions of whét
constitﬁtes an 'effective pedagogic style;' IrrespectiQe of
the way in which an effectiQe pedégogié style is defined or
interpreted by di“fering groups there méy be compelling

reasons for assigning students to leérning groﬁps by different
criteria than academic potential (howeQer measﬁredi which is
commonly used at the present time. Thus the hypotheses have
been framed in such a way as to facilitéte the production,
after data analysis, of a'descriptiQe report concerned with the
questions raised in Chapter 1 and in relétion‘to the foundation
of knowledge extracted from the :cﬁiew of the literatdre in
Chapter 2. Methodological, and sampling st;étegies are

considered in detail in following chépters.
3;4;1. Cronbach and Snow 519775 in their ATI studies (Aptitdde and

Treatment Interaction) considered some similar problems from a

rather different perspective. Their concern was matching
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aptitﬁdes to treatments in three ways, all assuming indi@iduél
students and ignoring social-psychological factors operéting
at group level: capitélization of strengths; compensation and

remediation. The author's approach differs in two méjor

~ respects. from the ATI approach ...;. Firstly, the groﬁp

3‘-5-

factors are not ignored, indeed they ére promoted to a high
level of significénce as it is believed by the aﬁthor that
groﬁp interactions do effect learning and secondly, the.
emphésis is pléced not on individual 1eérning differences
(which are acknowledged to exist) but on common groﬁp
perceptions of effective pedagogy, thus deménhing chénging of
pedagogic procedure on the part'of préctitioner/teécher in
order to achieve increased effectiveness. The éuthor does
not, howeQer, refute the importance of indiQidualized leérning
and hés expressed a triadic distribution not too dissimilér to
that made by Cronbach and Snow (1977) in his paper with

Reid (1976) entitled Guided Learning. His classifications
were (a) remedial, (bj supportiQe and (c) extending, and this
matches the Cronbach terms (a) 'remedidtion', (b) compensétion'

and (c) 'capitalization of strengths' respectively.

The hypotheses

3.5.1. Attitude to physics, measured by the attitude to physics

inQentory total score if appropriate, (and on each independent
factor if composite scoring is inappropriate), will be more
positive for teéchers of undergrédﬁate physics thén for first

yeér undergrédﬁéte stﬁdents of physics.
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3.5;2; Attitudes to physics, meésﬁred by the éttitﬁde to physics
inQentory totél score if éppropriéte (énd on eéch indépendent
factor if composite scoring is inéppropriéte} will be more
posipiQe for first year undergraduate stﬁdents.of physics
than for écédemic teéching stéff from disciplines other than

physics.

3.5.3. First year undergradﬁate students of physics will be more
positiQely orientéted towérds the reqﬁirements of an
exémination, measﬁred by Factor A (exéminétion orientation) of
the attitudes physics inQentory, than will teéchers of under=-

graduate physics.

3.5.4, Teachers of undergraduqte physics will exhibit é more
positiQe orientation towards practicél work, intrinsic
motiQation and obtaining-pleasure from physics instrﬁction,

‘measured by the three respectiQe féctors fron the attitude to
physics inQentory, than will first yeér ﬁndergrédﬁate stﬁdents

of physics.

3.5.5; There will be a significént difference between the positiQe
attitdde and negétiQe attitﬁde respondents of éll three
categories, and on all fodr féctors, in the wéy in which they
corporétely perceiQe and categorise obserQed teéching écts'on
criteria associated with effecti&eness of tedching, identifiea
by a stétistical compérison of element vectors énd

subjectively by the respondents' verbal constructions

associated with the principal components in the construct space
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of the éppropriéte respondent sﬁb-groﬁp;

3;5.6.- There will be é-greéter positiQe correlétion between the
perception and classificétion of obser&ed teéching episodes
by teachers of physics and students of physics when feSpondents
with similar attitudes ére compéred thén when differing attitude

groups are compared.

3.5;7. The corporate perceptions and cétegorisﬁtions of observed
teaching episodes, against effectiQe teéching criterié, by each
of the classes of respondent will show greéter similérity
between students.of physics, than ény similérity between ény
other two groups. The comparison will be méde objecti&ely by a
stétisticél comparisqn of_element Qectors énd, where significant
relationships ére seen to exist, by listing constrﬁct lébels as

used by each class of respondent respectiQely;

3.5.8. First year undergrédﬁate students of physics formed into
groups By their score on each component féctor within the
attitude to physics inQentory (foﬁr féctorsj will exhibit a
commonality of perception, when cétegorising obserQed teéching
episodes against pedégogic effectiﬁeness criterié, between
comﬁon attitude groups écross factors to é greéter extent than

‘between differing attitude groﬁps within féctors;

3.5.9. Positive attitude respondents from each component féctor,
will exhibit a greater 'acceptance range' measured by a lower

rate of decline of Eigen valﬁes generated from a principal
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component analysis of the respondent's grids with common
element samples, than will the negative attitude comparison

gro&p;

3.5.16; Teachers of ﬁndergrddUéte physics will exhibit é greater
'éécepténce range' measured by é lower réte of decline of

“ == . Eigen values generated from a principél component énélysis of
the respondents' grids with common element.sémples, thén will
the stﬁden£ cétegory of respondents, who will themsel@es
exhibit a greater éccepténce rénge thén-teéchers of sﬁbjects

other thén physics.

3.5.11. An appraisal of the constructs used by respondents in
completing their grids will show that for teachers of under-
graduéte physics the rétio of discipline orientéted constructs
to pedagogy orientated constrﬁcts will be greéter thén for

cither of the other two groups of respondent;

3.5.12. First year undergrédﬁate students of physics formed into
leérning groups by their total éttitﬁde score, meésﬁred by the
éttitude to physics inQentory, wiil héQe common perceptions of
the pedégogic style they éssociéte with effective teéching of
undergréduate physics with less Qériénce thén ény mixed

éttitﬁde grouping.
3.6. A fﬁll discussion of these hypotheses together with inter-

pretive notes appears in Chapter 8; At first reading the

hypotheses may appear to have tenuoﬁs links, thzy do, however,
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fall into fcur basic categories connected as illustrated in

the figﬁre 3/1;

FIGURE 3/1 ABOUT HERE

Fig. 3/1 méy be read from left to right énd top to bottom

simultaneously! Thus stérting from the top box, the aﬁfhor
realised that attitudes and their infldence on the effectiQe-
ness of pedogogic practice gaQe rise to é Qériety of possible
relétionships. These in turn stimﬁléted thoﬁght in four

specific éreés; (éttitﬁdes, factors of éttitﬁde, etc;) which
By means of a feedback mechénism refined the four areas as
shown in the diagram to fécilitéte the writing of specific
hypotheses; Finally, the reseérch identified certéin new

relétionships as indicéted in the right hand box.
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4.1.1. Having delineated the research hypothesis in Chapter 3, and
considered the rénge of possihle methodology, it becéme
;mperétiQe for the prdcticél problems éssociéted with the
methodology to be confronted énd sol&ed if the reseérch wés to

progress.

4.1.2. Notwithstanding the existence of a substantial body of
literature describing repertory grid techniqﬁes, épplied in a
Qariety of settings, (Bénnister and Méir 1969 et éli the
reseérch hypothesis demanded 5 sensitiQe énd ﬁniqﬁe épplicétion
of Kelly's original grid technique in order to identify the

| pedégogic profiles of effecti&e énd ineffecti&e physics teachers,
_as defined and described by each cléss of respondent. In
échieQing this objecti&e the aﬁthor wés compelled to reconsider
repertory grid theory in order to ensﬁre thét Both the
application of the theory, éna the subseqﬁent énilysis,
proQided outcomes which would pfer to be an Qpprcpriéte meéns
of inﬁestigating the stated hypotheses; These oﬁtcomes are

described in Chapter 7;

4.1.3. Unlike repgrids, which date their origin és recently as 1955
(Kelly 1955), attitude scéling hés been én éreé of intense
actiQity for psychologists for mﬁch longer; Such progress
éppears to ﬁa&e been méde that the reader might énticipéte the
selection of an attitude inQentory sﬁitéble for the research
would prer relétiQely stréightforwérd; Initiélly the author
shared this view until a detailed énélysis of the literature

proved such optimism ill founded, for, upon closzr examination,
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the literatﬁre pro&ed to be fér from conclﬁsi@e in its
appraisal of existing instruments, mény of which appeared to
exhibit some weéknesses; Such a review of the literature
associated with attitude measﬁrement pro@ided the e;idence
which rendered it necesséry to deQelop 5 new éttitﬁde to-
physics in@entory for the reseérch; The need for the
deQelopment of a new instrﬁment is Eésed on the criticism of

other instruments in paragraph Q;Z.

4;2.1. InQestigation of the reseérch hypotheses demands thét two
sets of people be identified from each cétegory of respondent,
consisting of persons with negéti@e énd positiQe éttitﬁdes to
physics reSpectiQely; It follows, therefore, that whateQer
attitude in@entory was used it had to be cépéble of
identifying persons with negétiQe dttitﬁdes, as well as persons

with positiQe attitﬁdes, towards the“discipline of physics.

4.2;2. It might appear that any scéle cépéﬁle of identifying
* respondents who héQe a positi@e (sﬁppose these respondents

score high) mﬁst of necessity identify those with é negatiQe
éttitude, (i.e. those respohdent$ who score low on the scélej;
Whilst this may be the cése, one cénnot Be certéin that it is
so, as the distinction is in fact only Between respondents with
a positi@e éttitﬁde to physics énd those respondents who do not
exhibit a positiQe éttit&de, It does not follow that those who
do not haQe a bositi@e éttitﬁde héQel of necessity, 5 negéti&e
attitude. An exémple illustréting this point is the merchént

néQy cadet who is compelled to stﬁdy physics in order to péss
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his Second Métes Examinétion. Host students of this cétegory
faii to see the relevance of such a reqﬁirement,(perhéps due to
inéppropriéte curriculﬁm content or poor teéchingiﬁénd woﬁla
certéinly fail to score highly on é scéle where high scores
indicafe positi&e éttitﬁdes to physics; ..For most of these
stﬁdents, howe&er, it would be eqﬁélly ﬁnlikely for them to

= score highly on a scale where high scores.indicéte negéti&e
éttitudes to physics. They exhibit é neutral attitude
frequently sﬁmmed Qp by comments like: '"Physics is a
necesséry eQil, I don't see why I need to do it, but I
eqﬁélly don't haQe anything égéinst it." A scéle designed to
fulfil the reqﬁirements of this research woﬁld positiQely'
identify some persons who have a positi&e éttitﬁde to physics
énd at the same time positi&ely identify some persons who have

a negative attitude to physics.

4,2.3. Within the constraints imposed by the considerations
described in the preceding chépters, the éﬁthor wés éBle to
reQiew existing mcésﬁres-of éttitﬁde, extending sﬁch an inroéd
into the literétﬁre-beyond éttitﬁde to physics élone to inclﬁde
generél attitude inQentories énd éttitﬁde to.science sééles;
Clearly the adoption of an existing scéle woﬁld hé;e resoﬁrce
édQéntéges, and so the reQiew of the releQént literétﬁre was
undertaken with the specific objecti&e of identifying a.scale

sﬁitéble for édoption.
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An appendix is attached reviewing existing inventories.

4.3. The task confronting the éﬁthor,hé&ing generélly reQiewed
éttitﬁde scaling and specificélly attitude to physics
inQentories, was to select or design an instgﬁment suitable for
all three cétegories of sﬁbject from whom dét& was to be

== collected dﬁring the reseérch. The scale must reflect the
style.and effecti&eness of Gérdners scale (i;e; not exhibit ény
of the three kinds of defect discﬁssed in éppendix 15 and
demonstr 'ébly ha@e high Qélidity énd reliability; Needless
to séy it must enéble an inQestigétion of the hypotheses
described as the basis of this research to be ﬁndertéken;

.Sﬁch a scale wés deQised és described in pérégréph 4;4;

4.4.1. The deQelopment of the éttitﬁde inQentory reflected the
strategy édopted by Gardner in deQeloping the PAI (Physics
Attitude InQentory), némely the édoption of Thﬁrstone type
techniqﬁes. The deQelopment wﬁs bésed on Thﬁrstone techniqﬁes
éfter Ondertéking é three phése éppréi;él of whét wés reqﬁired.
Firstly, interQiews were held with_lectﬁrers, stﬁdents énd
other interested persons; These were recorded énd léter :
anélysed to identify implicit or explicit objéctiQes considered
to be important. Secoﬁdly, these objectiQes were trénslated
into cleérly defined constructs. Thirdly, 5 check was
instigéted to ensure that the effects of ény trcétment being
stﬁdied were reflected in the ménner in ﬁhich the instrument
woﬁld measure outcomes. It followed, therefore, that before
these specific techniqﬁes were considered some fﬁndémentél

decisions had to be made relating to the factors to be




identified and the element sample inclﬁded to meésﬁre these

factors.

4.4.2. The factors to be inQe§tigéted ére both limited and
defined by the hypotheses, which it will be recélled;weré
bésed ﬁpon é sﬁbjecti&e éppréisél of the generél relétionship
between students' and teéchers' éttitﬁdes to physics and

perceiQed pedégogic style;

Specifically four attitudinél féctors ére seen és importént by
the éuthor héQing considered his preliminéry inter&iews: -

(ai Exanm orientaéion. (A high score on this factor would
identify resbondénts who belie;e thét pedégogy shoﬁld primérily
éim towérds the stﬁdent grodp péssing exéminétions‘réther thén
their leérning physics for physics' séke);

(bi Practical bias. (A high score on this féctor would
indicate that the respondent belieQed thét the pedégogic
experience should result in leérning based on demands
alternated with the practicél use of physics in the 'real
world'® réther thén a purely theoreticél b&sis);

(¢} Intrinsic Moti&ation. (A high score on this factor
woﬁld indicate that the respondent was intrinsicélly motiQéted
to succeed at physics - for whéte@er reéson; Sﬁch sﬁccess méy
be achieQed by passing én exém S0 thét he need ne&er stﬁdy
Physics agéin, or reéching personél échie@ement goélss;

,(di Personal pleésﬁre from physics; (A high score on

this factor would indicéte that the respondent woﬁld deriQe

enjoyment from his exposure to the pedagogic experience in
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physics, irrespective of performance criteria).

4.4.3. Ha&ing specified the attitudinal féctors to be considered
the author considered the feﬁsibility of combining these
factors to produce an erréll attitude score; If the
correlétion between the factors pro&ed to be high, énd the
reliability of each factor likewise proved to be high also,
then a direct addition could be made to provide a fifth
general éttitﬁde to physics score for eéch respondent;

This énalysis has been undertaken and is discussed in Chapter 5.

Such an instrument would need to Be designed in order to
identify both 'positively' and 'negétively' orientéted
respondents, as opposed to 'positiQely' and 'not positively!

orientated respondents.

4.4.4, The element sample from which the instrument was constructed
was -extensive. Firstly, all of the eight inventories reviewed
in detail were considered. Every individual element from each

inventory was written on a card.

TwelQe judges were then identified,consisting of six teéchers
of &ndergréduéte physics énd six first yeér Gndergradﬁéte
stﬁdents. No attempt wés made to méke the selection of
judges in any way representatiQe, the contréry was in fact the
case. Specific teachers known to Be interested in the
research were approéched,and stﬁdents were inQited to

Qolunteer in the knowledge that extensive work would be
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required of them in their capécity és jﬁdges for Thﬁrstone

type inQentory design. HéQing established the pénel of

Jjudges, they were invited to undertake their first task.

At meetihgs consisting of foﬁr jﬁdges (two from eéch cétegoryi
the pile-of cards were considered in tﬁrn, each for its
releQance to ﬁndergraduate stﬁdents and éttitdde to physics.

If the four agreed the card was éppropriately mérked; if not
the statement was either re-worded (on the séme cérd) or
rejected as irrelevant (and coded éccofdinglyi; At the end of
the exercise the panels of four had Qiewed the originél
elements together with the amendments méde by the preQioﬁs
meetings. All of the cards receiQing Qnénimoﬁs épproQéI

were placed in a pool of 'potentially écceptable elements'§
similarly, all those cards which were not ﬁnénimoﬁsly éccepted
were withdrawn and destroyed. The reméinder,(which it will be
recélled may héve been modified) were considered égain 5t a
sing;e meeting (at which ten of the tﬁelQe jﬁdges éttended)

and again modified to an 'acceptéble' form by the méjority of
those pregent, and nlzced on the pile of 'potentiélly acceptable

elements,' or finally rejected and destroyed;

The -author undertook an exercise to increése the nﬁmber of
'potentiélly acceptable elements' by Qisiting one Uni@ersity

and one polytechnic to address a group of first-yeér under-
graduate students from each institﬁtion; The éﬁthor asked eégh
grddp to undertake two tasks. Firstly, to list the five things:

they liked most about Physics and the five things they liked
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least; and secondly to write a few péragraphs in a time limit
of ten minutes saying why they either liked or disliked

Physics.

From the completed scripts the éﬁthor's wife, {who is not é
Physicist and therefofe unlikely to be biased in identifying

and selecting attitude comments) cérefﬁlly constrﬁcted a pack of
cards, each one carrying an attitudinal comment which had
appeared at least three times from the 124 scripts obtained.
These cards were inclﬁded in the pile of 'potentiélly acceptable
elements.' This pile of cards consisted of 263 sepérate
elements’each possibly related with éttitﬁde to physics;

The judges were then recalled indiQidﬁélly énd inQited to post
each card into one of five boxes. The first four boxes were
labelled with the-attitude factors listed in parégréph 4.4.2.
and the final box labelled 'inappropriéte;'. The instructidns
giQen to the judges demanded thét they consider eéch cérd in
turn éagzotential element in an inQentory intended to measure

one of the four attitude féctors noted on the Boxes.

After each 'sort' a code known only to the author (to preclude
the possibility of other judges following preQious 'sorts’!} was
" entered on each card to identify the box into which it was

pléced;

At the end of twelve ‘'sorts' éll of those cérds which héd been

posted into the same box ten or more times were selected as the
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‘core' element cards for eéch féctor. Eéch reméining cérd was
considered by the author, and a score éssigned to it according
to the consistency of sorting by the jﬁdges. The highest
scoring elements were added to those élreédy cﬁoéen.frhis
prodﬁced four sets of elements} fourteen in féctor A, (Exam
Orientation): eleven in féctor B, (Précticél Orientationi;
twel&e in factor C, (Internél Moti&étionj} énd eight in factor
D (Pleasure from Physicsj. The score c@t-off point wés chosen
in an arbitréry manner giQen that the score mﬁst be consistent
across factors and that the minimﬁm ndmber of 'shortlisted'
elements for each factor should be in excess of the number

ultimately required for the instrument.

The precise.number of elements to be inclﬁded w&s determined
according to a number of criterié; Cleérly the instrument,
which was to form only a part, élbeit én essentiél pért, of the
administration procedﬁre must be cépéble of completion in a
reasonable time, say less thén thirty minﬁtes; An é@erége time
for completion was identified és twenty minﬁtes in order to
fulfil this reqdirement . Josephs (19735 héd shown that great
length and complexity was not a prereqdisite of Qélidity or
reliability, and six of the eight measures identified ag-
cepresenting acceptable design chérécteristics ﬁsed és few as
three elements to measure indiQidﬁél féctors; A sﬁbjectiQe
decision was made by the éﬁthor to identify é totél of twenty-

four elements using Thurstone techniques, six for each factor.

Each of the twelve judges was then invited to consider each
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element in turn, decide whether égreement with the elemeﬁt

constituted a positiQe or negéti@e éttitﬁde to the féctor, and

to assign a score out of ten to indicate how well they |
" considered the element measﬁred the factor concerned in the

direction to which they had assigned it.

Reduction from 45 to 24 elements was méde firstly by rejecting
all those elements where there was not 166% égreement on the
direction of dttitﬁde by the twelQe jﬁdges, and secondly, by
seiecting the six element cérds with the highest composite

score.

b.4.5. HaQing deriQed the content of the inQentory, pilot testing
was undertaken. The format chosen for the inQentory wés to
code each of the 24 elements for soﬁrce (from whence the
element was deriQed), and for féctor (eéch of the foﬁr factors)
and for direction of polarity, (whether égreement indicéted
positiQe or negatiQe attitﬁdei. The in&entory wés printed
with the 24 element sequence randomly ordered,énd for each
factor set of elemenis two subsets of three were réndomly
identified to enable split half reliébility testing to be
undertaken, Likert type scoring was édopted with the
respondent indicating 5, &4, 3, 2 or 1 for eéch element; In

every case 5 indicated the strongest agreement.
Feedback from the piloting, condﬁcted with a sémple of twenty

respondents not representatively selected, proved acceptéble,

{paragraph 4.4;6.) and with minor modifications to the rubric,
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the final inQentory was printed reédy for use (Appendix 2
includes an example). Chépter 6 discusses the énélysis of

data collected from respondents.

4.4.6, HaQing designed the instrument to measure éttitﬁde to

physics.its reliability énd Qélidity needed to be considered;

" An indication of the reliébility of the inQentory could be
obtained by use of the split hélf techniqde; The test
elements were divided into two cétegories by réndom selection,
with the-pro@iso that each factor wés eqﬁélly represented in
each 'half.,’ It would héQe been possible to édminister the
test to a group of respondents and obtéin a numerical Qé;ﬁe for
the reliébility. HoweQer, sﬁch én épproéch wés rejected.

The objection to sﬁch én approéch léy in the reélm of sample
seléction. A qur.ted reliébility of better thén + d.87 might
look impressi@eebut unless the sémple were chosen with the same
degree of care, and within the same constréints as the reseérch
sample, then one could not éssﬁme thét the séme degree of
reliability would be eQident in the sémple used for the main
data collection. Thus when dété was collected, a feliability
coefficient was calculated using the split half method. If the
reliébility had been less than auceptéble, ény conclusions thét
may haQe been drawn would héQe had to be limited in their
usefulness by the reliability of the test. Whilst this
technigue left the author with é certéin émoﬁnt of uncertainty
in his mind ﬁntil the énélysis stége, it did ensﬁre thét any

reliability quotient stated was relevant to the sample chosen
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for the investigation.

Validity, howeQer, needed to be considered in detéil prior to
test administration. The face Qélidity of the new inQentory
was high. Not only did it lock és thoﬁgh it measured what it
should, (the refining techniqﬁes described inclﬁded a face
validity check) but it will be recalled that as the panel of
jddges were reqﬁired to decide on the éptness (féce Qélidityj
of each element, only those elements with high égreement
hetween judges were used. Thus, féce Qélidity wés sﬁpported

by the design methodology;

The content Qélidity likewise was ensured by thé selection
procerre. If ény element recei&ed é wide bénd of responses
frém the judges it wés rejected. Thﬁs eéch element, énd
conSeqﬁently the complete meésﬁre, Is éble to édeqﬁétely
measure four factors associated with éttitﬁde to physics;

The Qalidity of combining factors mﬁst éwéit the correlétion

coefficients between factors; this is discussed in Chapter 5.

If when the data was considered ;the principél factors
identified were to consist of the elements groﬁped together in
the design, when results were factor énélysed, evidence would
sﬁpport the decisions which had been taken. If these
decisions were not sﬁpported by a féctor énélysis then the
'reliability woﬁld hé&e to be recélcﬁléted from é different-
split half with the newly_identified f&ctors eqﬁélly

represented in each half.




The predictiQe Qalidity is difficﬁlt to stéte without a test-
retest format. In mény respects the predicti&e Qélidity
relates strongly to reliébility; Howe;er, if the content
Qalidity and reliability were to be écceptéble then it is
highly likely that a sﬁbject woﬁld respond similériy on two °
different.occasions; (If his attitude in the interim period
has not altered); In the context cf this reseérch the .
predictiﬁe Qalidity was of less import due to the fact that an
experimental sitﬁétion wés not to be Qsed, énd the meésﬁre was
intending only to ascertéin the respondents' éttitﬁde to
physics ét one moment in time, énd not to predict how his
attitude would alter giQen certéin stimﬁli; In the pilot
study a §ery small set of four respondents were re-administered
the inventory two weeks after the first session, the

correlation was + .88).

Concurrent valility is often the only kind of Qﬁlidity
considered by researchers. It represents the wéy ény one
techniqﬁe correlates with énother pﬁrporting to meésﬁre the
same thing. The aﬁthor's detailed considerétion of the
difficulties of content Qélidity of other measures of attitude
to physics, makes him unwilling to consider sﬁch é direct

comparison worthwhile.

The construct Qalidity of the measure wés gdérénteed by the
use of a panel of judges to select the elements’whilst é 'belt
and braces' séfety precéution was built in by virtﬁe of the

féct thét nearly «ll the elements héd been elicited from other
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measures of observable construct validity, or from the sample
of subjects drawn from the constituents who would ultimately

respond to the inventory.

4.,4.7. The inQentory was designed in sﬁch a wéy thét it coﬁld

‘ eésily be completed by first yeér ﬁndergréduéte students.
The reseérch hypothesis demanded, howeQer, thét it shoﬁld be
eqﬁélly sﬁitable for their 1ectﬁrers; A similér strétegy to
thét described in the preceding parégréphs wés édopted to
de§elop 5 paréllel inQentory for teéchers of Qndergréduates‘
HoweQer, considerable difficulties érose,not the least of
which wés the limited number of members of that constitﬁency
which could be célled upon to assist with the de&elopment; An

-alternéti&e approéch wés tested which inQolQed ésking teéchers
to complete the inQentory as they think they woﬁld hé&e
completed it when a student themselves. Follow ﬁp interQiews
with the teachers concerned supported the édoption of this
techniqﬁe and led the éuthor to adopt this épproéch. The
attendant advantage accrued from adopting this strétegy wés the
possibility of directly compéring different groﬁps; éhépter 5
pursues this épplication of the inQentory in relétion to the

data obtained.
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5.1. The research samples from three constituencies) teachers of
first yea£ undergraduate physics students, first year
undergréduéte physics students and teachers (of undergraduates)
who teach disciplines other than physics. An investigation of
the hypotheses demanded that each constituency be appropriately
sampled, énd from each sample subsets of respondents be
identified,eéch of which exhibited a common attitude to physics
(or é féctor of éttitude to physics).in either a positive or a
negétiQe direction; The importance of the instrument designed
to meésﬁre éttitdde'is clear, for if its use provided
ﬁnreliéble or invalid common attitude groups, then no mat£er
how cleérly conclusions could be drawn from the data, the
vélidity énd feliability of the whole research findings would
be limited by these considerations when applied to the attitude

inventory.

The sampling from a universe of potential respondents was of
equal importance: it was not adequate to merely sample
randomly, for random sampling only ensures the absence of bias
and does not ensure representativeness. The sampling strategy
is discussed at . length in Chapter 7, and so in this chapter,
the discussion is restricted to the attitude inventory on the

éssumption that the sampling techniques utilized were adequate.

5.2.1. Reliability of the inventory is first considered. Appendixil
includes a tatle of every respondent's score on each factor of
the inventory, together with a total score corresponding to the
sum of the four factors. (The theoretical implications of

such én addition-are considered in paragraph 5.3.). The six
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elements, identified by the Thur” stone techniques described
in Chapter &4, relating to each factor were randomly split into
two groups of three in order to permit a split half
reliability coefficient to be calculated. It will be
récalled from Chapter 4 that all twenty-four elements were

ordered on the response document in a randem form.

5.2.2. The test-retest method of evaluating reliability yields
information about the stability of rank orders of individuals
over a period of time. A high correlation indicates that
respondents have changed little in relation to the other
members of the sample and that the test measures the same
functions before and after the interval. A low cgrrelation,
however; may mean that individuals have changed in different
directions,or in the same direction at different rates.

Whilst changes in means and standard deviations may assist the
reseércher'in deciding which kinds of systematic changes might
be-téking place, such a method places considerable demands on
him to choose appropriate statistical strategies. Unless
there ére compelling practical reasons for knowing thel
$tability of scores over a time period, this technique is less
than ideal as a measure of test reliability. A further
quection to the use of testi-zcicst procedures in this
research was the likelihood of ‘attitude change occurring
directly a§ a result of involvement in the project, as all
respondents were required to complete a repertory grid,
thereby exposing them to the likelihood of experiencing a

raising of perceptual awareness and perhaps a consequential

77




change in attitude. Having rejected the use of a test-retest
for these reasons, consideration was given to the value of
using the split-half method, provision for which had been

included in the inventory design.

5.2.3. The reliability of any instrument can be defined as the
proportion of the variance exhibited by a set.of measurements
{(in this case obtained by using the instrument with a given
set of respondents) with the true variance. Such a
reliability has restricted applicaﬁility in that a high value
for reliability for one class of respondent does not imply
that the test will remain equally reliable when used with a
different class of respondent. Error theory, which is well
docﬁmented in a Qariety of standard‘statistical handbooks,
(Héys 1973: Thorndike & Hagen 1969) when applied to
reliability és cefined, leads to the conclusion that a
correlation coefficiént provides a most satisfactory means of
measuring reliability. As the data are independent, then the
édoption of Pearson r as a means of computing the coéfficient
is écceptable. WYhilst it is interesting to calculate a
reliébility coefficient for this test as applied to all the
respondents selected for this research, the coefficient so
obtéined is of limited valuo.  The limit of applicability is
determined by the different classes of respondént utilized in
the stﬁdy; the inventory must prove reliable for each Srouva
(Teéchers of Physics, students and other teachers), giﬁeﬁ that

all three will exhibit different characteristics.

The results of the computation are tabulated in Table 5/1.
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TABLE 5/1

SPLIT-HALF RELIABILITY - FACTORS OF ATTITUDE TO

PHYSICS INVENTORY

CLASS OF _ N ‘ SPLIT-HALF LEVEL. OF
RESPONDENT RELIABILITY SIGNIFICANCE
COEFFICIENT

ALL : .
RESPONDENTS 69 + 624 .001
COMBINED

TEACHERS OF :
UNDERGRADUATE 19 + .609 .01
PHYSICS

FIRST YEAR
UNDERGRADUATE
PHYSICS
STUDENTS

33 + 701 .001

UNDERGRADUATE
TEACHERS
OTHER THAN

OF PHYSICS

17 + 509 .05
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Line 1 is included for interest,bﬁt it mﬁst Be noted that even
such a high level of significance (better than .001 level) is
meaningless except where all respondents ére pooled: as such
pooling is not used by the author, this Qalue cannot be cited
in support of 1nstrument reliability. The finél three lines
are, however, of great value. The 1nventory proves
acceptable for use with all three classes of respondent at a
level of significance better than 0 05. The implication of
these significance levels is best observed in terms of
probablllty of error in producing specimen groups, i.e. there
is less than 0.1% chance of a student of phy51cs being
classified into the 'wrong' attitude group, less than 1% for
teachers of physics and less than 5% for other teachers.

The research has specified the .05 level of significance (5%)
in the grid aspects (see Chapﬁer 6) and so an épplication of
the same criteria renders the attitude inQentory acceptable
for all classes of respondent used in the resedrch.

(the: The Spearman - Brown prophecy formula may be applied
with a resultant increase in apparent reliability. Thé
figures quoted, therefore, may be considered conservative in

nature).

In calculating the values displéyed in Téble 5/1, the score on

each half of the total inventory was used. Such computation
is acceptable because no assumption is being made about the

homogencity of the inventory. The arguments of Chapter 4

demand that great care is exercised in determining whether the

four factors of the inventory do measure some super-ordinate



construct (which may be called ‘'attitude to physics'j but, as
yet, no evidence has been presented to the reéder éllowing him
to determine whether or not this is so. In the absence of
such evidence, the test would appear to be homogenous, but if
one or more of. the factors is quite independent of the others,
the inventory would be hetepgeneous in nature. Such

eQidence can, however, be extracted from the data. A
correlation coefficientl(Pearson r has been used) may be
célculated for each factor compared with every other factor
for eéch of the three classes of respondent. “Such
computations having been made, no significant differences

were detected between the matrices for each class of respondent,
so one correlation mafrix wili suffice to indicate all of the
relétionships. Table 5/2 indicates the values obtained-when
the scores for all 69 respondents were ﬁsed in making the

calculation.

TABLE 5/2 ABOUT HERE

me nﬁll hypothesis concerning homogen&ity may be expressed
as:
"There is no significant similarity in the faétors
meésﬁred by sub-sections A, B, C and D from the attitude

to physics inﬁentory."
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TABLE 5/2

CORRELATION MATRIX SHOWING THE RELATIONSHIP BETWEEN

FACTORS OF THE ATTITUDE TO PHYSICS INVENTORY

Preference Practical Intrinsic Pleasure
for ) bias to Motivation from
examination Physics ’ Physics
orientation course
teaching
A B C D
A + 1 - .178 + .112 + .231
* 1
B +1 + .338 - .008
* 2
C + 1 + .503
D + 1

*¥1 Significant at 0.0l level

*2 Significant at 0.001 level
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After Fisher (1965), critical values of r which have to be
exceeded in order to reject the null hypotheses méy be seen
to have the following values for the three specified levels

of significance: -

Significant at 0.001 level r must exceed 0.380

Significant at 0.0l level r must exceed b.BlO

Significant at 0.05 level r must exceed 0.235
Only two cells from Table 5/2 exceed these values, namely C
and D at 0.001 level, and B and C at 0.001 level. One must
conclude, therefore, that the attitude to physics inventory
is an heteroge ;zs scale consisting of four factors which
cannot, with two exceptions, be considered as measuring the
same concept. Thehexceptioné indicate that, for all
respondents considered tegether, the constructs identified as-
‘pleasure from physics' and 'intrinsic motivation' are
likely to be construed as measuring some common, undefired,
super-ordinate construct as are 'intrinsic motivation' and

'practical bias in physics course.'

Care must, however, be exercised as a specification of a

second hypotheses, namely:
"There is a significant difference between the factors

" measured by sub-sections A, B, C and D from the attitude

to physics inventory,"
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féils to be sﬁpporfed in any cell of the métrix,

indicﬁting thét, whilst.the factors must measure independent
constructs, these constructs are associated with one another
By some qﬁality which, whatever one choses to call it, is
certéinly not quantified by the direct.addition of the
scores obtained on each of the four factors. (The name

one might assign to either the super-ordinate constructs or
the linking quality will have implications for the validity
of the scale, but remains irrelevant to a discussion on

reliability).

5.4.1. The validity of the inventory cannot be considered in
isolation,as much of the evidence provided in paragraph 5.3.

is relevant to such a consideration.

The validity of the attitude inventory can be investigated

by searching for the answer to one question, namely:

Is the inventory a valid means by which the research
respondents may be categorized for further

investigation?

As the answer to this question is crucial to further
investigation of the hypothesis, évidence is presented in the
following paragraphs which will lead to a justification of

the use of the inventory for the identification of appropriate

sets of respondents.
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5.4.2. Wo test or inventory may be more Qélid than it is reliéble,
nor may be validity be expressed other thén for a specified
application of the test or inQentory. These two limitdtions
must be imposed upon this consideration of Qélidit&. Firstly,
the following comments apply only to the inQentory when used |
with the sample of respondents selected for this research and,
secondly, the Qalidity cannot quantitatiQely exceed the

reliability quotients expressed in Téble 5/2.

The weakest type of validity is face validity,which is a
subjective qualitative assessment of whether or not the
inQentory measures what it purports to meésure. Most

respondents in this rescarch were asked two qﬁestions in

order to investigate face validity:

(i) Do you think the attitude inventory yoﬁ have jﬁst
completad can measure your attitude to physics? |

(ii) Do you consider that your éttitﬁde to one or more of:
a) Examination orientation in physics teaching
b) Practical bias in physics teaching
¢) Intrinsic motivation in physics teéching
d) Pleasure from physics teaching
could be at all relevant ic how faQourably disposed you

might be to studying physics?

0f the 37 respondents asked these questions, 32 énswered 'yes'
to (ii), and 26 answered 'yes' to (i). One may conclude,
therefore, that between 70% and 86% of éll respondents

considered the attitude inventory to exhibit face validity .
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The questions were deliberately general in nature, as validity
is not an either/or criterion, but a characteristic possessed

by an inventory to a lesser or greater extent.

5;4.3;The next consideration was content validity. In common with
fécé validity, being data-free, it may be conceptualized by
considering it an estimate of the representativeness of the
content of the inventory as a sample of the uniQerse of
possible contenﬁ. Clearly such a definition demands thét
the author justifies the factors which have been included, as
well as those which-have been omitted, and this in turn relies
on a detailed analysis of the literature resulting in a clearly
specified rationale for the content. Such ccnsideration has
been described in Chapter 4;and so it remains only to ensure
that the content validity remains satisfactory for each factor.
The adoption ¢f the Thursteone type techniques described in
Chapter 5 provides the best guarantee of content validity, as
the team of judges have to make individual and corporate
decisions which must be both consistent and under-pinned by
theory in order to provide elements for inclusion in the
inventéry. The author contends, therefore, that the
theoretical rationale.of Chapter 3, followed by the careful
application of Thurstone techniques as described in Chapter'u,
provides sufficient evidence to ensure the content leidity of

the inventory.
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5.4.4, Construct Qalidity is more difficult. Freqﬁently
reseérchers qﬁéntify constrﬁct Qélidity (which is not data-
freei by compéring respondents' performance on the test
inQentory with their performance on another instrument known
to measure the same quality, (Often called concurrent
Qélidity). Previously cited arguments precluded this
strétegy. Firstly, had there been another instrument of
acceptéble Qali&ity the author would have used it in
preference to developing a new inventory. Secondly, evidence
has been provided to question the validity of some instruments

formerly accepted as valid by earlier researchers (Chapter 4).

Alternative approaches are_possible. The whole inventory
may be factor analysed,and the element groupings thus obtained
compared with the predicted element groupings. The
proportions of variance of each element grouping can then be
used to identify a rank ordering of factors. Ideally, such
én approach leads itself to an homogeneous inventory or task,
which, on the reliability evidence in paragraph 5.3., this

inventory clearly is not!

The author had intended to utilize the factorial Qalidity
technique ﬁntil the cmerginyg hcicrogeneous nature of the
inVentory appeared to render such an approach inappropriéte.
Prior commit ment to a technique found to be inappropriéte
pléced the researcher in a less than ideal position, as daté
releQant to the computation of construct validity was not

available for most respondents. Fortunately, however, a’
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finél group of 11 respondents remained and each was asked to
pléce é mérk on each of four scales (corresponding to positiQe
and negative attitudes) for each of the four factors included
in the inventory. Of the eleven respondents, only foﬁr were
e&entﬁélly located in positive or negatiQe sub-groups, but for
eQery one of these four, on every factor for which they were
jidentified as exhibiting a significantly strong attitude,
perfect égreemeﬁt was obtained between their actual responses
on the inventory and their overall opinion expressed on the
féctor scalés. (A subsequent post-data collection study has
' replicéted these findings with an agreement in over 90% of
céses. Interesting though this may be, it cannot be cited as
eQidence for construct Qalidity in the research, as the sample
wés different, although intuitively one is able to accept
findings based on a sample of four with a little more
confidence in the knowledge that a subsequent study has

replicéted these results).

A final consideration of construct validity as relevant to-
this research relctes to the_manner in which the inventory is
ﬁsed. I1f an instrument purports to make fine discriminations
between respondents (i.e. distinguishing between students’
1.0's. so that students may be assigned to eight I.Q. groups,
eéch lb points long in the range 60 to 140), then, of
necessity, the construct validity must be very high. HoweQer,
high construct validity is less crucial when crude
discriminétions are to be madey (i.e. To identify those
stﬁdents, in the preQious example, who have significéntly high

or low I.0.). In this study the author has designed én
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inventory which appears,A(on the bésis of the very limited
eQidence from four respondents) to exhibit high constrﬁct
Qélidity,thus rendering it suitable for making fine
discriminations. Yet, as paragraph 5.5. describeg, the
instiﬁment is in fact used only to make crﬁde distinctions
identifying those respondents who exhibit significantly

positive or negative attitudes on each factor.

5;4;5; The predictive validity of the instrument will haQe to éwéit
replication of the research, although some evidence is
becoming available from an application of the methodology of
this research (see Chapter 11) to suggest that the inventory
can be used to identify certain groups, behaviour patterns for
which may be predicted in the area of preferred pedogogic

practices.

5.5. HéQing established that the inventory designed to measdre
certéin factors o’ attitude to physics is boti reliable and
Qélid, the way in which the inventory is to be used must be
considered. Chapter 7 contains a description of how the
-respondents were selected; this section describes how the
performance by these respondents on the attitﬁde inventory
wés considered, and how sub-groups of the respondents

exhibiting common attitudes were identified.
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5;5;1. Prior to the application of statistical techniqﬁes to the

‘ dété in order to cétegorize respondents, certéin checks héQe
to be made to ensure thdt the statistical techniqﬁes chosen
ére épprOpriéte. In order to éimplify sﬁbseqﬁent operétions
the data were considered to be normally distributed. Clearly,
sﬁch én assumption needs to be justified. The author used the
102 Peérson goodness-of-fit test for each fTactor and for each
class of respondent as a means of determining.whether the
groﬁp in question were distributed normally. The null

hypothesis may be stated:

There is no difference between the sample score
distribution under test and a normal distribution at

the 5% level of significance.

In order to reject the null hypothesis, the computed value of
’}52 must exceed the tab_ulated value. of 7/2 for a specified
level of significance (6.05) and an appropriate degree of

'freedom.

Although the distribution of scores is continuous, it is
necessary to think of the population as grouped into a finite
nﬁmber of distinct class intervais when applying Pearson 1&2
test. Furthermore, it is necessary for the expected number of
respondents in each interval to be relatiQely large, certéinly
greéter than, or equal to, five. It should be noted théf én
érréngement which spezcifies interQal length in order to seqﬁre

one common expected frequency of respondents refers to the
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Eogﬁlétion distribution, (not the sémgle popﬁléfibnj which is
éssﬁmed to be normél under the nﬁll hypothesis, énd thét the
choice of cléss interQéls wés méde before the dété ére seen.
The arrangement described is, however, qﬁite.érbitréry énd any
number of class intervals may be chosen. Whatever number be
chosen the intervals will be of uﬁegual size in order to give
equal probability of expected frequencies per interval. It
would be perfectly acceptable to select some arbitréry class-
interval size in z score terms, and allow the probébilities to
be unequal. The method used exhibits two édQéntéges: it
mékes derivations from normality either in the middle or end
of the range to be more casily detected a$ well és simplifying

the computations.

w2 - -8B’

The formula used is: £

with (J - 1 - x) degrees of freedom

where:

0 is observed frequency in interQél J

m
fte
(%]

expected frequency in interval j

J is number of interQals chosen

x is the number of parameters estimated.
(In this case ™M the mean, and T the
standard deQiation of the sémple, ére
used as estimates of M & ¢T“for the
populétion, and so x will élwéys be two

in this analysisi;
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The first stage is to compute means and standard deviations
for each group of respondents on each factor. Table 5/3

contains the results of such calculations.

TABLE 5/3

The means and standard deviations of groups of respondents

on each factor of the attitude to Physics inventory

FACTOR FACTOR FACTOR FACTOR
A B c D
1
~ TEACHERS : H 21.90 20.95 20.53 18.53
OF
] }
PIYSICS v g™ || 2.85 4.36 3.70 | -2.7%
1 - - .
|
STUDENTS : M 20.03 21.55. 21.46 18.91
OF
1 .
PHYSICS L6 | 3.5 4,02 4.62 4,74
I
TEACHERS t M 19.82 21.12 17.88 17.29
NOT OF ;ﬁ ‘
[ o .
PHYSICS | & 3.73 4.09 .33 4.70
]

Within the limits imposed by the criteria of group size and
number values of‘ﬁlz may be calculated. Table 5/4 indicates
the critical values of‘j} and whether or not the null

hypothesis is rejected.
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TABLE 5/4

Cells marked with an asterisk represent group responses

which may be considered to be distributed normally, i.e.

the null hypothesis is rejected.

FACTOR { FACTOR | FACTOR | FACTOR
A B - C D '

F;i :critical
PHYSICS  |x°
TEACHERS ) d.f
N = 19 Iy
[
: .

PHYSICS Ve
STUDENTS ! d.

N_: 33

critical
OTHER £2
TEACHERS | d.f
N = 17 J 4

e amy m— G w——

The null hypothesés fails to be rejected in any cell when
working at the .05 level of significance. Thus all the

sample distributions may be considered normal.
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One example calculation follows to illustrate the method

édopted.

Students responses to factor C.

Respondent No. Score on C. Respondent Mo. "Score on C.

2018 21 1058 30
2020 18 1059 20
-3021 12 14060 25
3022 20 5061 23
3023 18 5062 18
3035 25 5063 16
3036 20 5064 16
(OB 23 5065 ag
1049 © 25 5066 26
1050 25 5067 11
4051 21 " 5068 19
sos2 24 5069 »1
4053 22 : 5070 15
T 28 5071 22
4055 27 5072 16
4056 21 5073 30
4057 22

MEAN = 21.46

G = 4.62

N = 33

No. of groﬁps J = 6 (i.e. aQerage Nj = 55
Degrees of freedom = 3

Value of’ﬁl2 to be exceeded in order to.reject null
hypothesis is = 7.8 (0.05 level of sig.)
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Maving decided (an arbitrary decision) that there will be

six interQals, they may be diégrémmed. (See fig. 5/5).

FIGURE 5/5

"7 scores and their conversions

TN
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Intervals and frequencies table

InterQél Expected Observed fd - Eiz (b - ESZ
: frequency  frequency E
3 0

0.00 — 16.840 5.5 .5 .25 .05
16.861 — 19.430 5.5 5 .25 .05
19.431 — 21.460 5.5 7 2.25 41
21.461 — 23.490 5.5 5 .25 .05
23.491 — 26.080 5.5 e .25 .05
26.081 — ©© 5.5 5 .25 .05

N = 33 N=33 2o0.66

X2 = 0.66

d.f = 3

In common with all other similar calculations, the value of

2

X~ falls short of the critical value and so the distribution

may be considered normal.

5;5;2; Due to the nature of the repertory grid usage planned
(Chépters 3 and 5 refer) only small groups of respondents ére
reqﬁired who exhibit common, and strong attitﬁdes to eéch
féctop; Foﬁr to six respondents in each c;éss wds considered
éo be én ideél group size. However, the séme criterié must
be épplied to eQery class of respondent, énd to permit cross
groﬁp compérisons.' Whichever criterié for selection were

édopted, the numbers of respondents félling into eéch sub-
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groﬁp would be expected to Qary, pérticﬁlérly és N for eéch
cléssificétion of respondent wés different; Sﬁch Q&riétion
méy be minimised by bésing the cﬁt off points in the normél
cﬁrQe ha&ing first shown eécﬁ groﬁp méy be considered to be
normal.  An érbitrary decision to try 26% from eéch end of
the distribution prerd most accépféble. In fact the 21.19
énd 57.62 percentiles were chosen (after Fisher 19725.

Figﬁre 5/6 indicates the percentile points with corresponding
scores for each group on each factor together with the
number (N) of cases identified as falling into the group thus

formed.

FIGURE 5/6 ABOUT HERE

Appendix includes a table itemizing the actual respondents

contained in each attitude grouping.

5.5.3. .By adopting the techn ique described, the attitﬁde inQentory
prerd suitable as a means of identifying a total of twenty-
four groups of -respondents, eaéh groﬁp exhibiting é strong
(the strongest 20% of all respondents of the same cléss)
pusitiQe or negatiQe attitude to é factor attitude to physics.
These groups became the compérison groﬁps ﬁsed, together with
the repertory grid described in Chépter 6, to inQestigéte the

hypotheses previoﬁsly specified.
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FIGURE 5/6

The percentile cut off points and corresponding scores for

eéch groﬁp of respcndents on each attitude to physics factor.

T T

G F| 21.19 percentfle 57L62 percentile
R Al 21.19%.0of most 21.19% of most
0 c| negative i positive
U T | attitude attitude
P 0| respondents respondents
R [
v 2L
Negati&e attitude| N PositiQe éttitﬁde It
Range of scores 1 Range of scores
A < 19.62 3 Y 24.18 4
PHYSICS B < 17.45 5 > 24,45 4
TEACHERS C < 17.57 4 > 23.49 5
D < 16.34 51 > 20.72 A
A < 17.16 9| > 22.90 7
PHYSICS B < 18.33 7| > 2477 9
STUDENTS c < 17.76 5 > 25.16 6
D <15.12 6 N 22.70 9
A < 16.8% 2| > 22.80 3
OTHER B < 17.85 3 > 24.39 5
TEACHERS C < 14.42 4 > 21.34 3
D < 13.53 s > 21.05 3
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6.1.

6.2.

This chapter considers grid methodology from é Qser‘s
perspectiQe. Chapter four delineated the rétionéle for
adopting a grid based methodology} in this chépter thét
foundation is built upon to illustrate how the édthor hés Qsed
the grid as a means of gathering data releQant to the

hypotheses.

Given the general description of the kind of data which may be
elicited using repertory grids, {previous chapter), one cén now
direct attention to the way in which that task méy be under-
taken. For a description of a typical way (it will become
evident that grids may be used in an infinite variety of ways)
of using grids one can do no better than quote Kelly's ocwn

words.

"Methods of Assessing Personal Constructs"
g

"Perhaps the best place to start the discussion of
methodology is with the description of = particular
technique. Then, later, T can attempt to describe the
broader methodolegy of which this technique iz a
particular example.

Suppose I were to give one of you a card and ask ycu to
write on it the name of your mother. Then I would give
you another and ask you to write the name of your father.
On a third you might write the name of your wife, and on a
fourth the name of the girl you almost married - but
didn't! We could continue until you had as many as twenty
or thirty cards, each showing the name of a person
important in vour life.

Then suppose I should select three of these cards, perhaps
the ones of your father, your mother, and your boss or
supervisor. Suppose [ should ask you to think of some
important way in which any two .of them seem to be alike and
in contrast to the third. W¥hat will you say?. Perhaps
you will say that your mother and your boss have always
seemed to know the answers to the questions you asked but
that your father hesitated or told vou to seek out your own
answers.

160




How, if this is a distinction you can apply to your father,
your mother, and your boss, can you extend it also to the
other persons vou have named? Ycu probably can. The
important fact is that as you apply it to person after
person you are not only characterising those persons but
you are also providing an operaticnal definition of what
you have in mind. Applied to enough persons this
operational definition provides a more extensive definition
of a particular channel of your thought than do words you
may use to symbolise it.

Now, suppose I select another three cards, perhaps the ones
with the names of your mother, your wife, and the girl you
did not marry. What about them? Is there an important
way in which two of them - any two - differ from the third?
. Perhaps you will respond immediately by saying that your
wife and your mother are loving but that the girl you did
not marry turned out to be harsh.

And how will you extend this personal construct to the
other persons who are important in your life?  How let me
suppose - for the sake of this discussion - something which
I doubt would be true of anyone in this audience. Let me
suppose that each person you characterise as 'loving' is a
person.you have previously characterised as ready to answer
your questions, and each person you characterise as 'harsn’
is one you previously characterised as sending you off to
look for your own answers. Suppose this were true in case
after case, on out to infinity. What could we say then?
Would we then be ready to say that the two constructs were
identical in everything but namz2?

Not quite! In our illustration the two constructs have
been applied only to persons as whole entitics. There is
still the guestion of whether the constructs are applied
identically to the separate acts of pcrsons. To go even
further, this suggests that, in gencral, the equivalence of
constructs is determined by their similar application to
all types of events, not merely to human events

Morecover, we need also to make sure that both constructs
occupy exactly the same range of convenience. That is to
say, can the first construct in my illustration - the
response-rejection construct - be applied to all the events
to which the second construct - the loving-harsh construct
- can be applied; and, of course, vice versa? If theile
are some evenls that can be classified by the persci as
responsive or rejecting but which he cannot treat in terms
of lovingness or harshness, then the range of convenience
of the two constructs are different and the constructs
themselves are therefore not quite the same.

All of this is a mathematical or logical problem and it

leans to the formulation of one of the theorems underlying
personal construct theory. Since, however, this paper is
more concerned with the methodology of personal construct
theory than with its mathematics, I shall limit myself to
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pointing out mereiy that such propositions exist.

Let us return to our deck of cards. Ye can represent the
data produced so far in a flat matrix with events - in this
case the names appearing on the cards - ranged along the
top from left to right, and with the constructs ranged
along the side from top to bottom. The entries in the
matrix are single digit binary numbers, indicating simply
whether the event is regarded one way or the other in terms
of the construct. For example, if you regarded ycur
mother as loving, this particular datum would be
represented in the matrix by the numeral 'l' in the first
cell of the second row - below 'mother' and opposite
'loving-harsh.' If you regarded vour father as harsh the
numeral '0' would be entered in the next cell, etc.

Mow we may go on to expand the matrix until it is large
enough to give us a stable idea of how the person construes
his world. Starting with different triads of cards we can
successively produce row after row of matrix entries.

This is not an interminable undertaking. Expericnce shows
that only persons with the most complex or schizoid out-
looks require more than twenty or thirty rows to express
their repertory of constructs. Repertoires used in every-
day affairs are gencrally quite limited, and, especialiy so
it appears, among those who prefer to act rather than
reflect.

As you can see, the matrix can be factor-analysed to sez tn
what extent the person is employing a varicty of constructs
on only a few constructs masquerading under different names.
We can examine the columns in the matrix to see which
figures in his life are viewed as similar to others, or
whether, indeed, there is any great varicty perceived

among them ..... .-

But let us turn away from the particular kind of matrix we
have described - which, after all, is only cne example of
the application of the methodology - and look at other
kinds of personal construct matrices. Suppose, instead of
asking you to write the name of a person on each of the
cards I gave you, I would ask you to list an important
experience you had had. Suppose, for example, I asked you
to think of your wedding and make a note of it on the T:rct
card, On the second card you might note the occzsivn when
you had a serious quarrel with your parents, on the third
the time when you believed vou were near .death, on the
fourth the ceremony at which you were awarded your
university degree, then the meeting when a paper you
presented was most severely criticised, and so on. .Then
suppose you were to construe these events, three at a time
as you did the persons in your life, and thenextended the
constructs to all the other events you had mentioned.

This would generate another kind of matrix whose columns
and rows, as well as its verbal content, cculd be analysed.
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6.3.

6.4,

Some resecarchers have used the methodologv to come to an
understanding of how a young perscn, confronted with making
a vocational choice, views the different occupations and
professions open to him. Others have used it to .analyse
personal factors in job dissatisfaction. Some have
studied changes in the construing .process during a .year of
university training, and others have studied similar
changes during psychotherapy."” (Kelly, 1955)

The adaption of Kelly's method described in his own words in
parégraph 6.2. into the format used by the aﬁthor, félls into é
nﬁmber of sepéréte éreas. These are listed below. (The
nﬁmbers in parenthesis indicate the pérégréph number in which

the point is elaborated).

Purpose and function of the grid {6.4)
Size of grid (6.5)
Element Sclection (6.6)
Construct Selection (6.7)
Scoring system (6.8)
Anélyses {(6.9)

Administration procedure, Reliability and

validity (6.10)

In order to investigate the specified hypothese (Chapter 3),

an instrument was required which permitted aspects of

pedagogic practice to he identified and classified into
'teaching profiles,' for both indiQidﬁéls, and groups of
respondents identificd as exhibiting 5 common attitude to one
or more factors of attitude to Physics. In deciding to adopt
a methodology bésed on attitude scaling and the repertory grid,

the author chcse a cognitive stance which did not impose onto
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the popﬁlétions being sthied ény behé?ioﬁrélly specified
pedégogic préctiées; The onﬁs wés, insteéd, pléced on the
representétiQes of those popﬁlétions to generéte their own
criterié perceiQed és releQént to the cléssificétion of
teéching; An exémple dréwn from the medicél profession might
clérify the wéy in which this stance pléced the onus on the

respondent rather than the researcher.

A medical doctor, upon first meeting a potential patient in his
consulting room, may adopt cne of two strategies (or some
amalgam of both). He might 'pass the time of day' with idle
conﬁersation whilst systematically applying tests to the client
in order to ascertair what is wrong with him. Alternatively,
he may ask the direct question ‘what appears to be wrong with
you?' In the latter case, the client is identified as the
expert, for only he "knows" what is 'wrong,' the tésk for the
doctor is then tc translate a non-technicél non-specific
description into a class of illness to which a standard remedy
may be prescribed. Clearly the ménncr in which the doctor in

my example frames his questions will expedite diagnosis.

The author used the repertory c¢rid as é systematic way of
Goxing questions about physics teaching in general énd
specifically regarding perceiQed effectiveness of thét
teaching. The grid method can be used in order to proQide
composite 'pictures' of effecti&e physics tcéching és perceived

by the classes of respondents identified in Chépter S.
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The particular decisions which had to be taken in order to use
a grid based method to achieve this end are described in the

following péragréphs.

A construct must not be confused with the verbal label which
méy be used to name it, some constructs méy not be Qerbally
symbolized whilst others mdy be Qery inédeqﬁétely named by
words. ProQision mﬁst, howeQer, be méde for the respondent to
write some chbal representétion of his constrdct. The grid
formét ﬁsed reflected common préctice émongst mény users of the
technique by consisting of colﬁmns of elements and rows for
constructs with é space mode aQaildble for the construct
description in each row. The size of grid is the first
Qériéble needing to be estdblished. There is eQidence from
Kelly (1955) and other reseérchers to sﬁggest thét respondents
rérely need more thén 20 spéces for constrﬁcts; The éuthor
therefore édopted 20 as the nﬁmber of constrﬁcts spéces (no.
of rows) on his grid. In the sﬁbseqﬁcnt datd collection
phése of the resedrch many respondents foﬁnd it difficult to
progress beyond twelQe to fiftcen rows énd there is eQidcnce
to sdggest thét those who did 'fill' the grid freqﬁently used
Qerbél descriptions for constrﬁcts towdrds the end of the grid
which were on the sﬁrféce qﬁite different to those Qscd
eérlier,bﬁt which cqrreléted Qery highly with previously
specified censtructs. One cén conclﬁde, therefore, that in
selecting 20 és the nﬁmber of constrﬁcts permitted in the grid
the author wés inikely to be limiting ény indiQidQél

respondent's exploration of his total component space with
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6.6.1.

respect to the element sémple. There is less gﬁidﬁnce from
the literﬁtﬁre in selecting the nﬁmbcr of clements for
inclﬁsion; Cleérly the elements need to representétchly
sémple the constrﬁct spéce of eéch respondent (sce pérégréph
6.6), Bﬁt eqﬁélly importént is the need to keep the grid
completicn time within reasonable limits; SUch conflicting
deménds méy be considered in relétion to other reseérch
condﬁcted Qsing grids. An érbitréry choice cf 20 elements
seemed éppropriéte for é nﬁmber of reésons. Sﬁch é nﬁmber
prodﬁced é symmetricél 25 X 20 grid which coﬁld be completed
within é 2% hoﬁr time limit by the méjority of reéspondents.

The chinces of 20 elements rcpresentétiQely sémpling the
component Spéce of eéch respondent was high, énd in ény eQent

é check coﬁld be méde for eéch sﬁbject}énd if the sémple prerd
to be QnrepresentétiQe Tor him thét dété coﬁld be excluded from
the final analysis. The grid format thus decided, the
gréphicél léyoﬂt coﬁld he finalised énd grids printed.

Appendisz includes a copy of the grid format usecd,

Adopting a grid ~ased mefhodology permits ccnsiderable
autonomy to the researcher in selecting the elements he
proposes to usec. Some examples of different classes of
elements which have been used ére: photogréphs of people

(Bannister 1962), sténding models (Salmon 1976), situations

(Frénsellé 1972), occupétions (Shﬁbséchs 1975}, and mény

others. The author, in his endeavour to identify aspects of
pedagogy, decided to choose teachers,and as the pedagogic
practice was to be specifically related to physics teaching,

these teachers were to be of that discipline. (Subsequent
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reseérch hés shown sﬁch discipline bésed concern to be less
importént than the éﬁthor thoﬁght ét thét time: Keen & Hopwood
1978)); Certéin criterié mﬁst be épplied to element selection
which limits the reseérchefs éﬁtonomy; If constrﬁcts reléted
to physics teéching ére to Be elicited, then the elements must
fécilitétc sﬁch elicitétiOn by enébling discriminétions to be
méde between tridds selected from the element éémple releQant
to pedégogic prdctice; No métter how cérefﬁlly én element
sémple is dréwn from the QniQerse of potentiél clements, there
will be some elements which fall outside the rénge of
conQenience of some constrﬁcts Qsed by some respondents.

There mﬁst thercfore be proﬁision for Any indiQiduél respondent
to indicéte when a constr&ct is inépplicéble to é specified
element, énd such proQision wés inclﬁded in the grids used by

the author (péragréph 6.8;5.

The elements, as has already been implied, need to be
representétiQe of the uniQerse fﬁom which they ére dréwn.

Thﬁs the twenty physics tedchers identified as elements in the
grid must be represcntatiQG of the uniQerse of physics teéchers.
This appdrently difficult task cén be undertdken in é Qériety

of wéys; the éﬁthor édopted é strétegy which selected
r:prcsentétiQe elements in the ménncr described in péragraph

6.6.2.

6.6.2. The pedagogic practices which required identification by the
grid were those related to perceived effectiveness. The

first three elements were, therefore, easily specified as role



fitles.

A. Self (me és é teécher of physics);

B. The most effectiQe teécher of physics I now know,-
or héQe eQer known;

C. The most ineffective teacher of physies I now know,

or have ever known.

Both the 'effecti&e' énd 'ineffectiQe' elements were reqﬁired
és é mcéns of checking thét pedégogic préctices which
distingﬁished between the self and the effective teacher were
élso criterié which were reléted to effectiQeness. EQidence
will be preéentd léter to show this to be én essentidl check,
és it wés not anommon for sﬁbjects to specify constrﬁcts
(sﬁch ds good diction - poor diction) which, when épplied,
cleérly distingﬁished themselves as being qﬁite different from
either the effectiQe or ineffecti&e elements;hﬁt which
generétcd no éppdrent distinction between these létter two
elements. (The implication being that diction is not a
criterion which méy be ﬁsed to dssess effcptiQenessi Sec

Chapter 9 ).

i‘urther role titles were then used to sample each respondent's

experience of physics teaching. In order to generate these a
_ , ndividuerly :

group of lecturers were asked‘to nominate physics teachers who

were memorable to them for any reason and to add teo the list

produced any teachers known to them and whose teaching is

familiar to them. Twelve teachers undertook this task; all
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the people named or described on all twelve lists could Be

classified within the following thirteen categories:-

1. HMyself.
2. The teacher I now belieQe to be the most effecti@e
téécher of physics I now know or hé@e eQer known.
3. The teacher I now believe to be the most ineffective
teécher of physics I know or have ever known.
4; The most senior physics teécher in my own
-institﬁtion exclﬁding myself; -
5; A teécher who téﬁght me physics ét school;
6; A teécher who téﬁght me physics ét a post school
institution.
7. Another physics teécher, (other thén those listedj,
thét I ﬁsed to know or work with.
: 8. Yet énoﬁher physics teécher, (other thén those
listedﬁ, thét I Qsed to know or work with.
9. My colléégﬁe A.
lb; < My colleégue B.
11. Up to three nondescript
12; persons thét cdﬁld not

13; be otherwise cléssified;

These thirteen categories became thirteen elements in the

proposed grid in the following slightly modified formf




A; Hyself (és é tedchcr of physicsjl

B. The teécher I now belieQe to be the most effecti@e
teéchcr of physics I now know, or hé&e c;er known.,

C. The teéchcr I now BelieQe to be the most ineffécti@e
teécher of physics I know or hé?e eQer known;

D. The most senior physics tedcher in my cwn
institﬁtion exclﬁding myself;

E. Any teécher who téﬁght me physics ét school;
(Exclﬁding ény people némed on pre&ioﬁs cérds).

F. Any teéchcr who téught me physics ét ény post
school edﬁcationdl or indﬁstriﬁl institution
(exclﬁding ény people named on preéioﬁs cdrds).

G. Any other physics teécher whem I Kknow or héQc known
(exclﬁding colleégQES working in the séme institﬁtion
és myself énd ény tedcher dlreédy némed);

H. _As for G.

I. Hy colledgﬁe (exclﬁding ény teécher dlreédy némed).

J. As for I.

K. Add ényone, or leave blank.

L. Add ényone, or leave blénk;

M. Add ényone, or leé@e blénk;

These elements refer to the cclumn headings on the grid

referred to in pdrdgrdph 7.5. énd illﬁstréted in Appendix;l.

Adopting such an approach Lo role title clement clicitation
assists the user in his attempt to produce representative
elements. However, representativeness has two levels of

interpretation. The strategy described is likely to,
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(althoﬁgh the reéder hés not Eeen pro&ided with ény chdence
thét it will), prodﬁce é set of elements representéti&e of the
respondents constrﬁction of physics teéching; It is likely
thét differing respondents will héQe been exposed to qﬁite
different sémples of physics teéching themselQes - it would not,
for insténce, be Qnreésonéble to expect é préctiﬁing teécher and
grédﬁéte of physics of mény yedrs experience, to hé&e Been
exposed to é greéter sémple of the ﬁni&erse of physics teéching
thén é first yeér Qndergrédﬁdte reéding physics. The element
sémple eclicited by the thirtecen role titles listed woﬁld
therefore be qﬁite different in the extent to which it méy
sémple the total QniQerse of physics teéching. Fﬁrthermore,
eéch indiQidﬁdl respondent will héQe named different persons

for eéch role title,rendering ény compérison between respond-

ents quite inappropriate.

Thﬁs to imprch the element sémple SOTC mechénism wds rcqﬁired
which increésed the representéti@eness of the sémple in
relation to the total universe of physics teéching and yet vas
common to all respendents, thus permitting compérisons
between indi@idﬁéls énd groups of indiQidQéls. Elements
consisting of Qideo-téped episodes of physics teéchers in
'éction', which coﬁld be Qicwed by éll of the réspondents,
woﬁld échieée the reqﬁired objectiQe proQiding cdre wds téken
to ensure the episodes chosen were themsel&es cerring a wide

fange of pedagogic styles.

A total of six hours of video-tape was made at a variety of
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locations in Creat Britain, in both Universities and
Polytechnics. The teéchcrs Qidco—téped were initidlly
épproéchcd by the author énd giQen é gﬁéréntee of énonymity.
Artificiélity was minimised in é Qériety of wéys; The éﬁthor
obtéined é rénge of conQenient détes énd times to visit and
Qideo-tépe episodes Trom edch contéct wwho héd égreed to
'Qolﬁnteer;' Filming wés then Qndertdken by 'sﬁrprise' with
no prior wérning giQen. This épproéch pro;ed costly,ﬁs time-
tébles are amended rather more freqﬁently than one might
expect, énd on é nﬁmber of occésions the éﬁthor drriQed to find
the drrénged tedching episode to hé&e been céncelled: Where
Qideo-téping coﬁld proceed, the éﬁthor élone stéyed in the room
with portdble tele@ision cémeréfrecorder Qsing normél lighting
leQels. This redﬁced the tension cdﬁsed by technicians and
lights,but introduced an inevitable loss in quality. Audio
recarding wés fécilitdted by Qsing é rédic micropione cérried
by the tcécher in his pocket énd freeing him from stdtic
microphone positions or tréiling leéds; Findlly, edch session
wés obserQed from beginning to end (with times Qérying between
ocnhe hoﬁr énd foﬁr ho@rs),yet only 26 minﬁtes of film wds taken
of edch encounter.  This selectiQity introdﬁced caiting
sﬁbjectiQity,bﬁt increésed Qélidity és neither the teécher nor
the cléss knew when recording wés éctﬁ&lly héppeninggdnd in
conseqﬁence normal relétionships were Qsﬁélly méintéined with
the éﬁthor being forgotten or ignored soon éfter commencement.
Finélly, ét the end of each session the cléss were intormed of
the nétﬁre of the reseérch, told how the Qideo-tépes woﬁld be
Qsed énd ésked if ény objected to being inclﬁded. The Qsﬁél

guarantee of énonymity was gi&en. MNo group objected,and in
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consequence all the video-tape which was taken could be

In éddition to the six hoﬁrs of ;ideo-tépe recorded
specificélly for the reseérch, the éﬁthor had met colleégﬁes
from other instituticns who pldced at his disposél neérly foﬁr
hoﬁrs of Qideo-téped méteridl reléting to physics teéching.
From the ten hoﬁrs of Qideo—téped méteriél éQéiléble, seQen
(to add to the 13 role title elements in order to reéch the
chosen 26 eclement sdmple size) episodes of such a dﬁrétion that
all seven could he vieved within a time limit of 30 minutes
were reqﬁired. The time limit wés set pértly to ensﬁre éll
seQen episodes coﬁld be seen consecﬁti&ely on one BC minﬁte
tépe, bﬁt more importéntly to limit the time for the totdl
édministrétion sesslion (élreédy 36 minﬁtes éttitﬁde inQentory
plQ; 2 hours 3b mithes grid) to é méximﬁm of three énd é hélF

hours.

Before describing the method used to produce the severn episcdes,
and to check their representativeness, a digressien is required
into grid theory to explain how representativeness may be

tested.

In pérégréph 6.16. the method of grid énélysis isvconsidered ét
length,bﬁt for the pﬁrpose of this exercise it is sﬁfficient to
consider whét a constrﬁct system is, énd how én element méy be
locéted within it. For the reader who reqﬁires a more
thoroﬁgh métheméticél treétment pérégréph 6;10; should now be

read before continuing.
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One can describe an individual's component space as an
n - dimensional hyposphere in which all constructs and all
elements have a unique location. An example may be used to

illustrate the point:

Consider é hypotheticél respondent célled Fred, who, no métter
whét the topic of con;ersétion, endeé&oﬁrs to reléte it to his
pérticﬁlér interest; Ve commonly séy such an indiQidﬁdl hés é
'one tréck mind,' or, to Qse the pdrlénce of grid techniqﬁe,he
coﬁld be considered ﬁni—dimensiondl in his oﬁtlook; If sﬁch é
chdrécter completed é grid where éll the elements were people
in his écqﬁéintﬁnce, énd éll the constrﬁcts reléted to the
conécrsétions he héd héd with them, sOEscqﬁent énélysis might
show only one component to be significént for him. Thﬁs his
n-dimensionél hyposphere becomes é cne dimensionél ccmponent

6r, in pictorial terms, a straight line.

Figure 6/1 illustrates Fred's component space.

FIGURE 6/1

POSITIVELY .. POSITIVELY
IRRELEVANT e b a  RELEVANT
TO MY - f— 4= s—x—r] TO 1Y
'SPORTS! \ 'SPORTS'
INTEREST. CORICIN OR TNTEREST.

POINT OF TOTAL

UNCERTAINTY.
If Fred is primérily interested in 'sport,' his component may
be defined as shown in the figﬁre; E;ery element (person) and
eQery constrﬁct will hd&e é ﬁniqﬁe locétion somewhere on the

line.
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Point 'b' méy héQc been someone who pléys golf énd is
cléssified by Fred és being at this position on the component
in compérison with poiht 'a' which is Fred, i;e; where he
-pléces himself (énother elementj on the componcnt; Point ‘e’
méy héQe been é constrﬁct érising oﬁt of é conQersétion on
cooking which Fred considers irrele&ént to his Qnidimensionél

intecrest. Point 'd' corresponds to total uncertainty.

Fred's brother, Peter, is not unlike Fred. He and Fred share
their sporting enthusiasm, but Peter has a two-dimensional

component space illustrated in fFigure &/2.

FIGURE 6/2. A twc-dimensional component space
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One can look at the same elements and constructs in this new

two-dimensional space.

Peter pléces himself (éj a long WSy from the origin énd 45°
between the two components. He cleérly percei&es himself ds
both interesting énd 'sporty', énd he is Qery confident éboﬁt
this cléssificétion becéﬁse the plot is 5 long wéy from the
origin; The golfing person i is sitﬁéted 45° between the
components,bﬁt neérer the origin; Pefer percei;es him és
'sporty! énd not interesting,ﬁﬁt he's less certéin (neérer thé

origin) than he was for himself.

The third person (d¢) he is uncertain about in relation to the
'sporty' component, as was Fred, but quite sure on the
'interesting' component. The converse s true for the

construct on cooking (e).

The reader will perceive that the exercise may be continued
into 3, 4, 5 or n components,although conceptual difficulty

arises vhen more than three components have to be visualised.

Pro@ided thét the eleﬁents Qsed in é gi&en grid mdy Ee plotted
ants the component mép, the disténce of the element from the
origin will pro@ide 5 good indicétion of how cleérly it wés
constrﬁcted,whilst the distribution of piots will indicate
fepresentétiQeness; This describes the techniqﬁc ﬁsed to
check the representéti&eness of the Qideo elements Qsed By the

author. The technique is, however, not without flaw. The
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element plot bears some strong recsemblances to Heisenberg's

Uncertainty Principle in Physics.

The Heisenberg encertéinty principle is concerned with the
meeserement of the Qelocity end locetion of e perticle or
photon. The wé&e theory of light describes the motions of
photons stetisticellyibet féils to specify in deteil how é
gi&en photon will mo;e; The wé@e theory of metter describes
the probeblc locetion of perticles,ﬁet feils to specify precise
orbits of the kind described by Bdhr; In simple terms
Heisenberg stetes thet we mey, with precision, either know the
locétion or Qelocity of a perticle but not both. The Parallel
the eﬁthor wishes to drew is concerned with element locetions
in component epece. Stetisticel competetions mey be mede on
grid dete?end grephicel plots of the kind illestreted in Figere
6/2 cen be prodeced with eese; They cleerly giQe the precise
locetion of e@ery clement in the respondent's component Spece,
betlsech precision necessitetes the introdection of some
encerteinty regerding how the oEserQer interprets the
respondent’®s element; If this encerteinty is reduced Ey
lengthy, end deteiled, follow ep discessions with the respondent,
then the plot ceeses to De ;elid es the discession will haQe
yeTined the respondent's clessificetion of the element end it
will heQe mo&ed either in his component spece, or elterne—
tiQely, his component spece mey be re-defined. Thus a
ieseércher esing grid methodology mey either know the locetion
of en element in e respondent’'s component spece, or his

construction of the element,but not both.



To return to the main érgﬁment, it must follow thét, gi&en the
limitétions percci&ed within the element plot techniqﬁe, there
reméjns the possibility of Qsing these plots és é meéns of
éssessing representéti&eness; The éﬁthor hés Qsed sﬁch é
techniqﬁe. It should be noted, howe;er, that such a strétegy

' impro&es the chénces of selecting representétiQe element
sémples bﬁt, for the reésons cited, cénnot gﬁéréntee represenf~
éti&eness Qntil the grids have been completed by the

respondents and subsequently tested in the manner described.

The ten hoﬁrs of Qideo-tépe wés ;iewed mény times by the éﬁthor
together with two colleégues skilled in the Qse of microteaching.
(The éﬁthor, together with Hopwood, de&eloped é microtcéching
clinic ét Plymoﬁth Polytechnic, where video dnélysis of
préctising tedchers was Qsed to éssess énd impro&e effectiQe—
ness). From their obser@étions, twenty—seven"clips' were
identified as exhibiting specific bﬁt different teéching styles.
These 27 'clips' becéme the elements of é grid which wﬁs
completed by ele;en &olﬁnteers (who were the same people who
hdd been jﬁdges in the Thﬁrstonc process Qsed to develop the
éttit&de inventory); All the grids were pléced end to end to
form one mémmoth grid 27 elements wide, énd_189 constrﬁcts long.
This grid was énélysed and an clement plot méde; The resﬁlt—
ant component spéce (which was é 3~dimensionél space ét the

.05 level of significénce) was then considerec. Se;en video
'clips' were selected from the sémple of 27 such thét they were
spreéd és evenly és possible throﬁghoﬁt the combined component

space of the eleven respondents. In order to achieve this end
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a rather cﬁmbersome method was used. (Since then a rather
more sophisticéted méthematicél anélysis has been deQeloped);
The 3-dimensionél component spéce wés represented by a sphere.
The projections of all the elements onto the sﬁrféce wés
obtéined from the 3 two;dimensional plots (Components 1 Qs 2;

2 vs 3 énd 3 Qs lj énd pieces of péper glﬁed onto the sﬁrféce
to represent eéch element; The sﬁrféce wés then di;ided into
seQen eqﬁél dreé diQisions and onc element selected from cach
di;ision. Héd dny of the seQen areés been de&oid of elements,
the experiment thus fér would have had to he repeated,és the 27
originél ;ideo-tépes woﬁld ha;e proved de;oid of certéin
pedégogic styles. In préctice, e;ery éreé héd ét leést one
element within it. Vthere more thén cne element wés éQéilable,
then the one which wés constrﬁed with greétest certainty was
chosen; (As decided by its actuél distance from the origin).
Thﬁs seQen Qideo-tépes wvere chosen és the rcméining elements
for the grid design Qsed in the rescérch. It will be o*ser;ed
thét the descrihed method of selecting the Qideo—tapes wés
bﬁsed on the combined component space of cle&en Qolﬁnteer
respondents. The éctﬁﬁl represcntétiQeness coﬁld, therefore,
not be guéranteed Tor éll the respondents. A check wds bﬁilt
into the anélysis which compﬁted the disténcc between clements
for these seQen specific elements; Where this pro@ed the
clement sémple to bc Qnrepresentétive for 5 gi;en respondent,
his grid was not included in the reseérch data. OFf 75
respondents, three héd to be rejected égéinst this criterié.
Péragraph 6;9. expldins how the Video-tépes were Qsed in

eliciting constructis frem respondents.
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6.7.1. The instrﬁment, if to be of vdlﬁe, mﬂst be usefﬁl; it mﬁst
be éblc to be Qscd to embréce the fﬁture és well ds pigeon-hole
the pést; The method mﬁst therefore elicit permeéble
constrﬁcts; Permeéble constrﬁcts ére those to whose context
new clements cén be édded} they are still being de;eloped by
the person és a meéns of orgénising and sﬁmmérising new
evidence or eQents; The first constraint on the design,
therefore, is the neced to elicit these permeéble constrﬁcts.
This, of coﬁrse, precludes the possibility of Qsing only
sﬁpplied constrﬁcts,bﬁt does not prcclﬁde the possibility of
hé@ing a mix of sﬁpplied énd ciicited constrﬁcts. It mﬁst be
remembercd also that repertory grid techniqﬁes ére only én
efficient énd effccti&e wéy of collecting the dété thét coﬁld
otherwise be obtéined by skilled intchiew. (Bannister énd
Mair 12685; The séme céution reléting to épplicébility mﬁst
therefore épply, namely the épplicébility generélly of one
person's Qiew, or indeed the inference that a mén's view todﬁy
will reméin constant; Kelly's theory, howe@er, is cne which
acknowledges the possibility of changes within én indi&idﬁdl ét
é Qériety of leQels; Within some pérts of a person's
constrﬁct system, minﬁte—to-minﬁte or ddy-to-déy fluctﬁétions
dnd cﬁénges méy be common, while other constrﬁctions méy remain
stiﬁle err longer spdns, énd some mdy show little flﬁctﬁétion
across a period of yeéfs.

In the Rep. grid, éhe reseércher cénnot éssﬁmc that the words
used by the sQchct, to describe the constrﬁct discriminétions
he is méking, meén mﬁch the séme to the subject as they do to

hir. This is an assumption underlying all questionnaire and
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rating scalc approaches to data collection.

Sometimes a sﬁbject will proQide the séme word to specify one
pole or another of constrﬁcts deri;ed from different triads.
The rcscércher has to éssess whether the séme word cc&ers é
slightly different constrﬁct, or whether the same total
dimension is Eeing repeéted. In the former insténce, the
construct (inclﬁding both emergent and implicit poles) would be
retéined; while in the létter instance, the sﬁbject woﬁld be
ésked to think of some other dimension of discriminétion between
the figﬁres inQolQed; One of Kelly's méin CONCELNS wés with
the importénce of eliciting personélly significént constrﬁcts;
this mﬁst Ee considered when sﬁpplied constrﬁcts ére being ﬁsed
réther thén elicited constrﬁcts; A.thoﬁgh it secems quite
legitiméte to sﬁpply constrﬁcts or rather labels which, for the
sﬁbjects, méy represent constrﬁcts (after éll we do it eQery
déy when we hold é con?ersétioni, exclﬁsive Qse of sﬁpplied
words seems to negéte the important ideas in constrﬁct theory
noted in the individuality corollary (Kelly 1955).
Intefpretation of wurd labels Qsed by respondents, or indeed én
ﬁnderstdnding of whdt they percei@e és an interpretétion or a
sﬁpplied word lébel, cén often be éided by reference to certéin
méthematicél feétﬁres of constrﬁct links demonstréted in the
grid. \VWhere some constrﬁcts ére sﬁpplied énd others elicited,
then some understénding of the meéning éscribed to the
constrﬁct labels supplied by the exéminer,'in terms of the
sﬁbject's system, cén 56 géined from examining thc métheméticél

relationships between supplied and elicited constructs.

121



This particﬁlér discﬁssion cén Be sﬁmmﬁrised in the stétement
that grid methods do not éssﬁme that the sﬁbject means what the
experimqgér means by pérticﬁlar Qerbal lébels in;ol;ed in the
test - on the contrary, the method is designed to help

ésccrtdin whét the sﬁbject means by particﬁlﬁr ;erbél ldﬁels.
With grid method, it is possible to éttempt én éssessment of

the pérticﬁlar and personél definitions ﬁhich a sﬁbject ﬁttéches
to the words he Qses, By examining the element selections méde
on the bésis of his constrﬁcts, énd by qﬁéntifying the inter-

relationships between these constructs.

One of the original feétures of grid form, which hés been
ignored in more rececnt stﬁdies, is the insistence thét the
sﬁbject specify both poles of each constrﬁct. This problem
pérticﬁlér}y arises when constrﬁcts ére stplied. While the
sﬁppiied emergent pole of é constrﬁct méy be trﬂnslated by the
sﬁbject into his cwn terms, the sﬁpplying of 5 contrést polé
may séddlc the subject with what, for him, ére poles of two
different constrﬁcts, céﬁsing him to work his wéy roﬁnd é
psychologicél corner when rénking or éllotting his elements.
It woﬁld seem éd&isdble to check on the sﬁbject's view of the
contrést when constructs ére being sﬁpplied; It fellows,
therefore, thét in conceptuél énélyses, single dimensions, as
commonly Qsed in grid formét, méy introdﬁce anecesséry
értificiélity; Kelly w&s certéinly éwére of the importance of
aQoiding the limitétions imposed by too concrete a Qsc of his
methods, but the tendency to Qse single-word descriptions of
constrﬁcts is still common in grid work?ﬁlthoﬁgh less so thén

was the case a few vears ago.
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in sﬁmmdry then, it woﬁld éppeér thét there ére éd;éntéges to
Be obtéined from ﬁsing a mixtﬁre of sﬁpplied énd clicited
constrﬁcts; howe&er, when Bi-polér constrﬁcts ére pro;ided the
mis-métch Between the reseércher énd respondents' definition of
thelconstrﬁct can lead to a loss of Qﬁlidity; OQercoming this
problem by the pro;ision of only the emergent pole of 5

construct seems a less than adequate solution.

In this stﬁdy, the éﬁthor hés adopted é techniqﬁe, which seems
to hé&e been little ﬁsed pre;ioﬁsly; Constructs héve not Been
proQided bﬁt insteéd the respondent wés gi&en é list of
constrﬁct lébels which he Eél héQe glénced throﬁgh if at ény
stége he foﬁnd difficﬁlty in fermuléting the péir énd singleton
from the triad; These sﬁpplied constrﬁcts were, of coﬁrse,
bi-polér bﬁt only one pole wés stéted, énd it coﬁld héQe been
either the emergent or implicit poles és the sﬁbject decided.
The list, whilst not exhaﬁsti;e, deliberétely reléted_to those
éspects of pedégogic style often cited By edﬁcétionalists és
Being importént éttribﬁtes cf teaching. (The author élwéys
discﬁssed with the respondent his "égreed" interpretétion of
eéch constrﬁct if reqﬁested. The "égreed" interpretétion wés
Bésed on the notes fbllowing eéch constrﬁct, bﬁt the
raspondent did not héﬁe é copy of these notes iness he
specificélly asked the édministrétor for én explénétion or

definition).
Experience gained in édministering the grid to the seventy-

fi@e respondents in the reseérch has indicéted that for éll but

a few, such a list was not required until after the first ten
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constructs had been elicited.

\

6.7.2. The minimum context card form of construct elicitation was

used; each respondent being presented with triads of elements

and asked to determine some important way in which two were

élike, énd yet, by the same token, different to the third.

The triads were identified by shéded cells on the grid

illﬁstréted in the éppendix; Whilst there are no rules

appertaining to triad selection, a description of how the

auvthor designed the triad seqhence is important.

The selection was partly systematic, partly intuitive and

pértly random! ~ The stages were as follows.

a)

b)

¢)

d)

FIGURE 6/3 ABOUT HERE

Eéch row reqﬁired é'triéd. There ére 21 provided rows and
so 63 cells were ﬁ;éiléble for distribﬁtion;

Logicdlly cach clement shoﬁld be contained in a triéd the
séme nﬁmBer of times énd 50 eéch element wés éllocéted
three cells;

The three reméining cells were éllocéted to the 'myself’
element to encoﬁrége respondents to consider constrﬁcts
most rele&ent to themselQes;

Elements R, S énd T were likely to 5e filled by fewer

respondents and so one cell was subtracted from each and
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FICURE 6/3. A rcdﬁccd copy of grid format with triéds'
marked x.

name :
pair single
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g)

hj

allocéted to F, I énd Jybeing the three elements common

to éll twel@e of the initial pénel ﬁscd in selecting the
element descriptionsL

The finél distribﬁtion Eecdme:;
ABCDEFGHIJKLMNOPQRST
633334633443333333222

In order to facilitate the gcnerétion of new constrﬁcts,

no clement shoﬁld Ee Qsed more thén three times
consecﬁtiQely dnd preferébly rnot more freqﬁently thén twice
in three rows. The exceptions to this generél rile is
where bctwcen—clement compdrisons were to be cncoﬁraged
(e.g. with the Qideo-tépesj or where gréﬁps of elements
could bc identified és héving simildritics, or f&lling
closely together)énd which coﬁld therecfore Ee ﬁsed to force
the respondent to méke finer diStinctions;

Bedring in mind the comments in the pre@ious six stéges,
tﬁc éctudl distribﬁtion wés undertéken in a systemétic
manner with réndom chénges of emphésis éfter rows 5, 12, 15
and 18.

Finélly, it sthid be emphasised thdt it redlly doesn't
métter how the triéds were selected és they ére only Qsed
as é meéns of éiding constrﬁct formétion. It woﬁld hé@e
been eqﬁélly leid to either deél three cérds dt réndom,
or Lo hé@e let the respondent select éﬂl three cérds from
choice, The only éd@éntéges of the system édopted here
ére ....;...i) Eéch element is ﬁsed on éQerége three times.

ii) The procedure is common to all respondents,
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6.8.

In the initial Kelly grid the subject provided his
diserimination between the elements in the first triad, then
the administrator put a tick in the appropriate grid cells for
the two elements which are subsumed by the emergent bole of

the construct, (the emergent pole being the end which.describes
the pair) and leaves the cell relating to the singleton element
blank. He then asks the subject to look at the people named
on all the other cards and classify them as being one or other
end of his construct. The administrator inserts ticks or
leaves blank as appropriate. If the subject finds 1t
impossible to place the element on either the emergent pole or
the implicit pole, then the administrator inserts a cross.

The chcices for the seccond row are recorded in a similar

fashion on the prepared grid matrix.

This whole process 1s then repeated a further 15 or 20 times,
with groupings of three figurcs being used as contexis for the
clicitation of constructs - constructs from the repertoire
(hence the term repertofy grid) which the subject uses to
structure his inter-personal world. The examiner then has
before him a grid of ticks and blanks which formalises and
represents the intersection of various bi-polar construct
dimensions with various external events (in this instance

physics teachers) in the subject's life.
WWhen this style of grid completion is used, a simple form of

analysis, called matching scores, can be used. A matching

score matrix is similar to a correlation matrix in which low
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scores represent positive associations. Onc of the first
variations in the method of grid completion originated from
Kelly. In the variation he suggested that, when a construct
dimension had been elicited from a subject, the person should
then be allowed freedom to classify as many or as few of the
other elements inQolved, as he saw fit, under each pole of the
construct. = This procedure permits the appearance of very
lopsided constructs - constructs where very few elements are
sﬁbsumcd by one pole and many by the other. The problem with
this is thét two censtructs may show a high matching with cach
other (mdtchings calculated by counting the numbers of ticks
coinciding with ticks, and blanks with blanks in a comparison
inQolQing dny two rows) sﬁggesting a positive association
hetween the two constrﬁcts. However, this matching may be

misleading due to the lopsidedness of the response.

Because of the possibility of deriving distorted estimates of
construct relationships when the subject is allowed complete
freedom in his choice of elements (to fit one or other pole of
any construct), a~d because of the mathematical difficultics
inQolQed in correcting these biases, Bannister (1959)
suggested an alternative form for element allotment. In this
form the sﬁbject is required to place half the element sample
at the emergent pole of each construct and the other half at
the implicit pcle. This became known as the split-half form.
(Mot to be confused with any split-half reliability
considerétion which is not applicable to grid theory). As

already stated, in Bannister's split half form, the subject is
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required to place half of the elements at the emergent pole of
each construct, and those which are left afe supposedly
allotted to the implicit pole. Thus, constructs, which Kelly
éssumes to be basically dichotomous, must be used in a scalar
féshion, since the subject is required to grade his elements

to échieQe én eqﬁél apportionmeht. He mﬁst decide which
elements (peop1e5 show the vérioﬁs characteristics specified by
eéch constrﬁct most mérkedly. When the constrﬁcts are being
elicited, this procedﬁre for element 5llotment necessitétes
thét some constrﬁcts be discérded, since some cénnot be used
reédily inrscélér fishion (e.qg. male-femalei. Thi.s procedure
is likely to eliminate grossly lopsided constructs. This prior
selection of constructs seems heneficial from the point of view
of gaining less distorted estimates of construct relatioﬁ—
ships, bdt méy welllrule out the possibility of exploring the
vérious features of construct systems which may be associated

with lopsided constructs.

One immediate effect of the split-half method (with 20
elements) is to restrict the rénge of matching scores to 11
points (as opposed to 21 in the original form) going Qp by

‘steps of 2, from b to Zb.

In a split-half grid with 20 elements, matching scores of &4

and 16 are signifigant at the 1 per cent level, while matchings
of 6 and 14 have a probability of association at the 12 per
cent level. For most practical purposes, métching scores

between 8 and 12 can be regarded as within the chance range.
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This variation demands that the subject mékes decisions on é
hlack/white basis and is not giQen the freedom to perceiQe
shades of grey. As such demands are likely to colour
responses it beccmes difficult to justify the use of this

variation.

A further variation which oVercomes many of the problems
inherent in the split-half method is the rank order form,
Here, the subject is asked to use his constructs in a more
overtly scalar fashion, and to rank the elements from the one
which he considers shows the particular characteristic (indi-
cated by the emergent pole label) most markedly to the one
which shows it least (i.e. that which is most clearly
characterised by the contrast pole). For example, he might

rank the elements from the most intelligent Lo the most stupid.

Any rank order correlational method can then he used to
estimate the degree of similarity in clement placemert on any
two constructs. Since correlations are not lincarly related,
the raw correlation estimates cannot serQe as SLTLES.
Construct relationship scores are calculated by squaring the
correlations and multiplying by 100, thQs proQiding an
estimate of percentage varianca between the two constrﬁcts
represented by two grid rows. Here, significénce levels are
calculated in the usual manner for rank order correlétions,
and, again, the same significancc limits (degrees of freedom
equalling number of elements minus onej can be set to apply to
the whole grid. Where n = 10, the 5% level of statistical

significance {one-tail) is reached with a correlation of
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rho = + or-~ 0.564. However, in grid work, there seems no
good reason why the conQentionally sécred leﬁels of
sigpifiéance should Le given particular importénce, since it
seems unlikely that people, when using their constrﬁct systems,
only make decisions when the probabilities of errors ére 5 in

lbb or less!

This variation, whilst representing a distinct imprerment err
the former, still fails to produce an imprerment over the
original form which is significant enough to merit its
adoption. The principle objection in terms of this research
comes from the demand to rank the elements when it is
conceivable that on some constructs there may well be a bias
which should not be hidden by forced ranking. WYhilst the
.respondent has the freedom to elect twenty equal first, it is
highly unlikely %that he would do se. Where this vériétion
really scores is in its capability to greatly increase the
available range of scores in any‘matching between element

selections.

There are an infinite number of variations to scoring repertory
grids; those described are perhaps the most widely used. The
third and Tinal one to be ccrnsidered has been less ﬁsed thén
either the split-half or rank order forms and yet, as will
become eQident, exhibits the greatest imprerment in
flexibility of the three! It is called the réting form.

WYhen this method is used for element allotment, the sﬁbject is
ésked to rate eéch element on each constrﬁct dimension; The

subject méy be asked to rate each element from "extremely" kind
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to "extremely'" cruel. If a seven point scale is Qsed, the
numbers 1 to 7 may arbitrarily index the émoﬁnt of the
characteristic attributed to each element. AlternétiQely,

if only one pole of the construct is presented, the subject

may be required to rate each element on a scéle ranging from
most kind to least kind. The mid-point rating can be used
either as an average position, or (if appropriate instructions
are given) as a rating to be given in cases where the construct
dimension does not properly subsume the element, i.e. the
eclement may be outside the range of convenience of that

construct.

The ratiny method, on logical grecunds at least, would seem to
offer a number cf advantages. The subject is allowed much of
the freedom of Kelly's original method, in that he can nominate
any number of c]éments he chocses for either pole of any
construct. He is given the opportunity of making distinctions
between people who, in the original methods, might recai?e only
é uniform tick or an equally undifferentiated blank. Although
some fineness of grading is thus introduced, if FSve-or—suQen—
point scales are used, the amount of differentiation required
of the subject is not as great as that demanded by the ranking
method. Furthermore, the subject may give the séme réting to
elements which might be artificially separated by the ranking
method, where generally no ties are allowed, thoﬁgh there

seems no good reason why the ranking method shoﬁld be limited
in this way. These two features together méke it possible

for a subject to placc all the eclements at one pole of a

construct and yel differentiate between them.




As has been illustrated the problem of rénge of con@enience cén
be specifically acknowledged and pértiélly solQed within this |
tvpe of format. Further, lopsided constrdcts need not 5@
excluded from the grid examination. The rénge of possible
scoring methods for this grid form is almost certéinly greéter
thén for any of the other forms already discdssed. Métching
'scores of the type obtained in Kelly's originél method cén
still be derived, and most éorreldtionél techniqﬁes cén be used
to provide relétionship scores of the type obtained with the
rank order method. The aim throughout is to give the subject
53 mﬁch freedom as possible to express his judgements énd to
throw the onus of formalising and quantifying on to post-test

statistical processing.

Any size of rating scale may be acceptable, though fiQe or
seven point scal~s wouid seem to be most satisfactory. The
primary difficulty with a seQen point scale is getting
respondents to use the whole of the scalej whilst 7, & énd 1
ére eésily identified as the emergent, centre and implicit
pole of the construct respectively, the éppo:tinning of 6, 5,
3 and 2 is difficult. It is for this reason thét the éuthor

adopted a five point scale ....

5. The emergent pole of the construct.
1. The implicit pole of the constrﬁct.
3. The mid-point between emergent énd implicit poles.

2 and 4, easily identified as less extreme tendencies. to

one or other of the two poles.
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0. The score inserted when the element cannot be included
on the construct scale.
(The inclusion of 0 does not make this scale a 6 point

scale as 'O' implies that the scale is inéppropriétei.

It should also be noted that respondents will be encoﬁréged to
define the emergent and implicit poles differently,ﬁnd only
revert to the "black - not black" type of distinction when no

other definition is clearly evident,

This can be illustrated by an example:-
Suppose the triad consisted of:-
i) himself
ii) the person to whom he is responsible
iii) a person responsible to him.
Two possible constructs are .....
PAIR (emergent) (i) + (iii) because their priméry function
is teachiny. {(Score 5 each).
SINGLETON (implicit pole} (ii) because his primary
function is not teaching. (Score lj.
Or:
PAIR (emergent pole) (i) + (iiis because their primé:y
fﬁnction is teaching. (Score 5 eéchj.
SINCLETON (implicit polei (ii} becéﬁse his priméry

function is administrative. (Score 1).
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In this case the latter would be a better constructgbecause
not only does it define the similarity between the pair, it

cleérly shows why the singleton is different.

A variety of statistical techniques are available for the

énélysis of the 'rating variation' of grids; the method édopted

for analysis in this research is described in paragraph 6.9.

6.2.1. A number of techniques are aQailable for the énélysis of grids
All the “cluster" approaches to the analysis of grid daté have
as a main aim the extraption of the more simple formal
structure which is obscured by the detail of the original matrix
- they yield a simpler picture, with the inherent Qirtues énd
Qices of simplicity. A number of computer progrémmes are
available which allow for the factoriél énélyses of the grids of
individuals or thé averaged grids of groﬁps. Amongst these are
programmes for principal component analysis. This énélysis
delineates significant orthogonal structure both of constructs
in relation to elements, énd of elements in relétion to

constructs.

In adopting a fi?e point rating scéle for the grids obtéined in
this research, the author incléded the fécility to ﬁse iero és
a sixth point for those elements which coﬁld not, in the Qiew
of the respondent, be classified on the constrﬁct;

Binner (1958) and Cottesman (19625, in stddying Kelly's notion
of constrﬁct permeability, élso encoﬁréged-sﬁﬁjects to m&rk a

zero in the Rep test when neither emergent nor contrast pole
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could be applied to a figure, They used the sum of éll Zeros
in a grid as a measure of the permeability of the conslructs
inQochd. This method of element allotment is similar to
that used by Fjeld and Landfield (1961) and Landfield (1967),
but these writers, like Hess (1959), thought that the measures
deriQed were more relevant to Kelly's concept of range of
convenience than to permeability. The author argues, as
Binner and Cottesman did, that when the zeros in the whole
grid ére totalled, it is indeed permecability which is heing
inQestigated; however, if only single constructs or small groups
of ccnstrﬁcts are considered then it becomes the range of

convenience which can be estimated by the number of zeros.

Of the programmes available to analysc grids, the author
selected a package developed by Patrick Slater with finance
proQided by the Medical Research Council (Slatwr 1972). This
progrémme has weaknesses, some of which may be considered
serious, Particularly weak is the adoption of the Pearson ‘r'
stétistic to compute correlation coificients from data not
wholly independent. The acceptance of a programme with
perceived weaknesses is justified in a variety of ways. At
the time the decision had to be made, alternatives exhibiting
fewer weaknesses were not available. Since then programisz
such as Pegasus (Thomas 1977) offer a more acceptahle
alternative. Resource limitations precluded the possibility
of developing a new grid analysis packagejyand cven if such an
attempt had been made there could be no guarsntee *hat the

production did not exhibit weaknesses in other areas.




Finally, and perhaps most important, was the strength of the
Slater package. Without doubt it did héQe weaknesses, bﬁt
these were of less importance than may be implicd from the
criticisﬁ levelled at the package by researchers in the last
few years. This is exemplified by the experience gained when
the author presented a paper on the methodology to an inter-
national conference (Keen 1977). One delegate séQerely
criticised the conclusions drawn on the grounds that the
analysis, based on Slater's Ingrid package, was invalid. The
critic requested the raw grid data which he ran against his own
grid analysis package. There was no significant difference
between either the element groupings nor consltruct loadings.
Conclusions drawn frem the alterpative analysis were identical
in every respect with those drawn by the author in his original

paper.

6.9.2. The Slater grid analysis package offers seven major
analytical programmes. The author used two only: callad

TNGRID and PREFAMN.

Grid data is obtained by the evaluation of a series of
attributes. So that raw data is in the form of a matrix (aij)
where any entry aij refers to the evaluation of stimulﬁs j and
attribute i. In all of the programmes the stimuli are
referred to as elements and the attributes as constructs in

o
common with the terqblogy used throughout this thesis.

The first programme developed, and central to the whole

package, is JINGRID. This programme is an adaptation of a
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standard principal components analysis,but,in addition,gives
information about the relationships between the elements,
between the constructs and their inter-relationships. It can

be épplied only to single grids.

A group of grids may be formed by one individual completing
grids on é nﬁmber of occasions, or by a group of individuals
completing grids. The suitability of the programmes available
for such analyses depends upon the degree of alignment of the
grids; In this research the grids were aligned by element

but not by c;nstruct. (Only 16 of the 20 elements were

common to all respondents and so a variable format cérd wés
ﬁsed to select only the aligned elemesnts when groups of grids
were compared). The programme used for groups of grids is
célled PREFAN. The appendix contains specific informétion

on the format in which data is presented.

These programmes can be used to analyse grids with not more
than 30 elements or constructs per grid, so the 20 x 20 format

édopted by the author is acceptable for the package.

The programme will analyse any number of in&ividual grids one
after another in sequence. The elements méy be rénked or
graded in terms of the constructs. Grading méy be
dichotomous, i.e. on an all-or-none scale, és faQoﬁred by
original form of Kelly grids; or on a 7-point scéle, (és
fé&oﬁred by users of Osgood 'sehantic differentiél'j or on
percentage scales, or on 5-point scales as in this-reseérch;

Whatever the réting system adopted for evélﬁating the elements,

138



it should be maintained for all the constrﬁcts in the séme
grid,~énd éll the constrﬁcts should include all the elements in
their rénge of conQenience. For insténce, if rénking is used
éll the elements must be ranked in terms of eéch of the
constrﬁcts. Ranking reduces to grading when ties ére

allowed; that is to say, grids with tied ranks are anélysed

as graded.

Each grid is introduced by a pilot card giving, among other
information, the number of constructs and elements, the rating
system used and the options selected for the outpﬁt. So grids
with different numbers, systems and options can be inclﬁded in
the same sequence. Principal component analysis is
incofporated. There is a set of tables at the end of the
output, defining the relationships among the elements, and
between the constructs and the elements in terms of direction
cosines mathematically equivalent to correlation coefficients.
Thus all the assocliations among the constructs and the

eleﬁents ére expressed in comparable terms 5nd cén Be éssembled

and presented in a single table.

The mean and the total variation, i.e. the sum of squéres of
deviations from the méan, are calculated for eéch constrﬁct}
the grand total of the variation for all the constructs (V) is
éccﬁmulated; and the percentage contributed by eéch construct

to V is deriQed.

If the respondent is applying the same grading scéle

consistently with all the constructs, the means, totals and
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percentages per construct will not differ greétly;
Theoreticélly it may seem reasonéble to sﬁppose thét the
constructs in terms of which the respondent cén discriminate
better between the elements will be the ones.which will have
the larger totals and percentages; but in practice the ones
with the larger totals may turn out to be those where the
respondent discrimination is cruder. Elements may then be
pﬁshed out to one extreme of the construct scélc or the other
énd no finer distinctions made - seen for insténce as black or
white with no intermediate shades of grey. Gross differences
between means, totals and percentages are eQidcnces that the
same grading scale is not being applied consistently with all

the constructs.

‘The researcher must decide whether to retain such differences
between the constructs in the later stages of the analysis or
to eliminate them by having the construclts normalised, i.e.
rescaled so that they each have their total variation put
equal to unity. The choice to normalise all scores, at this
stage, in this res=arch was based on piloting experience which
indicated increased face validity when normalising was under-
téken. Respondents who used the grading scale consistently
for all their constructs differ from one énother in the wéy
they used it. Scme avoided both extremes on e@ery scdle}
some gravitated towards one pole to aQoid the other} some
fonﬁred the exiremes and aQoided the midpoint. Such
differences between respondents may bc described by meésures of

bias and variability.
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Bias increéses when more clements ére referred to one pole of
a construct than the other. The difference Betwcen the mean
for the construct and the midpoint of the gréding scéle
measures the amount and direction of the biés in it. The
direction cannot be treated as the same in all the constructs,
since they distinguish between the elements in different ways,
but the amount of the bias can be accumulated for éll of them

and expressed as a standard deviation.

A variance ratio may be calculated from this measure and the
measure of variability, tc test whether the amount of bias is
significant. Using b for bias and g_for variability

Fo=om (b/w)°
where m is the number of clements. F is entered in a tablec of
variance ratios, taking its degrees of freedem as m and n (m-1)}

respectively, where n is the number of constructs.

The test may not throw much light on the psychological
interpretation of the observationyas evidence from ancther
closely related measure indicates that a significant degree of

bias is normal.

Variabhility increases the more widely the elements ére
contrasted on the grading scale. e reéches its méximum when
the elements are evenly balanced at the opposite poles; The
émoﬁnt that actually occurs in a grid is measﬁred by the

standard deviation of the grades about the construct means.

If there is any construct in the grid where every element has

been put in the same grade, it is discarded.
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The breékdown of the totél Qériétion éboﬁt the constrﬁct meéns,
V, into its subtotals per construct is the first of mény gi&en
in the print-oﬁt. A breakdown by element is giQen; és is a

breékdown by component. Indeed, the results of eQery stége in
the énélysis serve directly or indirectly to prévide breékdowns

of V, by constrﬁct by component, by element by component, etc...

\Yhen rénking is Qsed, all the constructs héQe the same meén,
némely (m + 1) f2 where m is the nﬁmber of elementss and the
same Qériétion, (m? - m)/12. So there is no need for their
Qélﬁes to be repeatedly listed for each constrﬁct and no

individual differences in bias or variability are observabie.
The oﬁtp@t for rénked déta and the total variétion ébout the
constrﬁct meéns, V, is aQailéble together with the total per

construct.

Before the énalysis is carried any further, the origindl grid
is replaced by a table of deviations-from the construct means,
D, ﬁhich is not printed out. It may be visualised 55‘5 téble
with é row for every construct and a column for eQery element.
The sum of the entries in every row is 6;6. The sﬁm of their
sqﬁéres per row is displayed in the print odt when rénking has
Eeen Qsed or the option to normélisc the constrﬁcts hés been
téken; Otherwise the sum of squéreS'for eéch constrdct, i;e;
for each row of D, remain anhanged. For the correlations
the Qériénces of the constrﬁcts must be normélised; Thﬁs,
geometricélly speaking éhe constructs are éll éssigned

locations at an equal distance from a common origin, and differ
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only in being placed in differcnt directions away from it.
They lie on the surface of a hyperspherey,and the difference
between any two of them can be expressed as an angular or

circumferential distance: the angle they subtend at the centre.

An angle of 00 corresponds with a correlation of + l.b. It
implies that the constructs are located at the same point on
the hypersphere, An angle of 90° corresponds with a
correlation 0.0. It implies that the constructs are
independent of one another. An angle of»lBO0 corresponds
with a correlation of - l.ﬁ. The two constructs ére located
diémetrically opposite one another: one proQides the same
scale of measurement as the other, but in reQerse. In some
contexts it is an advantage to consider the angular distances
between constructs rather than their correlations: the
éQerége of a set of angles is itself an angleswhereas the
aQerége of a set of correlations is not itself a cerrelation.
So the angle corresponding to cach correlation is printecd out
élongside it; Such measurements can be used for comparing
grids; - For instinc2 it would be possible to compare the
é§erége angﬁlar distances between the constructs 'likc me as I
ém' and 'like I woqld like to be' in the grids of respondents
from different classes, without necessarily using é sténdérd
set of elements for eQery grid or keeping the other constructs

the same.
The entries referrring to each element in the table of

deviations, i.e. the entries in each column of D, are summed,

and so are their squares. The results are listed. The
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cumulative total of all the suns of sqﬁéres is élso printed out
giving the vﬁlﬁe of V, if it wés not giQen preQionly Becéuse
ranking was used or if it was redefined By normélisdtion;

All the constructs have the same total variation Qnder rénking
or normalisation, namely V/n, where n is the number of
constructs. The totals per element are alsc expressed és
percentages of V, and listed with the element totals, opposite

the element number.

The sums of squares for different elements may vary widely. A

small sum of squares implies that the informani's attitude
towards the clement is indifferent: he has rated it nciiher
high nor low but near the mean on all thc constructs.
Conversely if the sum of squares is large the element must be
cn important one in the subject's construct system, whether his
attitude towards it is consistently favourable or ccnsistently
unfavoﬁrahle, or favourable in some respects and unfavourable
in others. A large range of positive and negative quantities
émong the totals iilicates a simple construct system where all
the constructs tend to give conﬁergent results; all rﬁnning,
for instance, from high to low along a common eQéluation scéle.
Put a narrow rangc does not necessérily indicéte d mﬁch more
complicated system: the constrﬁcts mdy all still relate to a
common scalie, only with some running in the opposite direction
to the others. In either case, the elements will differ from
one another mainly in one dimension, which will be the méjor
éxis of the constrﬁct system; Their distribﬁtion élong the

axis must always be balanced about a central point, but other-
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wise it méy take on ény form: it is not dt all Qnﬁsﬁél to find
many elements clustered at one end of én éxis Béléncing é Tew
or only one at the other. In a more complicéted ccnstruct
system the elements may spread out from the CGntrél point in
several directions, the less important individuélly remaining
closest to the centre and the more important spredding fﬂrther
éway. And the distance of an element from the centre is a
function (the square root) of its sﬁm of sqﬁares. If one
salienl clement is sharply distinguished from the rest, the
contrast between it and them may well form the most important
axis in the construct system. For better or worse it sets the
scale or standard according to which the rest are judged; thﬁs
trend-setting has been used to describe it. VWhere such a
phenomenon occurs, comparing the clements will eQidently
provide a simple and clearer interpretation of the grids than
comparing the corstrucis. However, 1in eQery grid both modes
of interpretation arc admissable and may cften be combined with

advantage.

The distances between pairs of elements are worih cxamining as
well as their individual distances from the centre. It is
here that evidence of clustering or isolation will be found.
The expected distance betwecn twe elements drawn from é
construct system at random can be shown to be the squére root
of (2V/(m - 1). This gquantity is displayed in the printout,
dnd the obserQGd distances between éll possiﬁle péirs of
elements are comparcd with it and displayed in é téble of
distances between elements. ObserQed disténces expressed

proportionately tc the unit of expected distance will vary
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about 1 for a lower limit ét O to én Qpper limit ét the
squdre root of m - 1. As this exceeds 2 when m is err 5,
one might expect their distribution to be skewed, dnd
progressiQely more s¢ as m increéscs; bﬁt the effect is
scércely noticeable. The Upper limit cén only be reéchcd
when the entire grid is concerned with the contrést betwecn

two elements, leaving the rest in the middle.

Distances can be used Tor comparing grids in the séme way that
angular distances were formerly used. "Myself as I am' and
'Myself as I would like to be' can, for instance,be Qsed as
elements instead of the corresponding constructs mzntioned
aone. And then the average distance between the two elements
could be used for comparing groﬁps, without necessarily
standardising all the other specifications of the experimental

grids.

In thg course of calculating the sﬁms of squares for the
clements énd the disténces between themgthe squéres énd
products of the deQiations in D are sﬁmmed by el=mznt to form
dn m by m covariance matrix D'D. It is of no direct interest
for interpreting the grid,bﬁt it is technicélly importént as a
central part of the énélysi:. As well és being the source of
some of the pre?ioﬁsly stated resﬁlts, it is the métrix to

wiich the principal component analysis is actually applied.
Like the grid from which it was obtained, the table of

deviations, D, has a rew for every construct and a column for

every element. The typical entry in it, say the one in row 1,
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column 3, is the difference between the réting (gréde or rankj
éssigned to clement J in terms of constrﬁct I, énd the meén
réting of all the elements in terms of I, If the grid shows
the rétings of m elements in terms of n constrﬁcts, D is é
table with n rows and m columns; and in eQery row under eQery
colﬁmn there is an entry, which is é nﬁmber expressing the
difference between the medn rating and the rating found for
the clement on the construct concerned. It is posithe if the
réting for the element is aone the mean, negéti@e if below.
The sﬁm of the entries in eﬁch row is 0.0., as explained
eérlicr, énd the sum of the squéres of all the entries in all

the rows is V.

In terms of Cartesian geometry, the column of entries for an
element giQes its location in a space whecre there is an axis
for chry construct, so the complete table defines Llie
dispersion of the elements as a scatter of r points in the
construct-space, which has n dimensions. The table cén also
be redd by row: the entries fTor a constrﬁct locéte it és d
point in a space with an axis for eQery clement, so the
complete table also defines the dispersion of the constrﬁcts
és a scdttcr of n points in an m - dimensionél element-space.
The Lwo views are strikingly different although they are baih

of the same data.

Principal component analysis is consistent with bath views of
the data. It provides a common co-ordinate system for the two
dispersions and thus establishes the connection between the two

techniques. Its most important advantage, however, is
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different: the components form an ordered series, each
accounting for an independent part of.the total variation from
the largest to the least. In this respect principal component
énalysis is unique. No axes, other than those of the
components, can be used to analyse the total variation in this
orderly wéy} ény rotation of the axes sécrifices the

advantage.

If the elements are given similar réting on a large number of
the constrﬁcts, the main differences between them can be shown
on é single scéle. Their measurements on it cén be found by
édding their rétings on the constructs in certain proportions.
The scéle which shows the greatest amount of variation is the.
éxis of the first component. The amount of variation shown on
it is giQen by the LATENT ROOT, which is a sum of squares
éccoﬁnting for pért of the total variation abeut the construct
meéns, V; The proportions in which the ratings for an element
on the constrdcts should be combined to obtain its measurement
on the scéle of the component are given by a set of coefficients,
one for each of the copstructs, and called the construct vector.

The measurements themselves are listed as element loadings.

This is not the only way of considering the results. The
importance of distinguishing between cértain elements or groups
of elements may gerrn the informant's choice and use of the
constructs included in the grid. So it is just as reasonable
to relate a component directly to the elements and define it in
terms of én element vector, from which construct loadings can

be derived.
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A principal component is completely defined by its latent root,

its construct vector and its element vector.

The latent root is a single numerical quantity which must be

positive or zero; and the sum of the latent roots of the
components is cqual to V.,

The construct vector is a set of coefficients, one for each of

the constructs. It is listed in a column, The coefficients
are normalised, that is to say, scaled so that the sum of their
squares ecquals 1.0,

The element vector, similarly, is a normalisecd scl of

cocefficients, onc for each element. It is also listed in a
column in the print-out, though there are contexts in which it

needs to be treated as a row of numbers.

The elemeﬁt loadings for a component can be obkained from the
element vector by multiplying the coefficients by the square
root of the latent root; and multiplying the coefficients in
the construct vector by the same quantity gives the construct
leadings.  Although vectors and loadings are related in this
simple way they are both printed out as they are cach
particularly convenient for special purposes. If the first
component accounted for all the variation in D the entry in row
1, column J would be exactly equal to the prodﬁct of three
terms: the coefficient of ccnstruct I given in the ceonstruct
Qector; the coefficient of element J giQen in the zlement
Qector; and the square root of the latent root of the
component. So the differences between the obserQed aﬁd the

computed values of the entries in D, that is to say the
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residual deviations, would all he 0.0. And the sum of the
squares of the computed values would be exactly equal to the
sum of squares of the observed values, namely V. In general,
of course, the fit is not exact. Although the specifications
of the first components are chosen to account for as much as
possible of the observed variation inlg,.some non-zero
residuals are almost sure to be left. They form a table,
D(1), with n rows and m columns as before, including any zero
values. The sum of their squares, denoted V(1), is the

residual amount of V not attributable to the first ccmponent.

A second component may then be computed tc¢ account for the
residuals in P(l). Like the first, it is specified by an
element vector, a construct vector and a latent root.

Element loadings and construct loadings are alsc obtained by
re-scaling the vectors so that the sums of their squaces cqual

r~

the latent root, The sccond component reduces V(1) as far as
possible, namely to V(2), which may still not be zero. In
that case a second table of residual deviations D(2), will

still be left, including some non-zero entries; and the

analysis will continue.

Three, four or a good many more components may be needed %o
complete an exhaustive analysis. But it is unusual to find
much variation left in an irdividual g;id after threc
components have been extracted. Perhaps beczuse people see
the world about them in a three-dimensional spéce their
construﬁt systems extending over the same range of convenience

do not usually afford much more than three dimensions for the
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relative evaluation of one set of elements. Osgood is deeply
committed to a particular formulation of the opinion that

evaluative systems are three-dimensional (Osgood 1963).

The total number of positive components, t, is limited by the
number of constructs and the number of elements in the grid.
When the grid is replaced by the table of deviations from the
construct means, D, the dispersion of the elements is balanced
about its central point. If there are only two elements their
relative positions will be defined by two points on a straight
line with the central poirt midway between them, The
relative positions of the points for three elements can be
shown on a surface of two dimensions at most, and sc¢ on.

Thus the maximum number of dimensions into which a dispersion
of m elements can extend is m - 1. And on the other hand as
the number of constructs is n, the construct-space cannot have
more than n dimensions. Sc the dispersion of the elements in
the construct-space cannot extend inte more than n dimensions,

even if m is greater than n.

The construct vector of the major component specifies the
dimension within this space where most of the variation

Letween the eleﬁents occurs; the vector of the second, the
dimension where most of the remaining varidtion occurs

outside the dimension of the first; and so on. The amount of
Qériation is given by the latent root; Dimensions where no
Qariation occurs will be specified by ccmponents with zero
létent roots. 'So t, the number of components with positive

latent roots, cannot exceed m - 1 or n, whichever is the less.
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M. S. Bértlett has developed a test for principal component
énélyses in general, to decide whether the remaining Qariation
éfter é giQen number of the major components have been
extractea is scattered at random over the remaining dimensions.
His test is applied to the data to determine-thé number of
components significant at the .05 level. The results are not
élwﬁys helpful. The test works backwards from the smallest
roots to the lérgest; and there may be some dimensions in a
grid where the variation is restricted as well as some where it
is notably extensive. Indeed the two effects are likely to be
concomitént; If there are a few exceptionally small roots the
test méy indicate that all the larger ones are significant, and
confront the researcher Qith a perplexing problem in inter-
pretétion. What needs to be considered may be why the
Qériétion élong some axes is so small, and the explanation may
be qﬁite é simple one - the informant may have failed to
distinguish between some of the constructs or some of the

elements.

Starting with the largest roots provides an alternative
approach. We may enquire whether the first component, first
two, first three, etc., account for an unexpectedly large
proportion of the total observed variation. This alternative

has not been used by the author in conducting this research.

The dimensionality of a grid, as illustrated, cannot exceed n
or m - 1, whichever is the less. It may be further reduced,
for instance, if the informant has given identical ratings to

two of the elements, or if one of the constructs has been cut
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out because he has rated all the elements the same on it. If,
for a given grid there are t dimensions (components) then the
complete set of t latent roots is listed in order of magnitude.
THeir numerical values and their proportionate size as
percentéges of the total observed variation, V, are also given.
The results of the Bartlett test follow in the printout. Each
successive application of the Bartlett test is followed by the
appropriate value of chi-squared, with the appropriate degreec

of freedom.

The test does not apply to the first component. Having
identified that a given number of components may be considered
significant at the préscribed level, certain detailed

information is listed in the printout for each component.

Loauings have great interest from many perspectives. The
total variation of a cemponent, that is to say its latent root,
is the sum of the squares of its element loadings, and also the
sum of the squares of its construct loadings. It can be
analysed in both wavs: either into the amounts due to
constructs 1, 2, ..... n, or into the amount due to elements 1,
2, «ees... M; and both alternatives are equally valid. A
comnponent is in fact a measurement of one way in which the
constructs and the elements interact: the wéy in which it
concerns the constructs may be easier to ﬁndersténd thét the
wéy in which it-applies to the elements, or Qice Qersé; bﬁt

both need to be considered for a complete interpretation.

The sum. of squares for an element is the sum of squares of its
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component loadings, and it can be analysed in this way. The
residuals listed in the print-out simplify such an analysis.
The residual from the first component can be compared with the
original sum of squares; the residual from the second with
the residual from the first, and so on, A large proportional
drop indicates that the evaluation of the clement is largely in
terms of the component concerncd. Similarly the variation of
a construct, is the sum of squares of its component loadings,
and can be analysed as such, Again the residuals in the
print-out simplify the breakdown. A large drop Trom one
compeonent to the next shows that evaluation in terms of the
constructs tends to coincide (positively or negatively) with
cvaludtion in terms of the component. Leadings can also be
used for representing the results of a grid graphically.
Althoﬁgh there are of course a limitless number of ways in
wihiich that can be dene, two deserve special consideration as
exact geomelrical equivalents, the first has already heen
considered as & meanrs of checking the representativeness of an

element sample.

The first is the dispersion of the elements in the component
space within the construct space. hs already explained, the
cntries in the same column of D, which all refer tc the same
eiement, together specify a point for the element in a space
where the reference axes are defined by the ccnstrﬁcts. The
entire array of numbers in D, corresponds geometricélly with a
dispersion of m points in this space, which is n-dimensiocnal,

The distances between the peints in it are the distances
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between the elements. The centre of the scatter of the
elements in this space is made zero when the original grid is
replaced by D. Its dispersiocn is not equally wide in all
directions within the construct-space. The construct vector
of the first component specifies the axis of the dimension -
where the variation between the elements is widest. The
constructs with the_highest positive coefficients contribute
most to defining it positively; the ones with the highest
negative values to defining it in the opposite direction.

(Or both directions may be defined by the emergent and the
létent poles of the same construct). The orthogonal, i.e.
independent dimensions with successively smaller variation are
defined by the construct vectors of the successive compernents
similérly. Altogether the components define a sub-space of not
more than t dimensions within the construct-space. The
locations of the elements in this componenlt-space are given by
their component loadings; and their dispersion can he mapped
con?eniently in two dimensions at a time. To make a mep one
sets oﬁt two lines at right angles on an ordinary piecc of
gréph péper to repraccent the axes of two components. Use
their constrﬁct vectors to characterise them in their positive
and negatiQe senses. Mext one plots the position of the
c¢laments from their loadings. It is natural to consider the
two méjor dimensions first. As the map cannot show how far
the scétter extends outside them, generally it cén only be
épproximéte. How closc the approximation is depénds on how
mﬁch of the totél Qariation is attributéble to the first two
components. (See figs; 6/1 and 6/2 for exdmple); This is

frequently as high as 20%. If the distance between two
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elements given in (D) is much greater than the distance mapped,
it must occur in dimensions defined by the construct vectors of
one or more of thc components not on the map. So it must show
up in some other map, constructed in the same way, referring to
some pair of components in the construct-space. Although it is
nétﬁral to consider the major components first, components which
show relatively small amounts of variation are not nccessarily
derid of interest. There must be some reasonable explanation
if variation is particularly restricted along some dimension in
the construct-spacec. It may not be at all difficult to detect.
Two constructs may be effectively the same or almost the same,
e.g. the ratings of the elements may differ scarcely if at all
in terms of two constructs such as "Cood .... bad” and “Liike ...
.;; dislike." Or two elements, e.g. "Myself as I am" and
"Hyself as I would like to be" may be virtually indistinguish-
éble in terms of the constructs used in the grid. In either
cdse, little or no use may have been made of one of the
dimensions available in the grid for distinguishing between

the constructs or the elements. Why the informant fails to
méke such a distinction may be a question cf irterest. The
most useful results to examine in search of explanation, apart
from the graphs described already, are the table of
correlétions between the eonstructs, and the table of distances
between the elements. Sometimes the explanation may be more
obscure and involved; and sometimes practical considerations
may make it not worth seeking. WVhat is Unjustifiaﬁle is a
general assumption that dimensions where Qériétion is small

can have no interest.
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The second geometrical equivalent for the numerical entries on
the grid, which can be shown by graph, is the dispersion of the
constructs in the component-space within the clement-space.

The entries in one row of a grid, or of D, can be treated like
the entries in one column. Taken together, all the entries
referring to one construct specify a poiﬁt for it in a space
where the reference axes are defined by the clements, or, in
other words, the element-space. The entire érréy of numbers
in D corresponds geometrically with a dispersion of n points in
this space, which is m-dimensional. The variances of the
constrﬁcts in a grid always tend to be the same. They must

be exactly the same if the elements are ranked in terms of the
constrﬁcts, or graded dichotomously with a 5b:55 split: they
ére equated if gradings of any other kird ére used and
normalised; and they still tend to be the séme for other, nun-
normélisea gradings, provided the same grading procedurc is
used consistently throughout the grid. Thus the peoints Tor
the n constrﬁcts in the element-space ére all either exactly or
approximately equidistant from a centrél point, and consequent-
ly must liec on or near the surface of a hypersphere. Its
dimensionélity depends on the number of components with
positiQe latent roots; that is to say, it occupies é t-
dimensional component-space within the m—dimensionél element-
spéce. Constructs with high loédings on the first component
only will cluster together in one region on the hypersiirface if
their loddings are positive, and in the diémetrically opposite
region if their loadings are negétiQe; Such distributions
dre eésy to examine when they are represented geogréphically.

If the positive pole for the first component is set on the
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equator of a geographical globe at longitﬁde 60, its negétive
pole wili be on the equétor where the interndtionél date-line,
iongitude‘lBOOE or W, intersects it. Constructs with high
loédings on the second component only will be located on the
sﬁrface éround points 960 away from the two éoles of the first
component, e.g. on the equator at longitﬁde 96°E for positiQe
loédings énd longitude 90°W for negétiQe 1oédings. Constructs
with high loadings on the third component only mﬁst then be
locéted éround the points 960 away from those élreédy occupied,
e.g. at the North pole for positive loadings énd the Soﬁth pole

for negative ones.

The geographical model can only include three components of

course; but if the first three components éccoﬁnt for over

_80 per cent of the total variation in grids of the cﬁstomary
size, the model for them will usually giQe a Qery ﬁseful

indication of the relationships between the constructs.

Polér co-ordinates of the constructs can be computed and these
ére displayed on tae printout as H, V and R. The values of H
and V (horizontal and verticél measurcments in degrees) are the
ones to be used for plotting the positions of the constrﬁcts;
énd the conQention intended for adoption is the one élready
described. A point on the equator is selected és the origin,
with H = 60 and V = bo_ PositiQe Qélﬁes of H ére reached by
moQing to the right, i.e. castwards aroﬁnd the globe for the
giQen number of degrees, and negatiQe vélues by moQing west-
wérds, PositiQe values of V are reached by moQing upwards,

i.e. northwards, negative southwards. The radial measurement
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R, is not used in map-making. To be precise, é construct can
only be located on the surface of the sphere if its value of R
is 1.60. Otherwise, it should be located beneath the sdrface,
proportionately nearer the lérger its R. R. hés other
interesting properties. It defines the mﬁltiple correlétion
between the constrﬁct énd the first three components; and R2
is the proportion of its totél Qériétion they account for. A
construct with a Qery small R coﬁld perhéps be treéted as if it
had diséppeared benecath the surface completely, for most of its
variation must occur in dimensions unmépped. {(To refer to an
carlier argument, it épproaches the point of total ﬁncertainty,
i.e. the origin). . The édvantéges of ﬁsing an actual geo-
gréphicél globe for plotting the relationships between the
constructs are Qery greét, ﬁs it shows which points are
diametricélly opposite one another. All the results obtainable
by uny method of rotation in three dimensions can be seen by

picking the globe up and turning it éround in one's fingers.

The?e is no necessary relationship between the number of
clusters found in *he dispersion of the constructs énd the
number of components foﬁnd in the énalysis; The description
giQen for ‘explaining the ﬁse of the polér co-ordinétes, aone,
is highly schematic. Clusters are seldom, if eQer, neatly
sepérated by angles of 960. One rather loose cluster
extending into mény dimensions is sometimes all there is to be
foﬁnd; if so, it is just as likely to be éroﬁnd the point H =
+ or -_186O and V = 0° as around H = 0° and V = 0°.  But
sametimes, neither region is occﬁpied: they méy both be

relatively empty spaces around one of which, at least, several
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small, perhaps trailing groups of constrﬁcts ére géthered.

Among grids in general, the absence of ény simple regularities
is perpetQél. When they both refer to the séme components, a
mép of the dispersion of the elements in the constrﬁct—space

énd one of the constructs in the element- spéce are two
different Qiews of the same variétion, for the Qériétion of a
component in the construct-space is identicél with its eriétion
in the element-space. So if suitable conQentions are adopted,
either mép may be projected onto the other. But it would be
Qery mislecading just to superimpose one ontc the other, and map
the constructs and the elements together as n + m points in a
common component-space. The constructs should be represented
as direction-liqes in the component space; and the elements as
direction-lines in the component space within the eleﬁent—space
where the constructs appedr as points. As the direction of a
linz from an origin can be incicated by a single point ét any
distance from it, the difficulty cén be chrCOme; but the

convention heing adopted must be clearly understood.

Such composite map: take aavantage of a unigue property of
principal components, that they proQide a stationery co-
ordinate system in both spaces, allowing the two dispersions to
he aligned. They may reQeal interesting and unexpected
relationships between elements and coincident or diametrically
opposed censtructs. Diametrically opposite the point fTor a
construct, énother point can be marked con the globe for its
contrast. And since the projection for an clement should be
regérded as é hypothetical constrﬁct referring to it réther

than as the element itself, it too mav be regarded as bipolar
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dnd represented by two points, the pro-clement énd the énti~
element, To obtain the polar co-ordinétes for the opposite
pole of a construct or a pro-element; when H is positi&e, one
can subtract_lSOo; when H is negative one can édd_leo; and

change the sign of V.

For the reasons explained earlier, the relétionships between the
constructs and the elements and of the elements with one énother
can all be expressed in terms of direction cosines. These ére
mathematically equiQalent to correlation coefficients dnd ser;e
like them to describe how closely two Qériébles ére dssociated.
The printout concludes with four tables listing resﬁlts of this
kind. All these mcasﬁrements refer to the relﬁtionships of the
elements and the constructs with one énother in the whole
component-space,. and enéble a mathematicél model to bc Qsed in

place of the phycical model previously described.

As is clearly evident, not only is rep g¢rid methcdology a
powerful toel, but the analytical techniques available assume

maximum advantage from the data format.

6.10.1. The reliability and Qalidity of grids is a special
onsideration quite different from the consideration giQen to
these concepts in Chapter 5. In many contexts, reliability
estimates will themsclves be a test of the Qélidity of
particular grid measures; and it may often be the cése thét
particular §alidities hinge cn the finding of low reliéﬁility.

(This was recognised by Cronbach and Meehl (1955) in their
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discﬁssion of constrﬁct Qélidity); In terms of grid methed,
people who respond simildrly to the same "stimﬁli", or elements,
will be considered similar in thét respect, i;e; in relétion to
their element allotment énd construct relétionships in thét
pérticdlar areé. They will not necessarily be considered
alike in other areas of construing, és yet unexplored; Ifltwo
beOple respond differently to a set of elements in terms of é
number of constructs, they need not necessérily be considered
és different people as regards their constrﬁct system for
deéling with these elements. In constrﬁct theory terms,
similarity between persons is seen in terms of similérity of
the constructions they haQe placed upon experience, not in
terms of similarity of the experience they haQe ﬁndergone.

This conception is embodied in grid meésﬁrement, in that it ig
possible for two people to éllot the same elements qﬁite
differently to the poles of the same constrﬁcts§ yet when the
grid is analysed they may be shown to be operéting Qery similér

construct systems.

The data proQided v 2 grid are in the form of é métfix (of
correlations or matching scores), which is assﬁmed to represent
the pattern of relationships between the constrﬁcts ﬁsed in the
crid, and to be an index of the netwérk of implicétions Eetween
the obtained sample of constructs for thé indiQidﬁél sdbject.
This matrix of relationships (or ény specified pért of iti can
itself be the object of “reliability" assessment. Thus, for
ény giQen subject, é test-retest coefficient cén be célcﬁléted,

by rank ordering each of the matrices, which his grid
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performénce hés yielded on two sepéréte occésions, from the
highest positiQe relétionship throﬁgh zero to the highest
hegatiQe relétionship, and then célcﬁléting the Speérmén rho
between these two rank orders; Such é rho is, in one sense,
an index of factorial similarity between the two métrices, énd
represents én estimate of the degree to which the péttern of
the construct inter-relationships of the subject hés reméined
stéble écross the time interQal. Agéin, in terms of sﬁch a
deriﬁed measure, no general estimate of reliébility cén he
giQen, becaﬁse, as will be shown, it will be grossly
influenced by factors such as the elements and constrﬁcts used,
individuél énd group differences, mcthods of édministrdtion, énd
so forth. Howeéer, as a kind of stétistic&l plétitﬁde, it can
be said that by using elements ;Qch as people known-personélly
to the sﬁbject, with supplied constrﬁcts of a conQentionél type
and with either a.rénk order of split—hélf métching administ-
ration, normal subjects, doing repeét grids, on either the séme
or different elements, tend to yield coefficients of
reliébility which fall largely within the rénge 6.6 to Q.S.
Field and Landfield (1961) concluded that (i) given the same

elements, the subjects, after a two week interval, produce very

similar constructs {Pearson r = 0.79); (ii) when allowed to

take the test entirely afresh and considering new elements,
subjects equally reproduce their earlier constructs (Pearson

r = Q.Sb-).

The author had reservations about such a technique as one might

expect an individual's construction to change with time and by
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virtue of haQing been inQolQed with completing é grid. In an
associated piece of work, the éuthor‘foﬁnd (Hopwood and Keen
1977) that where feedback was witheld from a groﬁp of
respondents (who had completed a grid és é meéns of héQing
their teaching appraised) test - retest corrélétions were és
high as those stated. HoweQer, when feedbéck was pro@ided to
the respondent between the two elicitétions, the correlétion

plunged to near zero.

This illustrates the interlocking of the ﬁsﬁél concepts of
validity and reliability vhen applied to grid methods, in that
they can be looked on as experimentél explicétions of the
dichotomy corollary, which states that "a person;s constrﬁction
system is composed of a finite number of dichotomous constructs!
These studies suggest that the grid tests ére “reliéble" in the
sense that where constructs about people ére concerned (énd,
one would tend to assﬁme, wherelother tQpes of construct are
concerned), normal sampling procedures épply. CGrids ére
deiQing into a limited repertoire éf constrﬁéts which the
sﬁbject has aQailable, and there is no feér of being

confronted with the eQerlasting péges of én infinite personél

dictionary.

This highlights the fact that users of grid methods ére fﬁced
on cach occasion with én explicit sémpling problem, in thét
they must select elements, constructs, methods of édminiﬁ
stration and methods of analysis éppropriéte to the context
in which they ére attempting to méke predictions; This

certainly does not relieve them of sampling problems, nor does
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it guarantee that they will adequately solQe them: bﬁt it
does mean that they haQe cxplicitly to face thgm time and
again, and they are less likely to ignore the déngers of
sampling efror by resting content with a pseudo, once-for-all

solution to the problen.

Retﬁrning to the main theme of this paragréph, némely the
reliability and Qalidity of grid methods, one has to consider
the implications of supplying constructs. The problems which
can arise when the constructs arec supplicd by the experimenter,
rather than elicited from the subjcct, arc onious - any
assurance thal the constructs are a meaningful part of the
subject's repertoire is forfeited, and some of the grid matrix
variance will ine&itably reflect a degree of failure by tihe
subject to translate them into his own terms (Iséécson énd
Lanafield, 1965, and Cromwell and Caldwell, 1962). Vet in
experiments with specific hypothesis and in those inQolQing
group comparisons, construct supplying secms usefﬁl. Téctics
which redﬁce, though they do not eliminéte, distortion effects

in supplied constr:ct grids, are suggested.

In any grid or grid series inQolving supplied constructs,
azdditional elicited constructs from the sﬁbject cén be used.
The presence of such individually Qarying clicited constructs
does not affect the calculation of relétionships Eetween the
standard constructs, but it does proQide é meéns of checking
something of the meaningfﬁlness of the sﬁpplied constrﬁcts.

A markedly lower level of intercorrelation between sﬁpplied

than between elicited constructs could indicate that the
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supplied constructs were largely Qerbidgc for the sﬂbject. An
individual examination of supplied/elicited constrﬁct relation-
ships in the grid matrix might yield informétion as to any
unusual mednings which had been attached to the sﬁpplied
labels. The strategy adopted by the aﬁthor énd described in
paragraph 6.9.1. and 6.9.2. of eliciting constructs by triads
and proQiding 'prompt' words arose Trom the experience of pre-
test inter?iewing of single subjects énd groﬁps on the topics
cerred in the grid to yield information as to the common
roabulary aQailable, and increase the experimenter's chances
of couching supplied constructs (or key words) in terms
meaningful to his subject, This type of methodology is less
prone to the dangers inherent in proﬁiding constrﬁcts,und vet
it still does permit the analysis between appiicd énd clicited

constructs noted above.

In this research; the selection of the ZO elements was under-
taken to try and maximise the Qalidity; élthough, és was
indicated in the preQious péragraph, no gudréntee could be
made until the dalto were a@ailable. The efiect of element
sclection on Qalidity is two pronged. Firstly, thc number of
elements should reflect the subjects discriminéting capécity;
hat this is really only of rcal impsrténce wherce rénking rather
than rating of elements is decmanded, énd, secondly, that ali
the elements used for scrting in the gfid mﬁst be within the
range of convenience of the constructs sdpplied énd elicited.
This rule has been constantly in mind in designing the
particular grid for this research. It cénnot be denied,

however, that as so much of construct theory hinges on the
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notion of the bipolarity of constructs, thét the reliébility or
unreliability, in different individuals, or under different
conditions or between different constrﬁcts, of the
distribution of elements between the poles must be é métter of
méjor interest. Any discussion about lopsidedness of a
construct implies that the relatiQe éllotment of elements to
the two poles of the construct for ény giQen indiQidﬁél is én
indicétor of stébility, in the sense thét we woﬁld expect the
proportions in each pele to be roﬁghly the same when an
indiQidﬁal ﬁses the - same construdt on two réndom sdmples of
elements. Cére,.thefefore, has to be téken in interpreting
the resﬁlts indicating lopsidedness, this problem is minimised
by the adoption of a rating scale as opposed to the

traditional binary response.

Ancther aspect of grid method is releQént to the concern with
the predictable stability, rather than the generél stébility,
of scores. The grid is not a test, bﬁt é Qariéble techniqﬁe:
it één be cast into many different forms, inQolQing ény nﬁmber
of different types of constructs and elements, and many kinds
of scores can be derived. Since there is no sﬁch thing as the

grid, there cén be no such thing as the reliébility of the grid.

Any ‘consideration of a specific reliability coefficient qﬁoted
for a particular instance of the épplication of grid method,
mﬁst take into account, firstly, the pérticﬁlér meésﬁre
extrécted frqm data supplied by the grid; secondly, the type of

experimental situation within which repeat grid data were
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obtained, and thirdly, the generél parémeters which affect

reliability coefficients in any grid context.

In conclusion of this discussion on the reliébility of grids,
the.aﬁthor is forced to accept tﬁét since this is a procedﬁre
reléting to a theory which affirms that "mén is a form of
motion", it is necessary to chéllenge the orthodox notion of
high reliability as én in&ériébly desiréble chérdcteristie of
tests. HoweQer, even bearing in minq the slender eQidence
.éQéilable, it woﬁld seem that coqstructs which éccoﬁnt for
little of the Qariance in grid matrices ére likely to be those
with many near-zero relétionship SCOres: énd this restriction
of Qériance, plﬁs the tendency of low corrclétions to wobble
randomly éround zero, may, of itself, reduce the reliébility
coefficient. Conseqﬁently, it would seem wise to éssﬁme that
rgliability will be, in part, a fﬁnction of grid form énd type

of administration.

MoQing on to Qalidity, és distinct from the preQious discussion,
which looked at the interrelationship of Qélidity énd
reliability, one is forced égain, in grid methodology, to

reject traditional ideas. As stéted by English and English
(1958):

"there is no such thing as generél Qélidity; Nor is
there absclute Qalidity - we determine the degree of Q&lidity.
And the vélidity index has no meéning épért from the pérticﬁlér
operétions by which it is dctermined."”

These structures apply to any consideration of the vélidity of
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grid technique in a highly specific way. Just as with
reliability, to ask what is the validity of the grid is like
asking what is the Qalidity of the guestionnaire. The
questions would be, what questionndire?, in what context?,

used for what purpose?  The number and manner of grids is,

for practical purposes, infinite. Perhdps all that cén be
done is to consider whether the bésic rationale of grids makes
sensc, whether their application giQes results which tally with
the underlying assumptions and whether the Qse cof grid methods
to date justifies their continued claborétion. Tt need not be
stated that the author considers that grid methods to détc are

valid and so justify further elaboration!

In terms of construct theory, these modes of leidation 5CCH
incomplete. Construct theory enviséges cach individudl as
deQeloping and operating an elaho:dte, chn though sometimes
poorly articulated, construct system, designed to deal with
many situations, Heasﬁres of such a system cén only ne
minimally validated in artificial and restricting contexts.

It has been argued that the appcarance of statisiically
significant internal relationships in grids giQes Qalidational
support to the central tenet of construct theory - that people
construe in an organised wav - and this suggests in turn, that
the grid is a useful means of objectifying this theoretical
contention. Althoﬁgh the fate cof ény theory need not turn on
the outcome of a particular experiment or the vélidity of a
pérticular predictior, its Qélidity cénnot be méintdined if a
succession of hypotheses, when put to édeqﬁéte cxperimental

test, do not turn out to be palpably true. Thus, the theory
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can only become valid when someore is éble to méke use cf it
to produce verifiable and largely verified hypotheses.
Hypotheses can be erccted and tested for é single sﬁbject, in
a manner not possible with conventiondl normétiQe tests, and

a range of conQentional population stétistics (including forms
of cluster analysis) is potentially évailéble for use in énély—
sing individual grids. The indiQidual cén be stﬁdied, not
merely in the sense of taking subjects one ét é time, nor in
the sense of making the content of test items relate to a
particular indiQidual, bhut also in the sense of deﬁeloping a
complete experimental design for d single subject. Snecific
hypothescs can be prepared before the grid is administered, or
indeed, during the analytical stage . Since the grid dllcws
internal tests of significance, no prior Qalidétion specific
to the problem in hénd is necessary, eQen though the bésic

assumptions underlying the methcc have to be met.

€.10.2. The precise administration procedure for the whole data
collection exercise is described in Chapter 7; however, this
chapter would be incomplete without a deseriptizn of the

manner in which the grid elicitation was possible.

In piloting the grid, as desiened for use in this rese$rch,
the author found groﬁp adminisfration to be acceptéblc only
where the groun size was small cnoﬁgh for the ddministrétor

to fully interact with all the respendents. An optimum size
proved to be three r=spondents. Thﬁs éll the dété collection
was undertaken either on an indiQidﬁél (one to one) bésis or

by small groups of two or threc respondents. In every case
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the author was the grid administrator in order to control any
variance of instructions which may haQe resulted from the use

of additional adminstrators. Each session was planncd to take
three and a half hours on one day, (althoﬁgh this was frequently
spread over a lunch break}. Only one respcndent required more
time, insisting on using 21 constructs (although subsequent
analysis indicated these not to be independent, and requiring
nearly five hours of uninterrupted time to complete the whole
exercise). For the majority of respondents, 2} - 3 hours
proved adequate, and scme (about twelve) completed tie whole

session in less than 23 hours.

Before administration, & guarantec was given to each and every
respondent that total anonymity woulid he preserved. The
respondent's name was not recorded;although cacn subject was
given a personalised number which he was requested to quote
should he wish to seek any 'follow up’ information. The

second part of the guarantee of anonymity concerned the names of
persons, other than the respondent, who may be used in the
administration session. Respondents were informed that they
would be required to cite names of others on cards, but that
upon completion of the exercise the cards would be destroyed
Lxfore the author and subject left the administration room.

The perscnalised number was randomly drawn from a set of numbers
and against this number the author recorded only the class cof
respondent, i.e. Teacher of physics, Stﬁdcnt of physics or

teacher other than of physics.




The attitude inQentory was then administered; For stﬁdent
respondents the inventory rubric was explicit Sboﬁt the way in
which the inventory should be completed. For the reméining
two classes of respondent a further verbal instruction was
giQen, namely that they were to complete the qﬁestionnaire, as
they believed would be appropriate if they were now a student
of physics in their first year of undergraduate study. Some
difficulty was experienced with many of the non-physicist
respondents who claimed that they, never having studied physics,
coﬁld not undertake such a task. To these respondents
encouragement was offered,and they were asked to attempt the
exercise with the proviso that where any difficulty was
experienced, the administrator would be available to help. In
none of these cases was further aid sought, suggesting that
these respondents could,in fact, complete the inventory with

relative ease, within the constraints imposed.

Thirty minutes was allocated to this section (attitude
inventory) including the introduction and collection of
completed forms. This timing proved adequate for all but a
few respondents. Any variation in timing was relétively
unimportant as administration was always undertéken either
indiQidually or in small groups (2 - 3 persons). It should be
noted that whilst lunch, coffee and tea breaks were a feature
of the administration session, these weré élwéys téken between
the administration of the attitude inventory and the grid and

at no other time.
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The second phase was concerned with the grid formét énd the
elements. The respéndents were introdﬁced to the grid with é
brief (2 - 3 minute) explanation in simple terms, of what they
would be called upon to do., It wés made cleér that they wou}d
be Quided through the process and should, therefore, only -
concern themselves with each immediéte tésk és it was presented
to them. An envelope containing 20 cérds corresponding to the
20 elements was then provided. They were told that 13 of the
cards contained role descriptions to which they should
associate a named person who should be cited in the appropriate
space on each card. The same name was not permitted to be
repeated,although some cards could be left blank if the
respondent found it quite impossible to reléte a name Lo the
role title. This part of the exercise was Yériable in its
consumption of time and frequently excceded the 3¢ minutes
nominal time allocation._ The reméining seQen cards had
passport size photographs of physics teéchers, the letter code
(corresponding to the grid column) and a key word or phrase
related to what the teacher was doing on the Qideotape. The
respondents were all given the same precise instruction,

namely to watch a videotape which lasted 29 minutes. They
were told that each of the seven teachers on the cérds would be
seen clearly identified by the photograph, key word and 1étter;

furthermore they were invited to make any comments they wished,

" related to what they saw, on the apprcpriate cards.  The

exercise was then undertaken in one continuous viewing.

Questions were not permitted whilst the videotape was running.

R
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The triad method of eliciting constrﬁcts wés then expléined, as
was the scoring system and, very slowly, the first line of the
grid completed with the administrétor giQiﬁg continﬁél?
positive, guidance. The respopdents were then invited to
continue using new constructs for every row, seeking advice
wherever they felt it necessary. The édﬁinistrator kept
invélved by asking questions where éppropriate, in the usual
manner, to check such items of appliébility of elements to a
construct, bipolarity of constrﬁcts, etc; After six td ten
constructs had been elicited, the optional list of items was
provided for reference. Few respondents ﬁsed the list to
formulate actual constructs, but reading it often stimulated

involvement and seemed to facilitate new construct elicitation.

On eliciting his 12th. construct, é respondent was informed
that, for many people, 20 constructs were more than wcre
required and that he was to feel free to cease completing the
grid if it became apparenf to him that he héd exhausted his

repertoire of constructs.

The same procedure was used for all respondents.
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7.1.

In this, as in any research project, sampling is an important
mechénism for obtéining détﬁ from a restricted groﬁp of
respondents which may be considered representétiQe of the totél
universe of respondents. Clearly it would be guite impossible
to seck information from every student and, or, teacher of
physics in Great Britain within the limitations of a Ph.D.
research project. Apart from the MNational Census, which does
seek information from every member of the population (or
Qniverse of respondents) all data gathering techniques rely te a
greater or lesser extent on Qarious sampling techniques. Before
the strategy for sample selection adopted by the author is

considered, some terms require definition.

7.2. The Universe of respondents is defined as all possible

respondents within the appropriate category.

The portion of the universe to which an author has hccess is
called the pepulation.  In this resecarch the author negotiated
access to teachers and students within seven universities and
twenty polytechnics {although it should be noted that not all of
those institutions proQiding access to students were used in the
research). The population of respondents therefbre were the
students and staff fulfilling the appropriate group defininy
criteria who taught or studied in those institutions to which

access had been gained.

The invited sample is defined as all clements of the population

to which an invitation to participate in the research was
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extended. The accepting sample was that portien of the invited

sample that accepted the invitation and agreed to participéte.

Finally the data-producing sample was that portion of the

accepting sample that actually produced data.

The rescarch hypotheses relate to the uni§erse of respondents and
yet their inQestigation is based on the data-prodﬁcing sample.
Care has to be exercised in selecting a sample such thét the
ultimate group of data-producing respondents are nol unlike the

universe from which they are drawn.

7.3. Representativeness of the sample is the méjor consideration.
It is not sufficient to sclect a representatiQe population alone
nor indeed a representative invited sample, it is the data-
producing sample which needs to be representatiQe, and so the

question of representativeness is a recurring one,

7.3.1. At every stage of the sample selection from popﬁlation 1o
data-prcducing sample there is a requireinent for representatiQe-
ness, but representative in terms of what?  Clearly represent-
atiQeness is required in terms of those variables known to be
reléted te the phcnomenon under investigation. This implies
that to achieve representativeness a rescarcher must know the
characteristics which are related to the phenomend and/or
behavioﬁr that he is to study. PreQious research and theory
can proQide this knowledge,the former of the two being the most
useful in that it provides empirically demonstrated relaticnships

whilst the latter simply suggests that a relationship should
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exist. Additionally a researcher is likely to héQe sﬁbjecti&e
ideas éf édditional characteristics which he hypothesises might be
relevant although neither previous research nor éccepted theory
supports his 'hunch.' Often, as with this reseérch, the ‘hﬁnch'

list of characteristics is longer than the objective list!

7.3.2. Three distinct class of respondent had been defined for this

research, namely |

a) Teachers of first year ﬁndergrédﬁate physics

b) First year undergraduate stﬁdents of physics

c) Teachers of first year undergraduates from disciplines

other than physics

Thﬁs a stratification of the total uniQerse of respondents had
been made to produce three classes of respondents who would
produce data releQant to the specified hypotheses. This
strétification ident:fied three 'chéracteristics' of respondents
in that each sample group would héQe to exhibit some
;qualificétions‘ which enébled them to cOrporétely fulfil the
cléss title. In other words respondents in the cléss of
'teachers of first year undergrédﬁétes physics' héd to he
currently employed for at leést some of their time in the task of

teaching physics to first year undergradﬁétes!

From the literature, some chérécteristios can be identified és
important. Of these the sector from which the respondents were
drawn seemed cruciél; There is some ﬁnpublished-e&idence to
suggest that the public sector (Polytechnics) and the priQéte

sector (Universities) would produce different types of respondent
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for a Qariety of reasons. RepresentatiQeness in this respect
coﬁld be ensured by selecting equal numbers of respondents from
each type of institution. (An analysis of the data collected
hés indicéted that there was no significént different between

these groﬁps on ény of the hypotheses).

The two charéctéristics hypothesised as being of greét importénce
were attitude and pedagogic practice. Whiist e&idencé wés
éﬁéilable from the literéture to support this, these Qériables
were crucial to the inQestigation of the hypotheses and
necessitated the deQelopment‘of the instrumentation deécribed in
Chépters 3 and 6. Representativeness on these vériables coﬁld
not be ensured before the research was undertéken dnd so random
selection techniqﬁes were utilised. Other’chérécteristics
considered worth ensﬁring represeﬁtatiQeness on were:
i) Age (a,c)
iij Sex (a,b,c)
iii) Experience; length of ser&ice (a,ci 8
iQ) Physics main vS. Physics subsidiary (éi
Qi Teacher trained Qs graduéte only (a,c)
Qii Volﬁnteer Qs Conscript (a,b,c)
Qii) Unknown characteristics (a,b,c)
(Note: The letters in parenﬁhesis correspond to the
clésses of respondent listed at the stért of péragréph 7.3.2;);
In order to ensure representatiQeness on all these Qériébles one
needs to know which characteristics are reléted to the phenémenon
Qnder study, and haQe the ability to measure each characteristic -

as well as having population data on the characteristic to use as
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the basis for comparison. Vhere sﬁch knowledge was not
availéble réndom sampling was used. The flow chért of

Fig. 7/1 illustrates how the research sémple was identified;

-

FIG. 7/1 ABOUT HERE

Some elaboration is necessary, particularly with regard to

the activities associated with the box asterisked.

HéQing identified seQen uni&ersities and twenty polytechnics

which it was possible for the aﬁthor to Qisit for bollecting dété,
five of cach were inQited to participéte. (Proportionﬁlly about
half of all students of physics are in each type of institﬁtionj;
The ten were chogen to co@er a geographical areé from Plymouth to
‘Mewcastle with both large and small institﬁtions includcd; Mine
agreed to participate. \hilst the Tlow diégram indicates thét
there Qés a subscqﬁent inQitation extended to énother institﬁtion
to repléce the one which refﬁsed, thét acceptance érri&ed too léte
in the time schedﬁle for it to be used and so data wés collected

from four universities and five polytechnies.

in selecting the data producing sample the chérécteristics
listed had to bhe considered. For many (such as sex, age énd
experience) measUrement was straightforwérd, for others more
difficult. The author was particulérly concerned that he méy

have omitted some important characteristic which neither he nor
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FIGURE 7/1

FLOW CHART OF SAMPLE SELECTION STRATEGY
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preQious research had identified. To minimise the risk of

such én omission all the potentiél reépondents from the nine
institﬁtions were listed and the daté prodﬁcing sémple identified
by randomly selecting individuals from these lists in sﬁch a wéy
that representati&eness was maintained across the criteria known
to be importént and which coﬁld be meésured; Sex may be cited
as én.exémple. Less than 5% of physics teéchers ére femdle. |
The dﬁthor's sample reflected this imbalance of the sexes. It
is important to note that the issﬁe is not how large the
population is, nor how large a proportion of the uniQerse is
represented in the populétion. It is concerned instead with
whether or not, in terms of factors importént to the reseéfch
problem the data prodﬁcing sample can be considered represent-
étiQe of the uni@erse énd hence vihether generalisations méy be
méde éboﬁt the uni&erse for data obtained from the chosen sémple.
This ébility to genevalise is not dependent on 1érge numbers of

respondents,

The sample from which daté wés collected consisted of 37 stﬁdents,
21 physics teachers and 18 teachers of subjects othcr han
physics; 0f these some failed to prodﬁce valid data and so the
déta producing sample wds somewhat reduced as indicéted in

Table 7/1

TABLE 7/1 ABCUT HERE

It should be noted that the number of respondents invited to
provide data was chosen’ from both those agreeing to participate

(the éccepting sémple) and those who had declined to pérticipéte
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TABLE 7/1. Sizes of data producing sample

Number inQited Number . from Percentage of
to which valid accepting sample
participate data was producing data
collected

Teachers :

of 21 19 20.58

Physics '

Students )

of 37 33 85.19

Physies

Teachers .

other than 18 17 PL Y

of Physics
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(in proportion} in an éttempt to control for ény bias introdﬁced
by selecting only from respondents agreeably disposed to proQide
déta. This was achieVed by épproaching the sample identified énd
ésking them if they would participate. Those who égreed were
-included, (the éccepting samplei and those who declined were
approached indi?idﬁally and a small nﬁmber coerced into
pérticipation. The numbers in&ol;ed were sméll_(& oﬁt of 76)
énd in proportion to the acceptance/rejection rétio identified
~ when the inQited sémple was determined (i;e; 16%5. Although the
énonymity of the data precludes the possibility of testing the
idea, it may well be this groﬁp generated different relationships.
All data producing samples were better thén 89% representétiQe of

the groups from which dété were collected.

7;4; 'Réndom sampling' is a term which has been used frequently in
pérégraph 7.3.2, The aﬁthor hds ﬁsed it as a gcnerél term to
embody systematic selection. In its p&re form one woﬁld use é
table of random numbers to select individuals from a pool
preQiously numbered in some way, it implies thét eQery item has
én eqﬁal chance of being selected. Such a techniqﬁe was used
hé@ing first stratified the popdlation égainst the criteria noted,
thﬁs each 'draw' of é number from the pool was constréined by the
limits imposed by such groups'charécteristios. In common
parlance the draw coﬁld be said to be loaded in féQoﬁr of those
respondents exhibiting pérticular chérécteristics; Thus the age,
sex, experience, grédﬁate/non-graduate, ete., chéricteristics were
represented in the éémple dsed in the séme proportion és they were

found to exist in the universe .of respondents.
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7;5; The reéder has not, as yet, been proQided with the reésoning
behind the numbers of respondents chosen; The éﬁthor belieQes
that size is less important thén representéti@eness, th hé&ing
determined the minimum nﬁmber of respondents reqﬁired for
representati&eness there is the secondéry question reléted to the
nﬁmbers required to minimise the introduction of type 1 or type 2

errors with respect to the hypotheses.

The problem is circular in that the latter type of considerétion
might demand an increase from lb to 15 respondents rendering it
difficﬁlt to maintain the same degree of representéti@eness with
15 as had been achieved with 10; The aﬁthor chose to determine
minimum numbers of respondents in eéch cléss to limit the
chances of errors to less than 5% énd then increase this nﬁmber
to the nearest multiple of the reprcsentati&eness criterié.

(The .65 leQel of significance had been chosen as the leQel ét
which the inQestigation of the hypotheses would be ﬁndcrtéken -
it wés therefore imperéti&e thét representatiQeness errors in
excess of 5% were not introduced, hence 5% was detcrmined és the
cut off point; In practice, the sample sélection wés Qndertéken
with representati;eness neérer (though not below) én error
margin of l%). This gé@e 21, 46 and 18 as the Qélﬁes of N for
Physics teachers, physics stﬁdents and other teéchers respect-
iQely. Due to a lack of females in the stﬁdent popﬁlétion, the
middle number was necessarily reduced to 37 as indicated in

Table 7/1.
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7;6; From the Qery nétﬁre of the instrumentétion respondents were
able to deduce that the research data could be used to identify
personél éttitudes énd personal pe&agogic strengths énd weéknesses;

Teéchers énd their professionél éssociétions ére Qery conserQétiQe

about assessing teaching and there was an implicit element of

assessment embodied in the instrumentation.

The aﬁthor considered the scenario of Qndergrédﬁéte teéching énd
felt thét mény respondents who had égreed to pérticipéte méy
withdraw their consent when, and if, the threat of én éssessment
element became apparent; For this reason &nonymity gﬁarantees
were giQen in the usual way, but supported by an errt methodol-
ogical éttcmpt to ensure that no individual's response could ever
be attributed to him, Such caution proved beneficial in that no
respondent withdrew consent (élthoﬁgh é few respondents proQided
inQalid data); in contrést é negéti@e éspect becéme éppérent
dﬁring the data anélysis. These were respondents who exhibited
‘special, and intcfesting, profiles with areas of anertainty.

In sdch céses the author would héQe liked to return to the
respondent to explore these areas fﬁrther, howeQer, the anonymity
gdérénteeing system prerd s0 effectiQe that such follow ﬁp
‘enquiries prerd impossible to condﬁct, becéuse indiQiduél
énalyses could not be attributed to a specific indi@idﬁél, ror

for that matter could an individual's institution be identified!

7.7. The éﬁthor visited the nine institutions during the last
quarter of 1976 and the first quarter of 1977. Individual
administration sessions were arranged for most respondents

élthoﬁgh small groups of 2 or 3 respondents were occésionélly the
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subJects of joint administration. The a&erége completion time
for the 1nstrumentat10n was three hours and a total of 186 hours
was spent in collecting data. Resource 11m1tat10n3 precluded the
possibility of collecting the data in a systematic way as
subsistence and trdQelling costs were so high that the author
collected data when his other employment commitments took him

neér to the location of é respondent. The majority of
respondents éppeéred to enjoy the experience, and whilst follow

ﬁp discussions were not formally offered, twenty respondents hé;e
telephoned or written to the éﬁthor to seek feedbéck informétion;
Unfortﬁnétely such feedbéck could not be gi@en as the indiQidﬁél's
daté becéme anonymous as soon as the originél grid was processed.
Sﬁch interest prompted the deQelopment of an associéted project

described in Chapter 16.
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~8.1. This chapter considers each hypothesis in turn in relation to

the daté.

) 8;2; Before moQing to a considerétion of_eéch hypothesis the formét
of the déta méy be considered., For each indi&idﬁél respondent
two indi&iddalised sets of data are AQAilable; firstly
informétion from the respondents completion of the éttitﬁde
inQentory énd secondly the analysis of the indi&idﬁéls grid;
Additionélly respondents hé;e been groﬁped éccording to their
attitude score on eéch factor of the attitude inQentory énd for
these groﬁps a corporéte analysis (using PREFAN, see Chapter 6)
has been undertaken. New Qariable formét cards were prodﬁced to
select for analysié only those elements common to éll respondents.
All subjects identified as members of a common éttitﬁde groﬁp had
their indiQidual grids 'stacked' to produce one Qery.long grid
haQing common elements. The énalysis of this composite grid méy

be used to provide some information of group perceptions.

8.3, Hypothesis 1

”Attitﬁde to physics, measﬁred by the éttitude to physics
inQentory total score if appropriéte, (énd on eéch independent
féctor if composite scoring is inéppropriétei, will Be more
positiQe for teéchers of Qndergradﬁéte physics than for first

yeér undergradﬁéte students of physics."
- 8.3.1. Evidence has been presented in Chépter 6 to show that a

composite score produced by adding together én indi@iduél's

score on each factor of the attitude inventory is an invalid
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process. The hypothesis has, therefore, to be considered
égainst each factor. Téblq 8/1 identifies the actual scores for
all the releQént respondents whilst 8/2 specifies the relation-

ships between them.

TABLE 8/1 ABOUT HERE

TABLE 8/2 ABOUT HERE

_ 8.3.2; Before differences between the groﬁps may be compéred, é
number of féctors require considerétion. Firstly, the nﬁll
hypotheses has to be stated. The hypothesis stéted in
parégréph 8.3. implies a one téiled test (as the direction of ény
difference is made explicit). The nﬁll hypothesis méy
therefore be stéted as: .

"The mean score compﬁted from all respéndents who were teéchers
of first year undergraduéte physics will not differ from the meén
score compﬁted from éll first yeér Qndergrédﬁéte physics
students."  The hypothesis will épply to eéch of the four

distinct attitudinél factors.

Secondly, limits need to be specified for éccepting or rejecting
the null hypothesis; following the discﬁssions of earlier
chépters which deélt with the methodologicél de&elopment, it will
. be recalled that the 6.65 level of significénce hés been édopted
thrﬁughout this reseérch. Therefore the 6.05 leQel of
significénce will be ﬁsed in considering the nﬁll hypothesis.

Such an adoption of a level of significance prescribes the limits
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TABLE 8/1 SCORES OBTAIMED BY RESPOMDEMTS ON ATTITUDE INVENTORY

Teachers of Physics Students of Physics
A B C D A B C D
22 17 20 12 28 21 21 .23 -
20 . 18 22 19 18 19 18 16
27 27 24 1lé 17 192 12 11
20 18 20 19 21 20 20 le
20 24 23 21 23 15 18 25
23 22 20 20 22 27 25 21
24 29 27 20 21 21 20 H
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 i - 19 21 17 22 2k 16
25 17 24 18 21 22 22 28
25 22 19 18 18 28 28 24
20 24 23 l6 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

lMeans, standard deviations and relationships between

comparison groups

Teachers of Physics Mean S.D.
Attitude factor A 21.90 | 2.85
Attitude factor B 20.95 4.38
Attitude factor C { 20.53 3,70
Attitude factor D 18.53 2.74

Students of Physics

Attitude factor A 20.03 3.59

Attitude factor B 21.55 4,02
Attitude factor C 21.46 4,62
Attitude factor D ) 18.91 4,74

N Teachers 19

N Students 33
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within which a type 1 error might be made. (Type 1 errors being
made when one rejects the null hypothesis by marking a
diffcrence significant, although no true difference exists).

There is therefore a 5% chance that a typec 1 error may be made.

The édoption of a 0.0S level of significance raises the chances
of making a type 1 crror to 5%, howeQer it limits the probability
of making a type 2 error. (Type 2 errors being made when one
accepts a null hypothesis by mdrking a difference not significént,
when a true diffcerence actﬁélly xistsj. Howe&er, in this
particular case there is an additional possibility of making é
typc 2 error. If, upon examinétion ot the daté, the null
hypothesis is accepted ds a one tail test cne is able to séy, with
% certéinty of being correct, that teachers do not haQe more
positiQe scores on a giQen fjctor thén do stﬁdents, but withoﬁt
ithstigating vihether they héQe a significéntly lower score
_(morc ncgati?ei a type 2 error might be introduced. This ddnger
may be remo@ed by first inQestigating the null hynothesis with a
two tailed test to determine if any difference cxists, énd then
checking with a onc tailed test to determine if the direction of
the difference coincides with thét predicted by the hypothesis

under investigation.

- 8.3.3. In determining the significance of differences between
meéns, a Qariety nf statistical épprodchcs méy be made; The
best choice of statistic is most likely to be méde haQing
considered the population énd the sémpling procedﬁre. In this

case numbers of respondents are relatively small (H1: 19:N2= 33)
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but are independent and not correlated (as the samples are drawn
from different popﬁlétions). Had both samples been large

(i.e. > 30) the formula ........

2 2
s ] & 5
D =
Nl N2
could haQe been ﬁsed where:

6o

Standard Error of the difference between the

two samples means

Standard deviation of sample 1

6

\ Nﬁmber of respondents in sémple 1

1
6>

N2 Number of respondents in sémple 2

S$.D. of sémple 2

I

Direct adoption of this Formul& woﬁld be unwise with one sémple_
of less than 36 respondents. Howe@er, the dénger of ﬁsing-the
formﬁlé aone is negéted if both sémples méy be considerad to
be nofmélly distributed. The éuthor hés compﬁted X 2 Qélﬁes‘
(Chépter 6) and foﬁnd all of these distribﬁtions to épproximéte
to é normal curve and so the formulé 8/1 would éppeér to be
sétisféctory. A second check on the normality of the
distribution was méde by épplying the KolmégoroQ-SmirnoQ test
(k-S test, Guilford 1964) which indiééted some sméll deéiétion
from normélity. The K-S test itself is more éppropriatgly
épplied to large sémples (36+5 and so the resﬁlt méy Be spﬁrioﬁs;
Howe?er, sufficient doubt remdined in the éuthor's mind to leéd
him to épply the K-S test és én additionél way of determining

the standard error of the difference between group means. There
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being no difference in the results the édoption of formdlq 8/1
wés made and éll the célcﬁlétions leéding to the resﬁlts in téhle

8/3 have been based on this formula.

The author was more interested in differences which occurred at
the ends of the distribution rather than at the centre and the
adoption of this formula accentuated such differences thus

reducing the possibility of error introduction.

TABLE 8/3 ABOUT HERE

- 8.3.4.The null hypothesis is rejected for Factor A (Exéminﬁtion

orientéfionj. One méy deduce, with at leést 95% éssﬁrénce,

thét the differences noted haQe
not appeared by chénce, i;e; thaf teachers of first yeér Gnder—
graduates exhibit é more positi&e orientétion towérds exéminétion
sﬁccess thén do their stﬁdents. The factor entitled"exém
orientétion‘ refers to the extent to which a respondent belie&es
that the pedégogic experience in first yeér undergrédﬁéte
physics courses oﬁghf to be bésed on the deménds of én exémiﬁ-
ation. The mean scores for the teécher groﬁp énd the stﬁdent
group significéntly exceed the neﬁtrél éttitﬁde ;élﬁe (15')7
but the teéchers score significéntly higher thén do their
students, this implics that both categories of respondent believe
exam orientétion to be importént;bﬁt the teéchers ;élﬁe
exéminétign orientétion in their pedégogic préctice signifi-

cantly more than their students.
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TABLE 8/3. The sinnificance of differences between means for Teachers of Physics and Students of Physics

N5 33 M ¥ b = o t = 1 tail test at 2 tail test at
T s VR It 1Y 0.05 level of 0.05 level of
Ht 19 t S X significance significance
" REJECT REJECT
FACTOR A 21.90 20.03 + 1.87 0.91 2.05 aull hypothesis null hypothesis
ACCEPT ACCEPT
FACTOR B 20.95 21.55 - 0.69 1.23 0.49 null hypothesis null hypothesis
©
o
ACCEPT ACCEPT
FACT . . - 0. . . . .
ACTOR € 20.53 21.46 0.93 i-11 0.8% null hypothesis null hypothesis
- ACCEPT ACCEPT
FAC . . - 0, . - 0. '
T0R D 18.53 18.91 0.38 1.0% 0.37 L null hypothesis null hypothesis
Mt = Mean of teacher sample, Ms = Hean of student sample.
£ D = Standard error on the difference between means. D = Difference between means.
t = Fishers 't' statistic which is a critical ratio (although not all CRs are 't's).

Statistics in this table refer to an investigation of the null hypothesis arising from research hypothesis
: number one.




On all the other féctors the nﬁll hypothesis is éccepted,
implying thét there is no difference between teécher$ and
,stﬁdents in their attitﬁdes to these féctors; Whilst the Qélﬁes
ére by no meéns significént it is interesting to comment on én
apparent trend, contréry to the result énticipéted by the
originél hypothesis, némely.that on all other factors the
stﬁdents exhibit é slightly more positi;e attitﬁde thén do their

teachers.

8.4, Hypothesis 2.

"Attitﬁde to physics, mcésured by the éttitﬁde to physics
inQentory total score if éppropriéte (and on each independent
factor if composite scoring is inéppropriétei, will be more
positi&e for first yeér undergradﬁate students of physics thén

for academic teéching staff from disciplines other than physics."

The rele@ént nﬁll hypothesis is és follows: -

"The mean score compﬁted from all respondents who were first yeér
ﬁndergréddéte stﬁdents of physics will not differ from the meén
score compﬁted from éll respondents who were teéchers of

sﬁbjects other than physics;"

The arguments specified in p&ragréph 8.3; méy be épplied to this

hypothesis with the consequential prodﬁction of Table 8/4.

TABLE 8/4 ABOUT HERE

~8.4.1. A subjective considerétion of the hypothesis might lead the
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TABLE 6/%.

The significance of difference betwicen means for teachers of disciplines other than physics and

s

students of physics.

Otherwise coded as Table 8/3.

Statistics in this table relate to the null hypothesis arising from rescarch hypothesis 2.

M, = 33 MNPO Ms D = Jj0 = r = 1 tail test at 2 tail test at
v PR ————— D/ .05 level of .05 level of
NHPO = 17 ( 6’) (6 ) MOPT s GEMOP +€%§ GE) significance significance
_ HOP S
' ) ) ’ > -
FACTOR A 19.82 20.02 - 0.21 0.53 - 0.36 ACCERT ACCEPT
(3.73) (3.592) null hypothesis | null hypothesis
FACTOR B el.le ] 2155 - 0.43 0.60 - 0.72 | NCCEPT ACCEPT
(.05 (4.02) null hypothesis | null hypothesis
H < ~ar- "
FACTOR € 17.68 21.46 - 3.58 0.63 - 5.68 REJECT REJECT
(&4,33) (&4.62) null hypothesis | null hypothesis
FACTOR D 17.29 16.91 - 1.62 0.65 . 2.49 REJECT REJECT
(4,70) (4:.74) null hypothesis | null hypothesis
.
dof. = (Fy + M;) = Miop = Hean of non-physics teachers. M, = Mean of student sample.




\I

reader to the conclusion thﬁt it stﬁtes the ob@ioﬁs; As
teéchers of sﬁbjects other thén physics will eQidently hé;e
chosen not to pursﬁe thét sﬁbject ét some time in their pést,
one might dedﬁce thét such é decision woﬁld imply that their
attitﬁde to the sﬁbject (physicsi és measﬁred By the foﬁr
attitudinal féctors, woﬁld be less positi;e thén for students
who had made é choice in fﬁQoﬁr of studying the sﬁbject. This
gubjectiQe Qiew wés foﬁnd to Ee correct for féctors c énd D;
Thus both intrinsic moti@dtion to stﬁdy physics (Ci,énd

pleésﬁre from physics (Dj,are more likely to be positi;e
attributes of the stﬁdent of physics thén of én academic teécher
of a subject other thén physics; HoweQer, the data fails to
reject the nﬁll hypothesis on the first two féctors. Therefore,
élthoﬁgh the trend of the‘dété (the difference between meénsi
supports the hypothesis,the stétisticél énélysis indicétes that

there is no difference between first year undergraduate physics

students and teachers of subjects other than physics in their
éttitﬁde towards 'exam orientation' (Factor A - the importénce of
physics teaching as é means to péssing examinétionsi énd
'practical orientatic.’ (Féctor B - the importénce of the

précticél aspects or usefulness of physics).

Hynothesis 3

"First year undergraduate students of physics will be more
positvely crientated towards the requirements of an examination,
measured by Factor A of the attitude to physics inventory,

than will teachers of undergrédﬁéte physics;"
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8.6.

The implication of this hypothesis is that students will see
‘overcoming the hurdle' of an examination more important than

reading physics for physics sake.

The data suggests the contrary view is correct. Table 8/5 is

an extract of the relevant data from table 8/3.

Table 8/5. A comparison of student and teacher attitudes to an

examination orientation in physics teaching.

Teacher mean score

21.90; &1 < 2.85

Student mean score = 20.03; Gs = 3.59
Difference between means = + 1.687; O-D = 0.91
t-score = 4+ 2;05

It is quite clear from the data in table 8/5 that the teachers,
not the students, prize examination orientation (within the
teaching.of physics) more highly. -The students are less
willing to see their teaching directed principally towards
examination success than are their teachers. As will become
evident in Chapter 9, this result is contrary to popular opinion

amongst those concerned with physics education.

Hypothesis &.

“Teachers of undergraduate physics will exhibit a more positive
orientation towards practical work, intrinsic motivation and

obtaining pleasure from physics instruction, measured by the

three respective factors from the attitude to physics inventory,

200



than will first year hndergraduate students of physics;"

The relevant data may be extracted from table 8/3, énd is

reproduced as table 8/6.

i
|
| TABLE 8/6.

The difference between the mean scores of teachers

and students on Factors B, C and D of the attitude

to physics inventory.

Teachers Students Difference
Mean; factor B 20.95 21.55 - 0.60
ttean; factor C 20.53 21.46 - 0.93
Mean: factor D | 18.53 18.91 - 0.38
8.6.1. None of the differences between means were found to be

significant and

between the way

three attitudinal factors (B, practical orientation;

motivation and D, personal pleasure from physics).

so one must conclude that there is no difference

in which students and teachers respond to these

Although not

significant, it should be noted that the trend in all three

differcnces was in the opposite direction to that hypothesised,

8.7. Three categories of respondent provided data for the research.

These were first year undergraduate students of physics

(referred to in future as 'students'), teachers of first year

undergraduate physics (referred to as physics teachers) and
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teachers of undergraduéte subjects other than physics (referred
to as non-physics teachers); As wés described in preceding
chapters, every respondent's score on each of four éttitudinél
factors was recorded, and from these scores sets, or groups, of
respondents were identified as exhibiting a significantly

positive or negative attitude. Twenty-four such sets of

- respondents have therefore been identified, i.e. six categories

of respondent on four féctors of the attitude inventory. The
remaining hypotheses are concerned with the relationships
between these sets or groups of respondent, Table 8/7
identifies the respondents numbers included in each group,

identified by their code number.

TABLE 8/7 ABOUT HERE

. 8.8.1. Hypothesis 5.

"There will be a significant difference hetween the positiQe
attitude and negative attitude respondents of all three
categories, and on all four factors, in the way in which they
corporately perceive and categorise observed teéching acts on
criteria associated with effectiveness of teaching, identified
by a statistical comparison of element vectors and subjectively
by the respondents verbal constructions associated with the
principal components in the combined construct Spéce of the

appropriate respondent sub-group."

8.8.2. This hypothesis requires twelve comparisons to be made

&
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TABLE 8/7.

Membership of comparison groups

"(The numbers refer to the code numbers printed

on cach respondent's reply package}.

Physics Students Hon Physics
Teachers Teachers
4y 15; 163 18; 23; 44; | 26; 29; 41
24 49; 435 71;
§ _ . 73. .
b c (A) (J3) (S)
[O] (o]
n O oed -
<. 285 & 9; 13; 19. 21; 50; 52; 27; 43.
& 2388 _%¢ 55; 56; 65;
O AT 6Ga 67; 69; 70. :
= £S58556 (3) (K) {m
4; 85 9 35; 513 54; | 27; 32; 373
. 19. 5G; 57: 63 35; 47,
o m 65; 70; 72. |
0" A (©) (L) (v)
A O .
@ 99853 1; 10; 13; 23; U44+; 55; 263 28; 40,
& 5883 15; 24, 61; 62; 67;
= oo U= O
O VT e R : : 71. i
o £aad (D) (11) (V)
b5 8; S; 543 55: 58; 27; 37; 47.
15; 19.. 65; 66; 73.
Q N>
.:C'r—i-—-l . .
ToR . (E) (M) (w)
v O
O W8 : . _
c AamE Sy 10; 11; 245 | 215 €3; 67; | 26; 32; 40;
S £G o= 30. 705 72. 43.
(&) 17 Bire BT, IR R
< OC®=Q : _
L EmRnE () (P) (X)
e 6; 9; 13; 18; 23; 44; 263 29; 38.-
7 24, 50; 53; 54;
S o 58; 66; 73.
i (G) (Q) (Y)
%} v
O 9o - - -
e~ ames sy 10; 11 21; 36; 59; 32; 41; 42;
© HY%e 12; 17. 67; 68; 72. 43,
2 82832 - '
b G b (H) (R) (23
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between the positiQe and negative sub-groups of each of 3
cétegories on & attitudinal factors. These will be considered
in turn. Firstly Teachers on Factor A. (Cells A and B of

Téblq 8/7). Table 8/8 contains the relevant data.

TABLE 8/8 ABOUT HERE

The null hypothesis asserts that there is no significant
correlation between the groups under comparison and in order to
reject this hypothesis the correlation has to exceed + 0.754°
(at 0.05 level with (N - 2) degrees of freedom). As this value
is not exceeded in table 8/8 the null hypothesis is accepted.
However, trends may be as important as statistically significant
relationships, but before an inQestigation of any apparant

trends a digression is required to consider the statistics used.

The IMCGRID computer analysis packége described elsewhcre
normalises all scores. Thus when computing a correlation
coefficient it is acceptable to use Pearson r. (Spearman rho

could be used with ranked values but Pearson r has been selected

as it reduces the number of operations which need to be applied

to the raw scores).

To return to a discussion on trends it should be noted that any

comments must of necessity be subjective in nature, as
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TABLE 8/8. A co*périson between positive and negéti;e éttitﬁde

resggndents on Factor A (exam orlentatlon) drawn

from the sagple of physics Leachero

POSITIVE ATTITUDL
PHYSICS TEACHERS

MEGATIVE ATTITUDE
PHYSICS TEACHERS

ON FACTOR A ON FACTOR A
NUMBER OF
COMPONENTS 1 1
SIGNIFICANT
1. Gi&e reinforcement | Explicit
CONSTRUCT 2; Good ét explaration Précticél orientétion
LABELS . : . -
DESCRIBING 3. | Good general manner | Effective for weaker
A EFFECTIVE students.
TEACHER :
b4, Good spoken Introverted
presentation
PEARSON 'p!
BETWEEN . e ees e
ELEHENT - 0.626 (Mot significant)
VECTORS

(ThlS table 1ndlcates that there is no dlfference between the

number of components found signlflcant that a non- 51gn1f1cant

negatlve correlation exists between element vectors and some

construct labels used by respondents).
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stétisticélly the cvidence-cleérly states that there are no
significént relationships betﬁeen the sﬁb-groﬁps ﬁnder
consideration,

The statistical computations are embellished by a number of
observations; firstly for each class of respondent one
component is found significant. The hypothesis under
investigation implies that this will be a different component

for each class. This may be checked by considering the common
element vectors between groups. An element vector locates an
element somewhere along a component and if two distinct groups
locate the same elements in the same positions one may conclude
that the components are identical. In this case the correlation
is negative. Had the value been more negative than - 0.754 one
could have concluded that the two components were indeed related,
one being reversed in polarity to the other, however, that value
was not exceeded although - 0.626 is a large correlation
indicating that there is a tendency for the two groups to
éonstrue along a similar principal component with one group

reversing the polaricly.

Thus on the evidence presented the substansive hypothesis
{para. 8.8.1.) proves to be correct, the two groups do indeed

construe effective teaching quite differently.
Trying to interpret construct labels is a dangerous procedure,

as it is impossible to know what the respondent meant by the

verbal_label he assigned to his construct. However, providing
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this danger is acknowledged the listing of those constructs
known to best describe the component under consideration often
provides a powerful, though subjective, reinforcement of the

mathematical comparison., -

By scanning the construct Qectors to identify those with the
highest numerical value (irrespective of sign) the four
constructs most strongly associated with the component may be
identified. The sign then informs the researcher which pole of
the construct to identify. HaQing followed this procedure,
table 8/8 lists the four constructs best describing the principal
component for each sub-group. The reader has to attempt the
impossible task of lcoking at four phrases (which may or méy not
be interpreted by him in the same way as the originator of the
construct used the phrase) and tease out an underlying component
description! Impossible though the task really is, there is
often an apparent contrast between the two descriptions. .The
author hesitates to add further confusion by specifying his
construction of the component descriptions in this example but
would suggest, however, that if the reader chooses to approach
the task it may emerge that these two groups are indeed

construing the common elements along different components.

- 8.8.3. The process of paragraph 8.8.2. may be repeated for the
second of the twelve comparison groups. Remaining with teachers
of physics the comparison is now made on Factor B. (Cells C and

D). The relevant data are tabulated in Table 8/9.
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TABLE 8/9 (a).

A comparison hetween

positive and neqgative

attitude respondents

on Factor B (Practical

bias) drawn from the

sample of physics teachers.

POSITIVE ATTITUDE
PHYSICS TEACHERS
Ol FACTOR B

MECATIVE ATTITUBE
PHYSICS TEACHERS
ot FACTOR B

Number of components

1 6

Significant

1 Effective.for

weaker students

Construct > Match work to
labels used by students ability : :
respondents See Table 8/2 (b)
to describe
principal 3 Practical
compongnt oricentation

4 Clarity of diction

Correlation between
common element

veclors

+ 754 (Significant 0.05)

(This table highlights a significant positive currelation

between the groups specified and attitude Factor B)
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TABLE 8/9 (b).

As six components were significant for negative

attitude teachers on Factor B, this table

supplements 8/9 (a).

The four constructs with highest vectors for

COMPONENT each component.
1 | Reinforcement
1 2 | General manner
3 | Audibility
4 |Use of blackboard . .
1 | Teachers other subjects in addition to physics
) 2 | Effectiveness
) 3 | Mew ideas
& | Recearch interests
1 | Chalk and talk
3 2 | Get down to students leQel
'3 | Student orientated
4 | Confidence of presentation
1 | Cleanliness of chalk board
4 2 | Ambition
3 | Theoretical emphasis
4 | Experience as teacher
-1 | Entertaining
5 2 | Clarity of drawings
3 | Likeableness
4 | Logical approach
1 | Student involvement
p 2 | Warmth of teacher
Clarity of thoughts
4

Personality strength of teacher
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In this cése the nﬁll hypothesis is cleérly rejected as both
gfoﬁps do construe effectiQe teaching élong the same principél
components. HoweQer, negatiQe attitude teachers are far more
discrimiqéting in classifying obserQed teéching acts,construing
in six dimensions as opposed to the unidimensional approach of
the positive attitude teachers on this attitude factor. The

substansive hypothesis is therefore not accepted in this case.

_3;8.4. MoQing to Factor C, the physics teacher groups become E and F

from Table 8/7. The data appears in Table 8/10.

TABLE 8/10 ABOUT HERE

Once again the negative attitude teachers construe in more

dimensions than do the positive attitude teacherq)(le) howeuzr,

there is no significant relationship between their construction
eden

of the first principal componenq‘when the sﬁbstansive hypothesis

is sﬁpported.

. 8.8.5. The last physics teacher comparison is between the positive
and negative attitude groups on Factor D (Personal pleasure from
physics) and these respondents are contained in cells G and H of

Table 8/7, Table 8/it contains the comparison data.

TABLE 8/11 ABOUT HERE

Intuitively one might expect personal pleasure from jphysics to be
construed most differently by groﬁps exhibiting positiQe and

negative attitudes to this factor respectively. The data
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TABLE 8/10 (a).

A comparison between positive and negative

‘attitude respondents on Factor C (Intrinsic

Motivation) drawn from the sample of physics

teachers.

POSITIVE ATTITUDE
PHYSICS TEACHERS

NEGATIVE ATTITUDE
PHYSICS TEACHERS

ON FACTOR C ON FACTOR C
Number of components
A\
L 5
Significant
1 Match work to
students ability
Construct
labels used by
respondents - 2 Good See Table 8/10 (b)
to describe
principal
component 3 Student orientated
3 Practical
orientaticn

Correlation hetween
common element

vectors

+ 754 (Significant 0.05)

(This table highlights a significant positi§e
correlation between the groups specified and
attitude Factor C)
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TABLE 8/10 (b). As three components were significant for

negative attitude teachers on Factor C, this
table supplements Table 8/10 (a).

The four constructs with highest
COMPONENT vectors for each component
1 Students participate
2 Logical approach
1
3 Component
4 Effective reinforcement
1 College
2 ?
2
3 Moves around
4 ProgressiQe
1 Uses questions and answers
2 Mathematical
3
3 Teaching aids
4 Fair speed
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TABLE 8/11. A comparison between positive and neqatiQe attitude

respondents on Factor D (Personal pleasure from

physics) drawn from the sample of physics teachers.

POSITIVE ATTITUDE NEGATIVE ATTITUDE
PHYSICS TEACHERS PHYSICS TEACHERS
ON FACTOR D ON FACTOR D
Number of components
1 1
Significant
1 Clear simple message | Good blackioard use
Construct 2 Clear diction Good subject
labels used by knowledge
respondents
to describe -
principal . 3 |- Slow methodical, Formal approach
component clearly illustrated
4 Brash - Agﬁressive
Correlation between
common element + 0.0095 (not significant)

vectors

(This table shows that teachers of physics of
differing attitudes on Factor D construe
effective teaching in unrelated ways).
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shpports this view in that there is no correlation between the
first two components (r =.0.0095).- The verbal labels indicate

the kind of distribution which is hade.

The hypothesis stated in péragréph G;B.L. is therefore
supported by the data in all but two attitﬁdinal féctors, B
and C. - Teachers of physics exhibiting a positive attitude to
each of the'reméining two factors haQe a significéntly
different Qiew of what an effecti@e pedégogic style will be

thén do their colleégues exhibiting a negéti;e attitude.

Thﬁs two hypothetical teachers who haée differing éttitudes to
ény one of the two differentiéting factors (exéminétion
orientation or personal pleésure from phy51055 méy belie&e
thcmsel?es to be effective because they édopt their
attitudinél peer group desﬁription of effectiQe teéching.l

To the externél obserQer these chosen pedégogic stvles will be
significéntly’different. (They méy, of coﬁrse, both be
effectiQe dependin§ on the perceptions of the stﬁdents but
sﬁch-canéiﬁsiggg:can only be gréwn after an in@estigétion of

the other hypotheses being considered in this research.)
- §.9.1. The same hypothesis méy now be investigated for stud:ents,.

Cells J and K of Table 8/7 identify the appropriate attitude

groﬁps for Factor A. _fablg 8/12 contains the relevant data.
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TABLE 8/12.

A comparison between positive and negative attitude

respondents on Factor A (Exam orientation) drawn

from the sample of students.

POSITIVE ATTITUDE
PHYSICS STUDENTS

NECATIVE ATTITUDE
PHYSICS STUDEMTS

ON FACTOR A ON FACTOR A
Number of components
1 5 %
Significant
Well qualified Speaks well, sure
and well planned.
Construct Competent in Good talker

labels used by
respondents to

field

describe
principal
component

Puts over a
reasonable amount
of information

Uses 'pfops' well

Explains

Cleér diagrams

Correlation between
common element

vectors

+ .754 (Significant 0.05)

* Unlike his treatment of the teacher sample, the author
has not listed constructs used beyond the first
component unless more than one component is significant
for both groups.
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Clearly the students exhibiting differing éttitudes to this
factor do construe effective teaching differently althoﬁgh there
is a trend (not significant) to suggest that some sméll
relationship might exist. The verbal labels méy help to
indicate, as before, the kind of difference in perception which
exists. As w;th the teacher groups it is the negatiQe attitude
stﬁdents who have a greater discriminating capacity (5 signifi-
cant components as opposed to one) indicating that they are more
capéble of seeing strengths and weaknesses in a variety of

pedagogic practice.

8.9.2. Progressing orward to Factor B (practical orientation) the
student groups are L and I4 from Table 8/7. The relevant data is

included in Table 8/13.

TABLE 8/13 ABOUT HERE

A correlation of - 0.8216 exceeds the critical value for
rejection of the null hypothesis. One may conclude therefore
that the two groups considered do construe effective teaching
along the same component although the negative correlation
indicates that for one group the component is rotated through
_1800. The words used to describe the components appear to
describe thers ame cemponent élso, thus strengthening the
statistical evidence. This relationship whilst contrary to that
anticipated in the hypothesis under investigétion is a répli-

cation of the findings obtained from the physics teacher group in

paragraph 8.8.3.
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TABLE 8/13.

A comparison between positive and negative

attitude respondents on Factor B (Practical

orientation) drawn from the sample of students.

POSITIVE ATTITUDE
PHYSICS STUDENTS

NEGATIVE ATTITUDE
PHYSICS STUDENTS

ON FACTOR B ON FACTOR B
Numbexr of compbnents
1 1
Significant
1 | Clear teaching Inspires
confidence
- . ] E\
Construct 2 | Interesting Seems to hold Q
labels used by. a class U
respondents to A
describe L
princinal 3 Good presentation Good
component explanations 5
Lt
4 Interested in 8
physics for its Teacher N
own sake D

Correlation between
common element

vectors

- .8216 (Significant relationship
if one component reversed)

(This table indicates that students of differing
attitudes on Factor B (practical orientation),
construe effective teaching along a common component
save that students at opposite poles of the attitude

scale reverse the scale descriptions).
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~B8.9.3. Factor C student groups are identified in Table 8/7 as N and

P and these are compared in Table 8/l4.

TABLE 8/14 ABOUT HERE

Although the null hypothesis cannot be rejected with é'
correlation of - .7161 (i.e. one cannot assert that the
correlatiop is not zero) the magnitude of the correlation is
indicatiQe of a trend. Thus although the hypothesis stated in
paragraph 8.8.1. is confirmed the difference in construction of
an effective teacher by these particular groups is not és great
as for most previous éomparisons. The negative sign indicates
that the tendency to corre¢late is between one groups principal
component and the other groups principdl component rotated
through‘lsoo. The subjective appraisal of the constrﬁct labels
once again supports the statistical evidence as the words used
seem to be related although at the same time distinet differences

may be detected.

8.9.4. The final comparisen for the student groﬁp is on Factor D
(Personal pleasure from physics) hetween groups Q and R from

Table 8/7. Table 8/15 contains the relevant data.

TABLE 8/15 ABOUT HERE

In common with the physics teacher sample on Factor C the student
sample produces a near zero correlation. 0f all four factors

for the student sample the fourth (personél pleasﬁre from
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TABLE 8/1%4.

A comparison between positive and negative attitude

respondents on Factor C {(Intrinsic motivation)

drawn from the sample of students.

POSITIVE ATTITUDE
PHYSICS STUDENTS
ON FACTOR C

NEGATIVE ATTITUDE
PHYSICS STUDENTS
ON FACTOR C

Number of components

Significant

Down to carth

Easy to listen to |

Construct labels
used by

Meat, well sorted
out and ordered

Inspires confidence

respondents to
" describe
principal
component

Speaks clearly
and holds
attention

Good presentation

3

Logical thinking

Good approach

Correlation between
common element

vector

- 0.7161 (not significant}
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TABLE 8/15.

A comparison between positive and negative attitude

respondents on Factor D (Personal pleasure from

physics) drawn from the sample of students.

POSITIVE ATTITUDE
PHYSICS STUDENTS

NEGATIVE ATTITUDE
PHYSICS STUDENTS

ON FACTOR D . ON FACTCR D
Number of compdnents 1 1
Significant
Not too maths Inspires
minded confidence
Constrdct labels Professional Interesting

used by
respondents

teacher

to describe
principal
components

Puts over a
reasonable amount
of information

Seems to hold cléss

Very interesting
to listen to

Puts over well

Correlation between
common element

vector

significant)
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physics) shows the greétest difference in perception of whét én
effective teécher of physics might be like; The hypothesis
(parégraph 8.8.1.) is therefore supported by the data from
physics students for 3 of the four factors of the attitude
inQentory. The one where the hypothesis is not sﬁpported is
Factor B (practiéal orientation) where the student sémples, in
common with the teacher samples, do not differentiate between

styles of effective teaching.

8.10.1. The third, and final, category is that of non-physics
teachers. This group was specifically included in the analysis
as the elements of the group (teachers of undergraduate subjects
other than physics) were less likely to specify discipline
related criteria of pedagogic effectiveness thén were the other

two groups..

The hypothesis of paragraph 8.8.1. is now investigéted for this
category of respondent on each factor in turn. For Factor A
groups S and T from Table 8/7 are used to provide the data in

Table 8/16.

TABLE 8/16 ABOUT HERE

A correlation of + 0.8482 indicates a significant relationship.
Thus the two non-physics teacher attitude groups on Factor A
perceive an effective teécher along a common component, the null

hypothesis is therefore rejected;
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TABLE 8/16.

A comparison hetween positive and negative

attitude respondents on Factor A (Exam

orientation) drawn from the sample of non-physics

teachers

POSITIVE ATTITUDE

NEGATIVE ATTITUDE

NON-PHYSICS NOM-PHYSICS
TEACHERS ON TEACHERS OM
FACTOR A FACTOR A
Number of components
. 1 1
Significant
Cood teacher Liberél

Construct lébels
used by
respondents to

Clear presentation

Abstréct in
teaching approach

describe
principal
components

Class
participation
explicit

Perceptive

Interesting lesson

Interested only in
exam results

Correlation between
common element

vector

+ 0.8482 (Significant)

(This table indicates that irrespective of attitude .
score on Factor A, teachers of discipline other than
physics construe effective physics teaching in the

same way)..
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'8.16.2. The non-physics teacher groups for comparison on Féctcr B
(practicél orientation) ére identified from Tale'BIT és U énd V.

Table 8/17 lists the relevant data.

TABLE 8/17 ABOUT HERE

A near perfect correlation coefficient of + 6;932 indicates that
for non-physics teachers there is no difference between the
positive and negative scoring groups on Féctor B’(préctical
orientation) in the way they perceive an effective physics

teacher.

- 8.10.3. Factor C, intrinsic motivation, is the third factor for
investigation. The non-physics teachers constitute groups V

and X from Table 8/7. Table 8/18 contains the comparison data.

TABIE 8/18 ABCUT HERE

(From Table 8/18 it will be apparent that once again the
correlation is sigﬁificant so both attitudinal groups construe
effecti#e teaching along a common principal componcntj; Hocher,
it should be noted that the positiQe attitude teachers (on this
factor) are more discriminating than the negétiQe attitude
teachers as 5 rather than 1 comeonenits were fdﬁnd to be signifi-

cant,

- 8.10.4. Factor D, personal pleasure from physics, is the lést
comparison to be made, in this case between groups Y énd Zin

Téﬁle 8/7. Table 8/192 contains the relevant data.




TABLE 8/18. A comparison between positive and negative attitude

respondents on Factor C (Intrinsic Motivaticn)

drawn from the sample of non-physics teachers.

POSITIVE ATTITUDE
NON-PHYSICS
TEACHERS ON

NEGATIVE ATTITUDE
NON-PHYSICS
TEACHERS ON

FACTOR C FACTOR C
Number of components
5 1
Significant
Construct labels Perceptive Use of concrete or

| used by
respondents

pictorial material

to descrike
principal
| components

Establish rapport

Interested in under-
standing rather than

fact learning

Liberal

Correct teaching
speed

Interesting to
listen to

Clear enunciation

Correlation between
common clement
vector

+ 0.8775 (Significant)

224




TABLE 8/17. A comparison between positive and negative

attitude respondents on Factor B (Practical

orientation) drawn from the sample of non-

physics teachers

POSITIVE ATTITUDE
NOM-PHYSICS
TEACHERS ON
FACTOR B

NEGATIVE ATTLTUDE
NON-PHYSICS '
TEACHERS ON
FACTOR B

Number of components

Significant

Perceptive

Good teacher

Construct labels

Could effect
interest in

Class particip-

azion explicit

used by .
respondents to learning
describe
principal Liberal Good lesson
components
Rapport Good teaching
established method

Correlation hetween
common element
vector

+ 0.9321 (significant)

{(This table replicate

s the findings of Table 8/16

save that the attitude factor is changed from A to B).
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TABLE 8/19. A comparison between positive and negative attitude

respondents on Factor D (Personal pleasurc from

physics) drawn from the samples of non-physics

teachers
. * - )
POSITIVE ATTLTUDE NEGATIVE ATTITUDE
NON-PHYSICS NON-PHYSICS
TEACHERS Ol FACTOR D TEACHERS ON FACTOR D
Number of components 1 1
Significant
1 { Good teacher Clear, logical
explanation
Construct labels
used by e ‘e .
respondents to 2 ClaQ?-Part1c1patlon U§e of_concrgte_or
, . explicit .pictorial materials
dgescribe
principal
components 3 | Good lesson Verv interesting
teaching
4 | Clear presentation Teaching speed
correct
Correlation between
common element + 0.8439 (Significant)
vector

(Non-physics teachers classified as either positively
or negatively orientated to Factor D (Personal pleasure
from physics) construe effective teaching along a
common component).
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- 8.11. Having considered the twelve comparison groups, some general
conclusions may be drawn in relation to the hypothesis under

investigation.

The hypothesis states that there will be a significént difference
between the positive attitude and negatiﬁe attitude respondents
of all three categqories, (physics tedchers, stﬁdents énd non-
physics teachers), and on all four factors, (A: Exam orientation;
B: practical orientation; C:Intrinsic Motivation: D:Personal
pleasure from physics), in the way in which they carporétely
perceive and categorise observed teaching acts on criteria

associated with effectiveness of teaching.

The results may be summarised in a correlation matrix.

TABLE 8/20 ABOUT HERE

Table 8/20 identifies an interesting pattern. One méy conclude
that respondents associated with physics, be they teéchers of
physics or students, will percei?e dﬁffcrent styles of teaching
as effective dependent on their attitude to the factors; exam
orientation; intrinsic motivation; and personal pleasure from
physics as was hypothesised. HoweQer, differing attitﬁdes to
Factor B (practical orientation) does not alter any class of

respondents perception of an effectiQe teacher of physics.,

The implication of accepting the hypothesis lies in the region

of matching teachers perceptions of effectiveness with that of
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TABLE 8/20. A correlation matrix summarising the significant

relationships identified.

BN

FACTOR FACTOR FACTOR FACTOR

A B ¢ : D

PHYSICS sIC.
TEACHERS
STUDENTS SIG.
NON-PHYSICS SIG. SIG. SIG. SIC.
TEACHERS

The blank cells indicate regions where the hypothesis was
supported.whilst the cells indicated by 'SIG' show where the
two attitude groups share common componentsj.

(See Paragraph 8.1l1.)
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their stﬁdents. This data does nothing to in&estigéte sﬁch
matching (or mismatching) but it does sﬁggest that either two
students, or two teachers exhibiting different éttitﬁde; on ény
one of three factors will consider quite different styles of
physics teaching as effectiQe. Later in this chapter, teécher/

student matchings will be considered.

The second general conclusion arises from the rejection of the
hypothesis for non-physics teachers across all four féctors;
The data therefore suggests that it is only an awareness of
tphysics curriculum content' which causes differing éttitude

groups to identify different pedagogic styles as effective.

Thirdly Factor B (practical orientation) does not distingﬁish
attitudinal groups who perceive effective teaching of physics

differently.

' Finally, with one exception (non-physics teachers on Féctor C)
where attitude groups construed effectiQe teéching in more than
one component the more flexible component space wad élways found
in respondents who exhibited a negative éttitude; These
variations are not significant in the statisticél sense althoﬁgh
one might subjectively conclude that respondents who haQe a
negétiﬁe attitude are more likely to exhibit greater discrimi-
nation when categorising an observed teaching episode than are

their colleagues exhibiting a positive attitude.
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_8;12;1; Hypothesis 6;

"There will be é greater positive correlation between the
perception énd cléssificétion of observed teaching episodes by
teéchers of physics énd students of physics when respondents
with similér éttitﬁdes are compared than when differing attitude

groups are compared."

If this hypothesis is found to be correct then matching students
and teachers by attitude will ensure common staff-student

perceptions of effective teaching.

The hypothesis may be inQestigated by establishing a correiaticn
métrix containing all the releQant data. In each case the
correlation between the common element Qectors (from the grids
or éttitudiﬁdl groups on each attitude factor) is computed.

A high positive value (+ 0.754) indicates that on the first
princip&l component the elements (observed téaching'episodes)
are constrﬁed in a similér way, a correlation of + 1.0 would
indicéte that the component were identical for each class of
respondent being compared. The null hypothesis states that
there is no similérity between each pair of element Qectors

and to be rejected at the .05 level of significance, the
criticél value of T (which has to be exceeded to reject tihe null

hypothesis) is 0.75.
- 8.12.2. Each factor méy be considered in turn. Thus Factor A

provides four sets of respondents, positive and negative

attitude teacners and students. A correlation matrix can be
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drawn as in Téblq 8/21;

TABLE 8/21 ABOUT HERE

Oné cell in the matrix was foﬁnd to contéiq é Qélﬁe lérge cnoﬁgh
to reject the null hypothesis. That cell compéred positi;e
éttitﬁde teachers wiéh negéti@e éttitﬁde stﬁdents, both groﬁps
constrﬁe obserQed teaching acts élong a common component (r =

+ Oﬂ78). This cleérly opposes the Qieﬁ expressed in the sixth
hypothesis which énticipéted thét sﬁch a compérison woﬁld héQe
yielded the lowest correlétion. No other péttern emerges from

the métrix.

The hypothesis ﬁnder in&estig&tion mékes no stétement éboﬁt
similarities or differences existing only in the first component
and yet the matrix considers only this 7Tirst principél component
in making compérisons. One might question the Q&lidity of
conclusions drawn from sﬁch data when no check appeﬁrs to hé@e
been méde to ensdre that significént differences do not exist

in lower order components.

The Bértlett test hés been used to identify how mény components
ére significént at the .65 leQel of significénce énd where o
thén one component is significant for both compérison groﬁps the
element vectors across all significant components are compéred.
In Téblq 8/21 only one component was significént for each
compdrison péir and so any relétionships existing in lower order
components could not be significént at the 6;65 level. HoweQer,

to test this two specimen groups of respondents were chosen at
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TABLE 8/21.

Factor A, exam orientation, a comparison of

teachers and students (classified by attitude to

this factor), perception_and classification of

observed teaching cpisodes.

A B C D

Positi?e éttitude

A 100 - OOO.L + 0578*
teachers
PositiQe attitude y

B 1.0 .51
" students
Negative attitude

C 1-0 - -66
teachers
Negative attitude

D 1.0
students

(Note:- cells x and y have been investigated under
a separate hypothesis).
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random from Table 6/21 (actually B vs €) and correlations
between the first six compcnents compﬁted; These correlétions
méy be weighted by the Eigen Qélﬁe énd their effect on the
computed Qélue éscertéined. SQch a process effected the
correlation entered in Table &/21 by less than 2% élthoﬁgh
ﬁnweighted correlations exceeded the ;élﬁe compﬁted in the first
component on seome lower order components, This process cénnot
gﬁarantee that come relationship does not exist in dimensions
unmapped, but it does ensure thét ény significént relzationship

existing in mapped dimensions will emerge.

In summary one can cite an example; If nagétiQe attitude
physics teachers on Factor C were compércd with positiQs attitude
non-physics teachers on the same facter three components wcﬁld
he compared/because for the former group tlhwe e components were
significank and for the latter fch components weare significént.
Repeéting the exercise described e#rlicr in this pérégréph for
thdt groﬁp, significﬁnt reljtionships méy ne identified in the
2nd. and 3rd. components althsﬁgh no significdnt reletionship is
eﬁident in the first. The general rﬁle applied throﬁghoﬁt the
resedrch therefore is to consider, for comparéti@e purposes, the
highest nﬁmber of components found significant by the Baitlett

test ccemmon to bolh coisparative groups.

The exercise of paragrapn €,12.2. may be repeated with Factors
B, C and D, the data for which is tabulated in Tables 8/22;

- 8/23 and 8/24 respectiQely.
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TABLE 8/22.

Factor B, practical orientation. A comparison of

teachers and students {classified by attitude to

this factor) perception and classification of

observed teaching epnisodes

A B c D
PositiQe attitude teachers| A 1.0 + <53 X - .17
Positive attitude students| B 1.0 + .96* y
Negative attitude teacher; C 1.0 .= 297
Negative attitude students| D 1.0

{Note: -~

TABLE 8/23.

cells x and y are considered in a separate hypothesis)

Factor C, Intrinsic motivation.

A comparison of

Teachers and stuadents {classified by their attitude to

this facior) perception and classification of

abserved teaching episodes.

A B C D
Positive attitude teachers| A 1.0 + .25 X - .35
Positive attitude students) B 1.0 - .89*% y
Negative attitude teachers| C 1.0 + .80%
Negative attitude students| D 1.0

(Hote: -

cells x and y are

considered in a separate hypothesis)
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TABLE 8/24; Factor D; Personal pleésﬁre from physics;

A comparison of teachers and students (classified

by their attitude to this factor) perception

and classification of observed teaching episodes.

A B C D
Positive attitude teachers Al 1.0 - .lb b - .22
Positive attitude students B l.b + JIT* y
Neéative attitude-teaéhcrs C l.C + .0L
Negative attitude students. 0| 1.0
(Note:- cells x and y are considered under a sepér;te hypothesis)
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] 8;12.9. The significént relétionships Are asterisked in Téble; 8/21

to 8/24 respecti@ely;

Exém orientétion: Positi;e éttitﬁde teéchers)
Negéti&e éttit&de stﬁdents;

Practicél orientétion: Positi&e éttitﬁde stﬁdentsi
Negéti;e éﬁtitﬁde teéchefs;

Intrinsic moti&étion: Positi&e éttitﬁde stﬁdents)
Negéti&e éttitﬁde teéchers;
Negative attitude teachers)
Negéti@e éttitﬁde stﬁdents;

Personél pleasure

from Physics: Positive attitude students)
Negati;e éttitﬁde teéchersg

It shoﬁld be noted that the sigﬁ of the correlétion is
irreleQantlfor this considérétion,és a negéti&e ~orrelztion
indicétes a positi&e relétionship between the comp;nents with
the polarity of one re;ersed;. in other words the ‘same
component is being ﬁsed élthoﬁgh its orientétion in constrﬁct
spéce is reéersed.

Three generél obser&étions méy be made from the dété. Firstly
with one exception (Teéchers and Students, both with a negétiée
éttitdde to the intrinsic moti&étion féctori éll the

sigﬁificént relétionships show the hypothesis to be false.

There is, in other wofds, no gﬁéréntee thét stﬁdents Snd teéchers
whb exhibit é common éttitﬁde score on éll féctors except
intrinsic moti&étion, will percei&e én‘effectiQe teéching style

in a common way.,
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Secondly the dété pfo&ides e;idence to sﬁggest thét the contréry
Qiew to thét expressed in the hypotheses is the cése, némely,
teéchers énd stﬁdents who exhibit opposing éttitﬁdes ére more
likely to percei@e Sn effectiQe teéching style in a common wéy.

Such was the case in four of five significant relationships.

Thirdly, the emergence of one cell (positi&e Attitﬁde stﬁdents,
negétiQe attitude teéchers) as contéining a significént
relationship in three of the four éttitﬁdinél féctors; Thus
stﬁdents who exhibit é positi&c éttitdde to a précticél
orientétion in physics instrﬁction, exhibit é positi;e score on
the intrinsic moti&étioq féctor or score positi@ely on the
personél pleésﬁre from physics score ére most likely to describe
én effecti&e teécher of physics in the séme wéy és a teécher who
exhihits é negéti&e score on ény, or,éll, of these féctors;

The commonélity of perception might beccme more :Qident if the
construct 1ébels ﬁsed to describe the componentis were listed;
Thﬁs, with the séma reser&étions as preQioGsly noted the author
hés specified the six constrﬁcts from each which most closely
descriﬁe the component cohpéred. This information is inclﬁded

in Table 8/25.

TABLE 8/25 ABOUT HERE

S0 although the two groups exhibit quite opposite attitudes a
subjective look at the constructs used tends tc support the
statistical evidence recorded. It wqﬁld be a brave reader who

éttempted to specify why sﬁch a result méy have been obtéined.
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TABLE 8/25. The words used by positive attitude stﬁdents énd
: negative attitude teachers (Factors C and D) which
best describe their common component.

Paositive attitude students Negative attitude students
Clear teaching : Reinforcement

Interesting General manner

Down to earth - Students participate

Neét, well sorted out and ordered Logicél approéch
Not too maths minded Good blackboérd use

Professional teacher Good subject knowledge

The rocsult is contréry to popular 6pinion émongst teéchers of
physics, but in informal discﬁssion with sﬁch persons seQeral
explanétions ha;e been postulated. 0f the range of sdggestions,
the oﬁe most often cited hypothe;ises:%hét a student with a
positiQe éttitude on these three féctors,is more likely to seek,
és ideél, a pedégogic style which maximises 1eérning and

. enjoyment withoﬁt pressures imposed-by exéminétion curricula.
Teéchers who exhibit a negati&e éttitude méy recognise their
personél attitude énd percei&e an ideél pedégogic style in é
similér ménner becaﬁse of their own awéreness of their own chosen
teéching style. Some eQidence is éQailable to sﬁpport this Qiew
55 more teéchers in these categories pepceiQe themsel&es és
'ineffectiée' thén do teachers in ény other class. (This dété

is accessed by looking at the individual INGRID analysis for each
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teacher in the groﬁp énd comparing the 'self! pedégogic style
with both 'ideal effective' and 'ideal ineffective.' The

'self! méy be placed on an effecti&e-ineffectiQe continuum and
these teachers are generally found to pléce themselves nearer

the 'ineffectiQe' endi. The preceding discﬁssion extends

beyond the frémework of the hypothesis which is cleérly rejected,
'bﬁt was included for two reasons, firstly to sﬁggest tb potentiél
rgéders the possibility of exploring the predicti&e nature of the
instrument};nd secondly to highlight the fact that the obser&ed

relationships do not imply that negative éttitude teéchers will

exhibit the teaching style they proclaim to be most effective.

‘ 8.13.1. Hypothesis 7.

In the discussion of hypothesis fiQe, the éuthor sﬁégested thét
both students and teéchers of physics might tend to ﬁse criterié
associéted with the discipline of physics when éppréising é
teéching experience; Such criteria would be outside the range
" of conQenience {to use Kelly's term) for teacher; cther than of
physics énd so their criteria are more likely to be discipline
free, and éssociéted with the pedégogic content; This seﬁenth
hypothesis attempts to in&estigéte these criterié by these
groﬁps and, if supported, by the dété, will confirm the
sﬁbjecti&e obser@ations made by tiwe author in his discﬁssion of

hypothesis 5.
The hypothesis is: "The corporate perceptions énd cétegoris-

ations of observed teaching episodes, against effective teaching

criteria, by each of the classes of respondent will show greater
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similérity between stﬁdents of physics énd teéchers of physics,
thén ény similérity between ény other two groﬁps; The
compérison will be méde objecti@ely és in hypothesis 5, ﬁsing
common elemeﬁt Qectors, and where significént relétionships ére
seen to exist, by subjecti&ely listing constrﬁct lébels és Qsed

by eéch class of respondent respectively."

As respondents exhibiting differing attitddes to eéch of the
foﬁr attitude factors haﬁe élreédy been shown to hé&e differing
perceptions of effecti&e teéching, the énélysis mﬁst be
replicated for eécﬁ of the eight attitude groﬁps; Téblq 8/26
records the correlétions,'fhe hypothesis, if it is correct,
asserts that the correlations in column 1 will exceed those

elsewhere in the téble.

TABLE 8/26 ABOUT HERE

A suitable nﬁll hypothesis would be that there is no difference
between the columns of téblg 8/26. In order to inQestigéte the
nﬁll hypothesis the columns of table 8/26 méy be compéred Using

Fishers t formula ....

1- M

X 2 + X 2
1%

N (N - 1)
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TABLE 8/26. A téble of correlétions between Physics Teéchers,

attitude factors and groups

Students and Mon-Physics Teachers across all

from Physics

Physics Physics Physics
Teachers Teachers Students
Vs vs Vs
Physics Hon-Physics Mon-Physics
Students Teachers Teachers
Column 1 Colﬁmn 2 Column 3

Factor A - .01 - .68 - .32

Exam

Orientation - .66 + .88% - .88%

Factor B + .53 v 71 v .83%

Practical

Orientation - .27 + .70 - .58

FaCtOI.‘ C + .25 - 062 - 139

Intrinsic

Motivation + .80% + .56 + W71

! Factor D - .10 - .72 + .19
Personal
Plecasure - .16 + U2

(Note: for the hypothesis to be supported, the
correlation in column 1 will exceed those in
other columns for each row).




where

Ml = mean of one distribution

M2 = mean of second distribution

x2 = sum of ‘deviations squared' from the mean
Ni = sample size

It shoﬁld be noted thét the figﬁres being compéred are
corre{étion coefficients and the meén of two or more correlétion
coefficients is itself not a correlétion, this does not preclﬂde
the use of the Fisher t statistic as the null hypothesis éssﬁmes
no difference between columns in téblq 8/26 in other terms it is
concerned with the consistency of differences between the
individual correlations. The sign of the correlétion is élso
of little importénce és a correlétion of - 1.6 woﬁld imply
perfect métching of respondents éomponents bﬁt with one groﬁp
reQersing the polérity; This research is concerned with
similarities in constrﬁing common eQents not with the wéy those
systems of construction ére épplied and so S high negéti&e
correlétion is eqﬁi@alent to a high positiQe correlétion with

respect to the hypothésis under investigation.

The t statistic was chosen by the aﬁthor réther than Z or ény
other élternéti&e becéﬁse of its relatiQe independence of
kurtosis,and its acceptébility for small samples. As with all
other compﬁtations the leQel of significance in this cése wés

the 5% leQel;

Téble 8/27 contains the results of the calculations.
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TABLE 8/27; The resﬁlts of é compérison between the colﬁmns of
Table B8/26.

Mean Standard Fisher t with
deviation other groups

Column 1 2 | 212+
52y51cs Teachers 42 31
Physics Students 3 1.48
Column 2 1 2.12 ¥
52y51cs Teachers 72 21
Non-Physics Teachers 3 0.64
Column 3 ‘ 1 1.48
$2y51c5 Students 63 o5
Mon-Physics Teachers 2 0.64

The null hypothesis is rejected in the
cells asterisked.
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.8;13;2; A consideration of tébles 8/26 énd 8/27 is qﬁite re;eéling
in relétion to the seventh hypothesis as specified in

paragraph 8.13.1.

Firstly, Qery few of the correlétions in téblg 8/26 are
significént, in fact only foﬁr from the 24 cells; Howe;er,

- with the exceﬁtion of one line-éll the correlétions in column 2
ére greéter thén those in colﬁmn 1,indicating that physics
teéchers énd teachers other thén of physics tend to constrﬁe
effecti&e teaching in the séme wéy more often thén do physics
teachers énd physics stddents; The séme coﬁld be séid of the
compérison of column 3 with column 1 where the séme obser&étion
can be made, for in this cése too all bﬁt one correlétion is
greéter in column 3. There is no such trend e@ident between
columns 2 énd 3 where no regﬁlar pattern emerges; The contents

of téblg 8/27 enéble these casual observations tu be quéntified.

The nﬁll hypothesis is rejected by the relétionship between
colﬁmns 1 and 2; In other words teéchers (whether they be of
physics or of énother disciplinei do construe effecti@e teéching
in common terms significéntly more often thén do physicists
(whether they be Stﬁdents of physics or teéchers of physicsi;
Fﬁrthermore, élthough the relétionship is not significéntg'
physics stﬁdents tend to constrﬁe in terms more freqﬁently
éssociéted with non-physics teéchers thén they do with physics

teachers.

Some caution neceds to be exercised in accepting Lhese comments

as the sample of data from which the conclusions were drawn
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inclﬁdes respondents with either strong positi@e or strong
negéti&e éttitﬁdes on the foﬁr éttitﬁde inQentory féctors;

It did not include those with neutral, or undecided attitudes.
Howe&er, the kinds of construct lébels used éppeér to be
independent of attitude és will become e;ident from é perﬁsél

of table 8/28.

TABLE 8/28 ABOUT HERE

Although many of the construct labels listed in table 8/28 arise
from the grids of negative attitude respondents even thé most
discerning reéder would find it difficult to identify which
shoﬁld be éttribﬁted to the negétiQe respondents; Gi@en thét
the mathematical analysis confirms that the lists in téblq 8/28
describe é common component with better than 86% errlép an
interesting exercise might be to re-order the construct lébels
from the two columns to form the best common description; The
author has refrained from inclﬁding his éttempt at this tésk,és
ény such record would illustrate the imposition of his
interpretétion of the construct lébels which may be different to
that intended by their origindtors,and indeed different to thét

of any reéder;
'.8;13.3; The hypothesis under in&estigation is cleérly incorrect in

its assertion. Not only do the students and teachers of

physics fail to construe effecti&e teaching along common
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TABLE 8/28; A compérison of constrﬁct labels used By respondents

in columns 1 and 2 (Téble 8/26) to describe their

common components

Note:- Construct labels are only drawn from respondents within
cells identified as containing significant relationships

in Table 8/26.

COLUMN 1 COLUMN 2
Students participate Explicit
2 Logical approach Practical orientation
- ®
(S ] . .
- Competent Effective for weaker
v
9 students
2]
>
L B -
e Effective Introverted
reinforcement
Easy to listen to Liberal
(2]
=~
v (O] .
1 6 Inspires confidence Abstract in teaching
S| 3 approach
3 -
e
wn %]
Q
ol 3 Good presentation Perceptive
al 2
> o
L ]
il I Good approach Interested only in exam
= results




dimensions but there is a significantly more frequent relétion-
ship between the way teachers of physics and teachers of

disciplines other than physics construc effective teaching;

The implication of sﬁch é result méy be illﬁstrdted By an
exémple; If é physics stﬁdent, é physics teécher and non-
physics teécher éll obserQed and éssessed a teacher of physics
'in éction,' the frémework of éppraisél Gsed by the létter two
obser;ers would be more élike than either frémework when
compéred to thét of the stﬁdent obser@er; In simple terms
stﬁdents énd teachers see effecti&e teéching in qﬁite different

ways,

_8;14. Hypothesis 8

There is e@idence from leérning theory to sﬁégest thét leérning
occﬁrs more effccti§ely when the leérner énd the teécher shére
common objecti&es, also the author has e@idence to sﬁggest thét
'leérning is more efficient when the learner and the teacher
share common perceptions of whit pedégogy constitﬁtes én
effecti&e teéching style (Keen and Hopwood»19775; It is ﬁsﬁél
in Greét Britain to divide a yeér intake (of séy 60 stﬁdentsj
into leérning groﬁps of common ébility (séy three groﬁps of 26
determined on some criterié ot perceiéed écédemic potentiél -

Keen and Reid 1977) and mixed attitude.

If, as the author sﬁggests, perceptions of effective teaching
styles are related to a student's étfitude, rather than ébility,

then ledrning might be impro&ed By di&iding the yeér intake into



common attitude, mixed ébility groups. This hypothesis éims to

explore the vélidity of such a strétegy.

The hypothesis is ...; "First yeér ﬁndergrédﬁéfe stﬁdents of
physics formed into groﬁps by their score on eéch component
féctor within the éttitﬂde to physics inQentory,(foGrvféctorsi
will exhibit é commonality of perception, when cétegorising
obserQed teéching episodes against pedagogic effecti&eness
criterié, between common attitude groﬁps écross factors to é
greéter extent than between differing attitﬁde groﬁps within

factors."

The eQidence, extracted from the data listed in tébleq 8/29

and 8/30.

TABLES 8/29 & 8/30 ABOUT HERE

An application of the 't' statistic is of dubious validity (due
to high S.D.} bﬁt sﬁ:h an dttempt prodﬁces at Qélde of 1;41

* which is not significénf ét the .65 leQel; Thﬁs é nﬁll
hypothesis stéting thét there is no difference between the dété
in tables 8/29 and 8/36 fails to be rejected; HoweQer, a
casﬁél glance at the déta is sﬁfficient to note thét 75% of the
same attitude groﬁps do correlate significantly whilst cnly 25%
of the mixed attitude groups correléte significéntly. The high
sténdérd de@iétions arise from extréordinéry distribﬁtions of

results as is shown in Fig. 8/1.




TABLE 8/29; Correlétions Eetween differing stﬁdent éttitﬁde

groups within factors of the attitude inventory

Stﬁdent attitude Correlétion

groups compared coefficient (Pearson r)
A+ with A- + .51

B-i: with B- - .82 ¥

C+ with C- - .72

D+ with D- - .07

Mean | .52

Standard deQiation .33

* Significant at .05 level
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TABLE 8/36; Correlations between common student éttitude

groups between factors of the attitude inventory

Student groups compared ?g;giizﬁiﬁ? Coefficient
A+ with B+ + .36
A+ with C+ - .11
A+ with D+ -:;83 ¥
A- with B- - .92 ¥
A- with C- _ - ,95 %
A- with D~ - .84 ¥
B+ with C+ + .81 *
B+ with D+ + 14
B- with C- + .95
B- with D- + ;95 *
C+ with D+ + .63
q- with D- + ;37 %
fean = 0.70
$.D. = 0.32
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So although it is not possible to specify stétisticél eQidence to
support the hypothesis under investigation, it would appear that
for most respondents the Qiew expressed in the hypothesis is
correct, namely, that mixed ability common attitude groups are
more likely to have an ‘agreed' common idea of what constitutes
effective teaching than are common ability mixed attitude groups.
At the time of writing there is no institute of further or higher
education using such a strategy,but mixed ability teaching is
often encouraged in the secondary sector of education in Great
Britain. It would be interesting to replicate this particular
part of this study in such institutions by 'setting' the mixed
ability groups by their attitude and attempting to eQaluate any

improvement in learning efficiency.

. 8.15.1. In the discussion of repertory grids in earlier chapters, an
example was given of a uni-dimensionél component space (Fred) and
a two dimensional component space. If a hypothetical respondent
used x constructs in a grid of y elements and each construct was
independent, then he would be constrﬁing in (x-1) dimensions if
x { y, or (y-1) dimen.ions if x > y. (Slater 1977). One might
say that a person who construes in a higher number of components
exhibits a greater 'acceptance range' of for the elements under
conciacration. In normal parlance the uni-dimernsional (one-
component) respondent might be said to have a "one-track mind."-
This ninth hypothesis is concerned with the acceptance range of
classes of respondent and suggests that it is more likely for
certain classes of respondent to exhibit more dimensions of

construction. Measuring this is difficult. The Bartlett test



(Slater 1977) computes chi-squared values from the Eigen Qélues
and determines the number of components significant at the .05
level of significance, Such a technique is looking at the rate
of change of slope of the Eigen Qalue graph, as such it might
classify as insignificant, numbers of components closely
associated with one another merely because a big drop in Eigen
value occured between the first component and the secondary
group. Thus whilst one can be fairly certain,that if the
Bartlett test identifies x components as significant - they
are indeed significant,one cannot be so certain that other
components, as yet unmapped, are not themselves significant.

To overcome this difficulty the author chose to ignore the
Bartlett test in measuring 'acceptance range' and instead took
the profile of the Eigen value graph. The rate of decline of
which will be less when the acceptance range is greater.

Having looked at the general problem and determined a way of

measuring it the hypothesis may be stated.

8.15.2. Hypothesis 9.

"Positive attitude respondents from ecach component factor, will
exhibit a greater 'acceptance range' measured by a lower rate of
decline of Eigen values generated from a principal component
snzlysis of the respondents grids with common element_samples,

than will the negative attitude comparison group."
There being four factors and three classes of respondent,

twelve graphs may be drawn. These are inclﬁded as Figﬁres

~8/2 to 8/13 inclusive.
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FIGURE 8/2.

Factor A, Positive vs Negative Physics Teachers
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FIGURE 8/3.

Factor A, Positive vs Negative Physics Students
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FIGURE 8/4. Factor A, PositiQe Qs NegétiQe Non-Physics Teéchers
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FICURE 8/5.  Factor B, Positive vs Negative Physics Teachers
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1 2 3 4 5
YiY 1 i ] J |
A
N
~
\
AN
%
\
\
\
\ -
L ' N\
3 - 10— :
~

5 N
o ~N
o=}
Lt
4= \7\\
° ~
%.. N
8 ) . \\
o - 20 _J )‘

- 30 —

© Positive attitude respondents
KEY: '
—_— ——— Negative attitude respondents

257



FIGURE 8/6. Factor B, Positive vs Negative Physics Students
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FIGURE 8/7. Factor B, Positive vs Negative Non-Physics
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FIGURE 8/8. Factor C, PositiQe Qs NegatiQe Physics Teachers
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FICURE 8/9. Factor C, PositiQe vs Negative Physics Students
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FIGURE 8/10. Factor C, PositiQe Qs NegatiVe

Non-Physics Teachers
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FIGURE 8/11. Factor D, Positive vs Negative Physics Teachers
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FIGURE 8/12.

Factor D, Positive vs Negative Physics Stﬁdents

Component number
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FIGURE 8/13.

Factor D, Positive vs Negative Non-Physics

Teachers
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_ 8;15.3. A diQergence between the lines of the gréphs indicétes
differing éccepténce rénges whilst the ébsolﬁte slope is a
medsure of the acceptance rénge. A steep slope to é gréph
sﬁggests low acceptance rénge (i;e. é tendency to "one-tréck
mindedness") whilst a near horizontél line indicétes é strong
ébility to perceiQe strengths and weéknesses in é Qériety of
pedégogic styles classified by é mﬁlti-dimensionél frémework.
Fig. 8/11 is an example of a greét difference in éccepténce
range and here the positiQe groﬁp are mﬁch less éble to construe
clearly in as many dimensions as the negétiQely orientéted groﬁp;
Figs. 8/5, 10 and 11 indicate the negéti?e respondents have a
greater acceptance range. ?igs{ 8/2, 6, 12 and 13 indicéte the
positi@e respondents ha@e a greater éccepténce rénge énd
Figs. 8/3, 4, 7, 8 and 9 show no real difference. Even a
cursory and subjecti&e consideration of the dété is sﬁfficient to
enéble one to conclﬁde that there is no regdl&r péttern emerging.
In some céses‘(8/2, 6, 12 and 13) the data sﬁpports the
" hypothesis, whilst in others (8/5, 10 and lli the data rejects the
hypothesis; From the data available one must conclude that

there is no apparent relétionship between éttitude to ény factor
of the attitude in&entory and écceptance rénge as defined.
Howe&er, some interesting obser&étions méy be méde; Where
diQergence does occﬁr on the'g:éphs it occﬁrs Slmost élwéys in

the eérly components, thﬁs whilst many classes of respondent do
not differ greétly in the lower order components, mény do differ
considerably in the first 2 or 3; There ére other éppérenf
pétterns bﬁt these will be discussed in pérégréph 8;16; when

hypothesis 16 is being considered;
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~8.16.1. Hypothesis ten considers the acceptance range of physics
teéchers, students and non-physics teachers and sﬁggests thét
the acceptance range will diminish from group to group in the

order specified)irreSpective of attitude.

Hypothesis ld.

"Teachers of undergraduate physics will exhibit a greater
'acceptance range' (as measured in the inﬁestigation of‘
hypothesis 9) than will the student category of respondents, who
will themselves exhibit a greater acceptance range than teachers

of subjects other than physics."

If supported, this hypothesis implies that if a member of each
category of respondent were asked to view and assess the
effectiveness of a number of episodes of physics teaching, the
physics teachers woald exhibit the greatest awareness of a
range of different ways of being effectiQe than would the
"students, who would themselQes be more able to see merit in é
wider range of pedagogic practices than would the non-physics

teachers.

8.16.2. A review of Figs. 8/2 to 8/13 does not proQide compelling
eQidence to support or refute ihe hypothesis. A recourse to a
statistical comparison of mean slopes fails to detect any
difference between the physics teachers and physics students
although both groups have a slightly larger acceptance range
thén the non-physics teachers. .Certainly such relationships

which do exist are co small as to be completely buried in the
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vériétion which is evident from the data. The one conclﬁsion
which the author is able to draw is that there is an unexpected
Qériety of acceptance ranges amongst the twenty-four sub-groups
of respondents compared. So great is the variation in
éccepténce range that the author wondered if the individuals
who constitute a sub-group exhibited as much Qariation as
between group comparisons. Fortunately this can be tested by
considering the indiQidual INGRID (Sl;ter 1977) analysis from
each respondent within groups. The task is, howeQer, guite
daunting as the data needs to be extracted from 119 separate
énalyses and grouped twenty four ways! The author chose to
select at random just four groups to look for variation. The
results were sﬁrprising; much ‘less variation existed within
groups than between groups and the kind of data exhibited in

Figure 3/14 is typical of the four sample groups.

FIGURE 8/14 ABOUT HERE

It will be clear from the figure thét after the'diQergence
between the 1lst. and 2nd. component the lines tend to become
par&llel so not only is the diQergence leés than one might have
énticipéted by the between gioup comparisons, but thét ény
d;fference in construction resides primarily in the first
component, This is subjectiQely Qerified by the construct
labels used. In Table 8/31 the construct labels of respondents
whose grids form the data of Fig. 8/1% are compared and the
similarity between component 2 descriptions may be seen to be

greater than for component 1.  Such similarity is, of course,
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FICURE 8/14. A comparison of the acceptance ranges of students

who exhibited either a positive or negative
attitude to Factor A.

COIMPOMENTS:
Y 2 3 4 3 6 !
N
\
1
\
\
- \\\
10 o \
iy
\y
U\
1R
LI
\ \\
| W
_ 1 \\
20 — \ W
.
= b\ \
= R\
& bk
Ll by N
z \\ AN
> . \ N
= ‘ hY
RS <
\ \ S
\ ~
\ \ o~
\ \
\ \
_ \ \
40 -\ ‘oo
\ v
\ )
\
\
] okey _
50 & . Positive \
~attitude respondents\f N
— -— .- — Negative ~

attitude respondents

269



subjective and the reader's interpretation of the labels may

differ from either the author's or respondents' interpretations.

TABLE. 8/31 ABOUT HERE

'8;16;3. In relation to hypothesis lb, the author cén only remérk
on his data, which suggests that common.attitﬁde groﬁps héQe
similar acceptance ranges exhibited between their members,
particularly after the first component has been extracted.
There is no evidence to suggest a relationship between groﬁps of
respondents as hypothesised and indeed the_Qariation between
groups appears unexpectedly high. The author has discussed
these results with both respondent groups and with other

researchers and is unable to suggest any reason for a wider

variation between groups than within groups, in what éppears to

be a random way.

~8.17. 1In completing the grid, the respondents were required to
consider teachers of physics and to use constructrs which arose
from én appraisal of either observed or remembered teaching
against criteria of effectiveness. The author recalled his
experience in initial teacher training where stﬁdent teéchers
freqﬁently requested a supervisor for their teéching préctice
who had knowledge of tlieir own discipline. To such students
the éuthor had alwéys maintained that a teacher who knew little
of the topic being taught was more likely to fairly éssess the
student on pedagogic criteria rather than discipline bésed

‘criteria. (Arising from the supervisor questioning whether he
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TLE

TABLE 8/31. A comparison of construct labels used by student respondents to describe components one and two.

Student 1

Stﬁdent 2

Student 3

Student &

Competent

Talks to cléss

Well prepared

Effective

Obvious clarity
of development

Regional accent

Keen on subject

Logical approach

Component
1 Good spoken Has experience of Commands attention Good general manner
presentation lower levels
Gouod blackboard Audible Interested in Reinforcement
use subject
Research actiQity Steédy voice Interests extend Generally competent
beyond physics
Level of teéching Young Clear chalkboérd Clear idea of level
and content and
Component method
2 Clas§ Interesting Commands attention Student
participation participation
Well époken Audible Clear drawings, etc. | Logical -approach




would use the same strategy to teach the topic under

consideration if he were also a teacher of the same subject).

Farly in the research planning it became evident that data
would be aQailable which would permit this qﬁestion to be
investigated in the discipline of physics, and so hypothesis 11

was formulated.

Hypothesis 11

"An appraisal of the constrﬁcts used by respondents in
completing their grids will show that for teéchers of under-
graduate physics the ratio of discipline orientéted constrdcts
to pedagogy orientated constrﬁcts will be greater thén for

either of the other two groups of respondent."

The constrﬁcts usea by all respondents may be cléssified into
three groups;

a) Discipline related.

b) Pedagogy related.

'c) Others - including personality factors, etc.

The hypothesis states that the ratio a/b will be lérger for
physics teachers than for either of the other groups Becéﬁse
physics teachers will use é higher proportion of physics

based constructs.

In order to test the hypothesis, five judges were invited to

read all the original grids. (Four of the five had been judges

272



preQiously in the Thurstone de@elopment of éttitﬁde inQentory);
They did not haQe any meéns of knowing whether é grid originéted
from any particular class of respondent, énd they were ésked to
identify the three types of construct and write the fréction
equiQalent to a/b on a table of grid reference nﬁmbers; The
éuthor then compﬁted the mean value of a/b for each

class of respondent as indicated in Téblg 8/32;

TABLE 8/32. The ratid of discipline based constructs to

pedagogy based constructs for each class of

resEondent.

Non-Physics
Teachers Students Jeachers
0.33 0.40 0.27

It would be inappropriate to embark on an exhéusti;e stétisticél
compérison of the values in table 8/32 as they arose from
subjective interpretation of constrﬁct lébels by fiQe jﬁdges who
freqdently disagreed with construct classification. The
student group use discipline based constructs most often for a
given number of pedagogy based constructs. As one might
anticipate the non-physics teachers use physics related

constructs least frequently.

The hypothesis is not supported by the data.
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Returning to the example gchn in the introdﬁction of pérégréph
_8;17;, the comment made to the tréinee teéchers éppeérs to be

sﬁbsténtially correct as the non-physics teachers use pedégogy
related constrﬁcts most frequently. It hés been é sﬁrprise to
most teachers of physics who hé&e commented on this dété to find
that the students are more strongly discipline orientéted'in
their choice of constructs thén the teachers; The nﬁmericél
dété is supported by é perﬁsal of the éctﬁal constrﬁct lébels
ﬁsed. Freqﬁently students cite constrﬁcts sﬁch és:

" ikes physics,"

"Well qualified in his subject,"

"Knows his stuff,"
etc., when describing,én effecti@e teécher. Teéchers, on the
other hand ﬁse constrﬁcts sﬁch és:

"Well structﬁred lesson,"

"Clear plan,”

“In&ol&es stﬁdents,"

etc., when describing an effective teacher.

) 8;18;1. The final hypothesis sought to identify é "word pictﬁre' of
students perception of an 'ideal' or 'most effecti@e' teacher.
It will be recalled that the hypothesis deménded cléssificétion

of respondents by total attitude, a classification which, it nas

been shown, would be quite inéppropriate for the éttitude
'inQentory de&ised for the research. It hés not been possible,
therefore, to in@estigate the last hypothesis (125 élthoﬁgh
indi&idﬁal 'word pictﬁres; of én effecti&e teécher hé;e been

prodﬁced for groups of students identified as positively or
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negatively orientated to ore factor of the inventory. These

profiles have already been considered.

18.18.2. Although it has not been possible to investigate the
12th; hypothesis it ié repeéted-below és the éﬁthor considers
its inQestigétion in the future to be of Qélﬁe; The e;idence
élready presented to support the Qiew thét common éttitﬁde
groups do seem to exhibit shared perceptions of effecti&e
teéching is of sufficient sigﬁificénce to merit the 1éter
deQelopment of é better means of meésﬁring 'totél éttitﬁde.'
This is an area of work élreédy being Gndertékcn by é reseérch
assistant employed by Plymoﬁth Polytechnic to continﬁe with the
deQelopment of the methodology deQised and recorded in this

thesis.  (Further research plans are discussed in Chépter 10).

) 8;18.3. Hypothesis 12

"First ye&r ﬁndergrédﬁéte stﬁdents o% physics formed into
leérning groﬁps by their totél éttitude score, meésﬁred by the
éttitude to physics inQentory, will haQe common percepticns of
the pedagogic style they associéte with effecti&e teéching of
undergradﬁéte physics with less Qériénce thén ény mixed éttitﬁde

grouping."
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9;1; A common criticism of psychologicél énd edﬁcétionél reseérchv
is thét it too often wastes time géthering empiricél sﬁpport
for the self—eQident. Similar-comments sometimes get méde
about the theorising that educationél and psychologicél
researchers engage in. At the end of the day, it looks as if
an elaborate theoretical framework has been erected to explain

what should have been onious in the first place.

When one comes to the end of a lengthy.reseérch project, it can
be quite discomforting to be told that one's hard-wen findings
are "obvious" or "lacking in news value."  Such criticisms,
once made, are not easy to slough aside. If all one's results
could indeed have been predicted in advance (e.g. from common- .
sense considerations and/or already-e&isting knowledgej the onus
is upon the researcher to explain why he spent Qalﬁable research

time "discovering' them.

In an attempt to safeguard themselves against criticism of this
kind, experienced researchers sometimes pay special advance
"attention to the "newsworthiness" (to use a term of Karl

Popper's) of the hypotheses that they are proposing to test.

One way of doing this is to describe the hypotheses to reasonébly-

intormed colleagues and outsiders - with a Qiew to schring their
opinions about the likely outcome. In effect, the aim is to
discerr whether there.is significant agreement ébout the way in
which the results will work out. If everybody agrees that the
results are likely to take a certain form, the researcher might

then think twice_ébout the necessity of doing the experiment.
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of coﬁrse, there may bhe circumstances in which it is desirable
to do én experiment, just to méke sure thét it does work oﬁt the
wéy in which eQeryone expects; But some qﬁite strong jﬁstifi-
cétion would sﬁrely he needed if a whole succession of

experiments failed to yield any shrprises at all.

9;2; The hypotheses investigated in this research project were
framed by the author from a perspectiﬁe of one who had been a
stﬁdent of physics, a teache# of physics and was cﬁrrently an
interested obserQer from outside the arena of physics education.
The results haQe proved interesting to the author as they hé&e
enabled him to cite e&idence to support or refﬁte Qiews which
were based on intuition when the research began. HoweQer, to
the external obser@er there is little guidance to the
"newsworthyness'" of the results, to usec Popper's terminology.

By using the term 'newsworthyness' the éuthor is
seeking to identify those results which are counter intuitiQe
to the practitioner. One might illustrate a 'newsworthy' or
'coﬁﬁter intuitive' finding by citing Albert Einstein's clock
hypothesis, which when validated by experimental procedures
not available at the time, Einstein hypothesized the time
discrepancy associated with real time traQel. There appeared,
therefore, to be a need to illustrate in some simple way
whether the research findings were congruent with, or in
conflict with, the views popularly held by physics edﬁcétion

practitioners.

Some kind of 'straw-vote' conducted amongst physics teachers
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seemed a suitable means of finding out what they b -ieved to be

the current view on the hypotheses.

9.3; The author made two attempts to eQaluéte this opinion; The
first was unsuccessful, for the reasons specified whilst the
second prerd most rewarding. It should be stressed, howe&er,
that this was not intended to be a 'scientific' sampling/data
coliecting mechanism, merely a simple way of finding out to
what extent the author had reflected the intuiti@e Qiews of
physics teachers when framing the hypotheses. The first, and
unsuccessful, attempt at gauging the opinion of physics teachers
waﬁﬁn the form of a questionnaire upon which all the hypotheses
éppeared with questions asking whether or not the respondent
agreed with the hypothesis, and if so,to what extent. The
questionnaire failed partly because respondents could not easily
interpret the hypotheses when these were couched in the jargon of
the research project and partly because a seveq point response
scale proved inappropriate for the response deménded; The
attempt was completed for ébout 26 respondents but such diffi-
cﬁlty was experienced that the data collected was rather sﬁspect,

and consequently was rejected.

The second attempt endeavoﬁred to errcome the difficulties
experienced preQiously by expressing the hypothesis in common
parlance (which, it should be noted, introddced some ambiguity)
and by a;king respondents to estimate the probébility of eéch
stétement being true. The method had been.used before éhd the

author had been sceptical of its usefulness, but having r.ow
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applied the techniqﬁe is 'converted' to an aoncéte éf such a
method., (For ‘straw-Qote' opinion gathering the method is
ideél, in é serious study the author would still haQe
reserQétions as the questioner in the interQiew can 'manage'

the situation in such a way as to introduce bias).

Only twelve physics teacﬁers were questioned, six from a single
uniQersity, foﬁr from one polytechnic and two ex-physics
lecturers now employed in the area of educational technology.
Arbitréry levels were decided for cut-off points for the
a&erage probébility leQel of 40% (do not agree) énd 66% (agree).
Table 2/1 indicates the way in which each hypothesis was
sﬁpported, refuted or no conclusion drawn from the research data
énd from the sampling of intﬁiti&e Qiews of other physics
teachers. The third lire indicates those hypotheses wﬁere
findings afe contrary to these intuitiQe Qiews or, in other
words, it identifies those hypotheses where a "newsworthy"

result became apparent from the research data.

TABLE 9/1 ABOUT HERE

9.4; It will be noted that on 45% of the hypotheses the research
data indicates that the results are in conflict with the
popﬁlér Qiews of practitioners. The pre&ious chapter_hés
discﬁssed eéch hypothesis in relation to the data and so it is
intended only to highlight in this chapter, those eight sets of

results where conflict appears to exist. The data suggests
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TABLE 9/1.

The hypotheses in relation to data and probability estimating by a group of practising

physics teachers.
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that teachers of physics prize the fostering of intrinsic
motiQation in their stﬁdents less highly thén enabling their
students to errcome the hurdle of ar examination. The
stﬁdents, howeQer, it would appear from the data, do demand a
pedégogic style which places the deQelopment of 'intrinsic
moti&étion' énd 'pleasure from physics lectﬁres' higher in
importénce than errcoming the examination hurdle. Most
physics teachers are in conflict with the data in two respects:
firstly, it does not acknowledge thét teachers and students may
héQe different priorities in these areas, and secondly, it
postulétesrthat students will want to 'pass an exam'rather

than be intrinsically motiQated to enjoy physics instruction.
IrrespectiQe of which attitude factors are considered7the data
indicétes that teachers or students who exhibit different
éttitﬁdes will percei&e different teaching strategies (pedagogic
styles) as being effecti@e. Most practising teachers clearly
do not see sﬁch a distinction and consider an effectiQe teacher
of one type of student, (cléssified by attitﬁde) to be equélly
effecti§e for any other type of student (classified by éttitﬁdej.
These obsérﬁétions are replicated in two separate hypotheses
which consider this problem from different perSpectiQes .
(Hypotheses 5 and 6). The author considered that physics
teéchers and physics students would tend to use discipline

based criteria to assess an obser@ed teaching episode, whilst
other teachers, who wefe devoid of subject knowledge would tend
to use more pedagogic orientated criteria. .In féct the
eQidence éQéilable suggests that students arc_Qery much aware of

aspects of pedagogic competence and are more like teachers of
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other disciplines when observing and assessing é ( er,
Physics teachers do, howeQer, use discipline based - iterié.
The probébility estimating techniqﬁe suggests thét physics
'teéchers do not acknowledge thét they méy be biasing én

. éssessment towdrds discipline bésed criteria althoﬁgh eQidence
is éQéiléble to show that they do. Additionally, the author's
sémple of physics teachers do not acknowledge that their
stddents are able to make competent pedagogic criticism in

effecting an appraisal of an observed teaching episode.

In his former teaching training actiQities, the author
frequently found himself haQing to conQince stﬁdents thét they
would be fairly assessed on teaching practice by somesone they
(the students) knew had no knowledge of their sﬁbject; In
almost eQery case students would»prefer to be assessed by a
teacher of their own sﬁbject. EQidence collected then, as well
as in this research data, clearly shows that a physics teacher
Qiewing a student teacher of physics is iikely to make state-
ments akin to: ...... "Well it was 0.K. but I would do it this

WAY eescesens’

The non-physics assessors would make similar comments but the
difference centres on how the sentence is completed. For
physicists there ére usually physics based comments like ....
" ;;.L; you could have related the wéQe theory of light to the

propagation of an electro-magnetic wave by considering the

field effects of an oscillating electron in free space."
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The non physicists' comments tended to be discipline free as
exémplified by : " ;... could yoﬁ not have Gsed ; water ténk,
some demonstration or at least a diégram to illustréte yoﬁr
- point about the wave theory of light?"  (Both comments are
trépscribed from actual assessor reports on student teéchers
of physics); WYhilst this did not form a major part of this
reseérch the exémples are included to clarify how the intuitiQe
stétements of practical teachers is clearly quite different to
the éctﬁal strategies édopted. Whilst the data is not
statistically significant the trend of results supported the
author's bélief that mixed ability common attitﬁde groups ére
more likely to demand a common pedagogic style in order to
achieve what they perceiQe as an effectiQe teaching strategy
thén ére mixed attitdde, common ability groups. Popular
opinion did not acknowledge that attitude (howeQer measured)

had an effect on tnhe perception of an effecti&c pedagogic style.

9.5; Hopefﬁlly this chapter has highlighted some of the
differences between the research data and the views held by
some practising physics teachers. The aﬁthor firmly belie@es
th;t any attempt to imprer the overall efficiency of physics
teaching of undergraduéte stﬁdent; would first haQe to resolQe
these conflicts and establish & uummon area of understanding

before specific changes of strategy were recommended.
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lb.l. On initiéting this stﬁdy the duthor's contenti . thét
the criterié used to form stﬁdent groﬁps, the meth.e . f
instrﬁction aoncéted by teachers of undergrédﬁéte [ fsics,
stﬁdents' perceptions of their own needs in terms of pedagogic
style énd teachers' perceptions of their students' needs all
required in&estigation. Fﬁrthermore,the author intended to
proQide eQidence which permitted dn in&estigation of the éreés
specified ébo&e, bﬁt which woﬁld élso substéntiate his Belief
thﬁt teéchers of physics, teachers of disciplines other than
physics and physics stﬁdents all use different criteria when

assessing a teacher's effectiveness.

The preQious chapter has alreddy considered how the hypotheses,
when considered in thellight of the datﬁ, proQide some
clérificétion of these areés of expressed concern énd high-
lighted how these results reléte to popﬁlér opinion amongst
those inQolQed with physics education. Theré hég neQer been
ény intention to make prescriptiﬁe comments ébout physics
eddcétion, the conclﬁsions drawn are intended to be informétiQe
for physics teachers or educationalists who are interested in
impro@ing the effecti&eness of leérning émongst physics
stﬁdents. - The ‘conclﬁsions' are reélly 'obseréations' of whdt
wés héppening in physics educ&tion in the périod 1975 to 1977;
The reader, who is interested in impro;ing stddent learning may
find that these obserQations are illumati@e, as did many of the
people asked for their opinion in the 'straw Qote' sur@ey of the
preQioﬁs chépter. Whether the research will be ﬁsefﬁl cénnot

be stated, but for some readers the findings will identify a
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different perception of a problem which méy héQe Been

épproéched from one perspecti&e only; Thus; the méking explicit
of differing perceptions of é common problem may enéble thé
préctitioner,who is designing new and unique teaching
strétegies,to consider how different épproaches might be
constrﬁed by those who will ultimétely have to experience them

as both learners and teachers.

At the outset the research was not intended to be a method-
ological study and yet,in retrospect)the ma jor contribution

this research may be seen to have made may well be the adoptioh_
of an established technique, namely repertory grids, into an
instrument for appraising teaching effectiveness. Throughout
the research period the author was employed in a polytechnic
with the mandate to improve the quality of teaching within the
institution.  Sucl: demands resulted in the emergence of the
TARGET project (Jeaching Appraisal by Repertory Grid Elicitation
" Techniques) (Keen & Hopwood 1978) which has been developed by
the author together with his colleaqgue, and is based

exclusively on the methodology developed by the author for the
investigation of the research hypotheses of this thesis. The
author perceives TARGET as the link between his academic
rescarch (during 1974 - 1978} as described in this thesis, and
the practical arena of educational technology. Paragrapﬁ 10.2.
describes the TARGET project (the whole of paragraph 10.2. has
been published as a paper (Hopwood & Keen 1978) in

Programmed Learning and Educational Technology 15, 3, 187 - 195)

and its relationship to this research.
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16.2. TARGET is an acronym for Teaching Appraisal by Repertory
Crid Elicitation Techniques. The project is under deQelop-
ment and will, ultimately, become operational at four leQels,
eéch successive level exhibiting a greater degrée of
sophistication. This paper is confined to a discussion of

Level 1, which is already fully operational.

THE TRADITIONAL APPROACH

Teaching and learning are activities of an extremely complex
nature, activities to which considerable research effort has
been, and continues to be, applied. A major purpose of such
research is to illuminate the nature of each and to point up
relationships between them. Even so, there exist few
operétional guidelines available to teachers seeking ways and
meéns of creating effective learning situations for their
students. In other word;, associative links between acts of
teaching and modes of learning are far from rumervus at the

practitioner level.

Notwithstanding the tenuous nature of such links, it is
commonplace, in formal courses of professional training for
teaching, to evaluate teachers and to categorise their ability
to teéch by means of applying numerical grades, or by the use of
such adjectives as bad, good, weak, strong, pass, fail and
distinction, to name but a few. Hore often than not, such
evéluations exclude a teacher's own ﬁerception of teaching
effectiveness and the consumer's opinions, those of his

students, are seldom canvassed.
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The methods by which teachers and teaching are ca rised are
too numerous to mention. They rénge from é writt r‘a.ge of
sﬁbjective comment, through check liéts of "appropnr. te"

. teéching behaviocurs, to complex and mystifying grading systems
employing multiple evaluative criteria. .Almost without

exc eption, these instruments are used by an observer in the

classroom during, or immediately after, a teaching episode.

Although the highly subjective nature of this approach is well
known, there seems to be no reliable way of appraising teachers
or teaching other than by observing teaching behaviours, and

placing apparently arbitrary values upcn their appropriateness.

Within a given teacher training unit, there may be no objection
to such a process, provided that the stﬁdent teachers, and their
observers, accept criteria to be used for assessment purposes,
especially if steps are taken to ensure compatibility of
assessments made by different observers. Major problems arise,
‘however, when attempting to compare "good" or "bad" feachers, 50
defined within one training unit, with their éounterparts S0
defined within another such unit. In many ways, such problems
might be expected as, in each unit, trainee teachers are invited
to emulate models of "good" teaching based on criteria
recommended by different groups of "experts," criterié which

are often totally external to the trainees themselves.

In the United Kingdom, and also in the United Stdtes of America,

there is,as yet no statutory obligation upon teachers in

) !
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establishments of Further and Higher Education to -ceiQe

formal training for teaching. In the U.K. those : 11 groﬁps
of FE/HE teachers who do present themselQes for trai-ing, do so
on a Qoluntary basis, usually following fofmal in-service
courses for which remission of teaching duties is ‘allowed.

Such teachers accept that some quantification of their teaching
is, inQariably, a course requirement. For the vast majority of
their colleagues, however, the rewards attachsd to teaching
éccomplishment are perceived to be less than those attracted

by high levels of academic achievement in their respective
subject areas. In any event, were overt attempts made to raise
the "teaching climate" (Eraut 1975) of an institution, British
academics and their professional associations, would bellikely
to-resist. such efforts. This resistance could take the form of
drawing attention to the low reliability and doubtful validity
of mény of the instruments used for teaching apjraisal purposes,
and pointing up.the plight of those of their American academic
colleagues whose careers are often threatened by compulsory
eQéluation of their teaching ability by the use of instruments

of similar dubiety.

Nevertheless, it would be wrong to suggest that teachers in
FE/HE are totally unconcerned about their effectiveness in ths
clﬁssroom. This is probably just as well, for institutions of
FE/HE are, currently, finding the need to respond to both
internél énd external pressures to maximise the effectiveness of
teéching. It is the opinion of the author , however, that for

reasons already discussed, those within these institutions
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ménddted to imprer teaching effectiQeness will a- Qct no
credibility in the eyes of their academic colleégu:s by further
eléboration of existing instruments, or by the new deQelopment
of similar instruments, purporting to measure effective

teaching.

Additionally, should professional training for teaching become a
statutory requirement for new entrants to the FE/HE teaching
service, those responsible for providing the formal training
courses could find themselQes in impossibly vulnerable positions
once the element of voluntary course attendance no longer

applies.

PERSONAL COMSTRUCTS

It is against the background of this somewhat depressing
scenario that the amergent TARCET system could be seen to offer
an alternative and nerl approach to teaching appraisal.

TARGET is an elaboration by Keen, Hopwood and Reid (Biles, Biles,
Keen and Hopwood 1978) of methodology devised by George Kelly
(Kelly 1955) and supplemented by Bannister & Mair (1268),
Patrick Slater (1972) and others. The system reflects Kelly's
philosophical position of constructive alternati?ism, that is to
say, an acceptance that an individualts interpretation of the
universe is subject to replacement or revision, rather than
presénting a static, once-for-all construction of the QniQerse,

or of any parf of it.

The TARGET system utilises Repertory Grid techniqﬁes, allowing a
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respondent to proVide pléin 1éngﬁége stétements t. interpret
events in terms of discriminétion, orgénisétion an: the
&nticipation of future possibilities. Statements of this kind
ére known as personal constrﬁcts, and represent interpretations
imposed on eQents, (events associated with teachers and
teaching in the case of TARGET), by the respondent. Linkages
between constrdcts illuminate aspects of his construct system,
én understanding of which allows speculation concerning his

approach to the ordering and anticipation of events.

In general, a construct provides a means of ideniifying
similarities and differences. Furthermore, it offers a
continuum along which an aspect of an event may be scaled.

A construct is, therefore, two-ended, or bi-polar, inQolQing

é particular basis for considering likenesses and differences
énd, at the same time, for exclﬁding things as irrelevant to the

contrast involvad,

For example, if the construct "good diction - bad diction" is a
feature of a respondent's construct system, he may use this to
identify good diction and bad diction in the course of, say,
obserQing a teacher. Furthermore, haQing now defir-J the poles
of a scale relatiﬁg to diction, the teacher under obserQation

méy be positioned upon it, as may be other teachers obserQed in
the future. It is important to realise, however, that this, and
other constrﬁcts, are freely elicited by the respondent, and thus

take account of individual perceptions of acts of teaching.
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As seen by Bannister, and by Kelly, constructs and construct

systems exert a controlling influence on the individual:-

"The system of constructs which a person establishes for
himself represents the network of pathways along which he is
free to move. Each path can be Qiewed'as a two-way street, and
while the individual may choose either of these directions, he
cénnot, so to speak, strike out across country without building

new constructions, new routes to follow.

WYhen a person must mer, he is confronted by a series of
dichotomous choices - each choice being channelled by a
construct. Each construct represents a pair of riQal
hypotheses, either of which may be applied to a new element
which the person seeks to construe. Thus, just as the
experimental scienzist designs his experiments around riéal
hypotheses, so each person is seen as designing his daily
explorations of life around the riQél hypotheses which are
yielded by the constructs within his system. Moreerr? jﬁst
és.the scientist cannot foresee possibilities-thét he has not,
in some manner, conceptualised in terms of hypotheses, so ény
indiQidual can prer or disprer only that which his
construction system allows him ts zee in terms of possible
_alternatives. The construct system sets the limits beyond
which it is impossible for a person to perceiQe,'énd in this way
constructs are seen as controls én a person's outlook and élso,

in an ultimate sense, as controls on his behaviour.
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Kelly sﬁggests that the controlling influence of nstructs
Becohes pérticﬁlérly interesting when é person begins to ﬁse
himself as an e&ent in the context of the constructs he is
deQeloping or operating. \then a person uses himself as a
datum in forming new constructs, he finds that the constructs
formed operate as a tight control on.his own behé#iour._ In
forming a set of constructs which include the self uas an
element within their range of conQenience, the person plots the
dimensions along which it will be possible to organise his own
behaviour in relétion to others. Thus a person who inclddes

himself in the context of the construct, say, powerful-weak,

binds himself to assess his own behaviour in relation to that

dimension. Whetiher he sees himself as powerful or weak is of

interest to a psychologist, but it is secondary to the fact that
the person has ordered his world and himself with respect to the

poverful -weak dimznsion,

From the point of Qiew of personal construct theory, any perscn,
when viewed by anothef, is regarded as the point of intersection
of a nﬁmber of personal COnstchts used by the observer.  Just
as the North Pole is defined as the point of intersection of a
number of geographical constructions, so also the Qiewed person
is to be identified as the iwceting point of a series of

dichotomised, categorical and personal interpretations.”
Aspects of the methodology used-in the adéption of grid theory

to teaching appraisal, as used in TARGET, are discussed in the

second part of this paper.
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At the préctitioner leQel, a respondent to TARGET receiQes, as
én end prodﬁct, three profiles in the form of bér chérts.
These show:

é) -His perception of an effecti&e teaching style.

b) His perception of his own teaching style.

cj His perception of an ineffecti@e teaching style.
The deriQation of these profiles from grid daté will be
discﬁssed in some detail later, but for the present it is
sufficient to remark that not only are the respondent's own
constructs printed on the profiles, but those constructs are
organised into groups which best describe each dimension of
the profiies. In other words, an attempt is made to depict
thét part of the construct system used by the respondent to

categorise teachers and teaching episodes.

A significant difference between the TARGET system and other
systems and methods ﬁentioned earlier lies in the fact that
criteria of effectiQeness, own teaching style and ineffective-
ness, respecti?ely are clicited by the respondent himself,

In this way he is freed from the burden of conformity to
criteria deQeIOped by "experts," criteria often alien to his own

personal construct system.

It is not claimed that the use of TARGET will prodﬁce “"better"
teachers but, ne@ertheless, respondents to é TARGET grid méy well
experience heightened peréeptﬁ&l awareness of teachers énd
teaching. Although there is no one-to-one relétionship between
perceptddl competence and a complex motor skill such és te&ching,

there is some evidence to support the view that motor = . lls
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cannot be acquired without perceptual enhancement, and that

repertory grids are appropriate means to this end.

CONSUL TANCY

It is almost inevitable that a teacher, on receiving his
profiles, will immediately comﬁare one with another. On
comparing his own teaching style profile with that perceived by
him to be representative of effective teaching, he may conclude
that there is some inadequacy or deficiency in his own teaching
style. It is at this point where the need arises for the
provision of a consultancy or counselling service for, as

pointed up by Thomas (Thomas & Harri-Augstein 1976)

_"When a habitual skill is disrupted, performance drops and
the learner becomes emotionally vulnerable. He requires
support and discipiine from inside or outside to continue
through the trough of this process of change and to enter into

a positive reconstructive phase of learning-to-learn."
Further insight is provided by Reid (Reid 1977)

"Miller's work suggests that to construct a more effective
plan the learner must dissemble existiing plans, often at many
levels of complexity, before recombining them into an altern-
ative structure. He will, as it were, be at some stage caught
between plans. Invariably this leads to sudden and marked
drops in performance, a period of depression, disinterest,
anxiety, and feelings of hopelessness, At the point where the

distance forwards is equal to the distance back, there .re very
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strong temptations to reinstate old plans and to reject new
methods on the bésis that they can be seen not to work; The
only solution to this situation is perseverence in the learner,
and tolcrance and support from the trainer."” .

Built into any such conéultancy service should be provision for
skills training and, at this stage, there is a meeting point
between interpretive and behavioural approaches. There is,
however, a significént different between a training programme
of this kind and, as mentioned earlier, programmes designed to
train teaching skills considered relevant to acts of good

teaching in a local setting.

In the context of training associated with TARGET, it is the
teacher himself who is the "expert," and it is he who may be
moiivated to chsnge, or to modify his behaviour in the light of
his own perception of his teaching style relative to his own

perception of effective teaching.

There are reasons te bclieve that, through the experience of
TARGET, the teacher's potential to reconstrue himself as an
effective teacher will be enhanced and, should this be the case,
tha consultant or counsellor is now in the position of being

able to negotiate with his client an individual training package.

Such a package may assume many forms and utilise various
resources, including microteaching facilities. What little
experience may be cited to date suggests that, far from such

fécilities being irrelevant to TARGET, exciting possib.’ ties
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are beginning to suggest themselves, all of which point to a
more vital and realistic approach to in-service training and

to in-=house induction courses,

At this point, however, having considered some aspects of the
origins of TARGET, its underlying philosophy and perceived
potential, let us now turn to a more detailed examination of

the system, insofar as it provides feedback to the respondent.

COMPLETING THE GRID .

A pack of fourteen "cue" cards is presented to the respondent
who inserts names or descriptions of teachers on the first
three according to printed instructions. The remaining eleven
cards correspond to videotaped excerpts of teaching-learning
situations which the respondent then views, The videotape is
carefully constructed in order to representatively sample the
construct space of the respondent, a test being incorporated
into the analysis which ensures that, for any individual
respondent, his cognitive structure has indeed been represent-
afively and adequately explored by the videotaped axcerpts.
WVhilst viewing, the respondent is invited to record on each
card his observations and/or comments on the epicodes to which
he is being exposed. In order te Facilitate recall, each card
is identified in four ways. Firstly, a letter code which
corresponds to a column on the grid form (see Figure lO.l.),
seéondly by a photograph of the teacher who appeared in that
episode, thirdly by a key word linked to the topic being 'taﬁght'

and finally by the respondent's own comments. Prior to
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commencing grid administration the respondent is informed that
all cards must be destroyed before he leaves the room in crder
that his personal comments on the videotaped teaching episodes,

and on the teachers named by him, will remain confidential.

The second stage of the administration process can be undertaken
once the card pack is compléted. The respondent is ésked to
write his per;onalised TARGET reference number (which was drawn
ét random from a 'pool')} in the appropriate space on top of his
grid form. Figure 10.1. is a reduced version of the grid form
used. The completion now continues in the traditionéi ménner

for repertory grids using rating scales described in detail by




Bannister and Mair (1968). The triads identified in each
horizontal line, by means of shaded cells, are chosen on the
basis of a pilot study which indicated that the distribution

chosen facilitated the elicitation of independent constructs.

The administration session may be expected tc take between 13

and 2% hours.

THE AMALYSIS

The grid analysis packaée developed by Patrick Slater (1972)

is used for the initial analysis. From this progrémme,
principal components may be identified and a test applied to
determine the number of components significant (at the OfOS
level) for each individual respondent. The greater the number
of significant components the more likely a respondent is to be
able to appraise a teaching act, (be it his own or observed) on
its merits rather than against some rigid and réstrictive set of

criteria.

The TARGET research team investigated the relationships between
the constructs, elements and these components and have been able
to develép a computer programme, written by Reid, which
acknowledges the mathematical relationships, operates on them,
having selected the appropriate data from the initial Slater
analysis, and prints a selection of teaching profiles. It is
these profiles alone which are returned to the respondents as

feedback.
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THE PRINTOUT-FEEDBACK TO THE RESPONDENT

The reader will have realised thét the anélysis represents a
sophisticated mathematical treatment of the grid, which itself

is a powerful instrument. Clearly there is a pressing need to
present the output from the operation in a manner which does not
bewilder the respondent who will for the most part, be a
practising teacher who may have little knowledge of, or a desire
to become involved in, the interpretation of such a numerical
analysis. The TARGET printout, therefore, consists of a nuﬁber
of simple profiles presented in a way found to be both attractive
and easily interpreted by respondents. At leQel one there are
five pages of feedback. Of these, the first consists of a
statement designed to assist the respondent when interpreting the
profile, and the last a list of all the constructs used by the
respondent in completing the grid. It will be recalled

(Figure 10.1.) that each line of the grid requirns the-respondent
to write in his bwn vords why two of the three cells (identified
by shading) are similar and yet, by the same token, différent

. from the third. Reference to Figure 10.2. will re?eal how these
constructs were written by one respondent, for this is é repro-

duction of an actual grid. The list of constructs on the fifth

page of the printout'will, therefore, be a complete record of all

the words used by the respondent when he originally compleiz: %he

grid.
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It is to the middle three pages that attention should now be
directed. Each of these consists of a 'profile' which itself
is sub-divided into two, firstly the "weighted profile" and,
secondly, the "construct- profile" (See figures 10.3., 10.4.,

10.5.)

FIGURES 10.3., 10.4.; 10.5. ABOUT HERE

H

The weighted profile is a bar chart designed to give an
immediate visual impression of the characteristics present or

absent in the pedagegic style represénted by that profile.
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FIGURE 10.3.

EFFECTIVE TEACHING PROFILE

WEIGHTED PROFILE
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- [ . .
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[ L] *
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. SXXXXXX * TEACHER ORIENTED DESIGN
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- L] [ ]
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L] L] ]
] = -
* XXX * FLIPPANT VITH HORDS
* XXX # DRESS IMPORTANT
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FIGURE 10.4.
SILF TRACHING PROFILE PHYSICS TEACHER 002003
WEIGHTED PROFILE CONSTRUCT PROFILE
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FIGURE 10.5.

THEEFFECTIVE TEACIIING PROFILE PHYSICS TEACUER 002003

WETGHTED PROFILE CONSTRUCT PROFILE
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There will be a number of bars either to the right or to the

left of the central vertical line. The number of bars found

to be significant in the analysis is clearly indicated. A
respondent with more than four significant bars (some respondents
have up to eleven) has an ability to appraise a teaching act, be
it personal or otherwise, in an open and unbiased manner.
However, less than three significant bars on his profile
indicates a distinctly lower-than average ability to recognise
and appreciate differing pedagegic practices for their intrinsic

worth.
Visual examinations of the threce weighted profiles provides

immediate feedback in terms the similarities and differences

between the respondent's perception of his own teaching style

304



and his perceptions of effective and ineffectiQe teéching

styles respectively. These weighted profiles provide é Qisﬁal
énd immediate comparison of pedagogic styles és perceiQed'by

the respondent. There is a need, howeQer, to proQide a
descriptive analysis of the weighted profile in order to assist
the respondent when interpreting the nature of any Qisual mis-
match between profiles. The-'construct profile' is intended to

do just this, at two levels.

Firstly, it enables the respondent to interpret the meéning of
each bar on the weighted profile by reading his own words, the
construct profile being made exclusively from the words he used
in completing the original grid. Ko-one else can interpret his
profile -as only the respondent truly knows what he meant by the
words used. Secondly, by reading downwards, as a list, he is
able to formulate an accurate picture of the teéching styles

described by the weighted profile.

Directing attention in particular to Figure 16.3. it cén be scen
that the respondent in this example construes in four dimensions
(four bars). This represents his view of effective -teaching of
his discipline, Physics in this case. It can be seen that each
of the four bars represents .Mgualities" of teaching in

descending order of importance: in fact about 27% of "effectiQe
teaching" is perceived as arising from component one; 20% from
component 2; 16% from component 3 and 8% from component 4; with

the balance supplied kv a range of other components not found to

be significant.
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For eéch bér the four constructs printed ﬁnder the construct
profile can be used by the respondent, and only by him, to
determine a meaning for the first compdnent. Similarly, the
other bars are described by the four constructs printed along-
side the appropriate bar. In every case the sequence of the
foﬁr constructs, reading from the top, in&icates the order in
which they define the component in question. Thﬁs, in

Figure 10.3., the first component is best described by "Allows
student interaction" (whateQer the respondent understood that to

mean), next by "Inculcates curiosity," and so on,

Experience has shown that, although respondents are able to
interpret hoth the weighted and construct profiles with case and
without formal consultancy, many (about 60%) have sacrificed
their anonymity by approaching the TARGET project staff and
asking for the optional consultancy serQice offcred, and

referred to earlier in this paper.

The security of TARGET is highly prized by the authors as a safe-
guard for potential respondents aqd the sysfem devised has

prerd most acceptable. It should be made explicit that at

no time would, or indeed could, data be made aQailéble to
‘administrators' in a way which enabled respondents to be
identified. Any further development of the TARGET project will

continue to maintain this policy.

In conclusion, comments upon reliability and Qalidiﬁy of grid

methodology would seem to be appropriate. Reference to the



sténdérd work on repertory grid usage, némely Bénnister & Méir
(1968) will indicate the special consideration that has to be
giQen to these concepts when applied to repgrids, Tests are
built onto the analysis to ensure internal reliability, and
respondents for whom these tests indicate suspect responses are
informed of the finding but are not proQided with é set of
profiles. In the region of 2% of all grids completed haQe to
be fejected either because of a failure on the test, or due to
the element sample proving unrepresentative for that respondent.
Test-retest reliability is poor (0.2 and not significantj when
feedback is proQided but is significant at the 6.1 1e§el when
feedback is withheld, the exercise being repliczted with common
clements and common constrdcts four months later. Thus the
eQidence shows that exposure to the feedbdék does alter the
respondent's perception, both of himself and effectiQe teaching,
although in commor with the finding of Fransellé (1970j it is
the mode of definition of cemponents which changes more readily

than the number of components found significant,

Face Qalidity is high, respondents readily agreeing that the
system works. The research findings suggest this Qiew but,
nevertheless, in common with other researchers using repgrid
technigues, it must be said that reliability and validity avz
difficult to quantify in any meaningful way. Thus, for the
critic, who adopts a stance specifying the need for a polished
énd convincing argument based on trdditionél lines, there is
sti}l no sétisféctory éﬁswer, séQe the only trﬁe test of

validity, namely, inviting him to become a respondent conducting
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,persondlised phenomological appraisal, Once experienced, the
techniqﬁe generates an appeal which comes from the explicit
revelation of facts implicitly écceptable, but otherwise hidden

from the external world of the obserQer.

In conclusion, such evidence that is aQailable in these early
stages of TARGET operation tends to support an initial claim

made for the system, namely, that it is seen by teachers to offer
a useful service, ‘If this is the case in the longer term, it
might be speculated that those concerned with the improvement

of teaching effectiveness in the FE/HE sector will find in

TARGET a useful tool which, at the very least, will generate
conQersations aboﬁt effectiQe teaching, an important first step

in improving teaching climate.

10.3. It is not the author's intention to repeat the results in
this chapter that haQe been discﬁssed in the pre&ious two
chépters, however it is considered important to highlight the
fact that many observations are.in oppdsition to.whatX:;;ected
by both the hypotherrs and popular opinion. Such an example is
hypothesis 3 where popular opinion considered, as did the aﬁthor,
that students would see errcoming the hurdle of an examinétion

mere important than reading physics for its own sake. There is

clear evidence to show the opposite view is true.
One does not require the expertise of a curriculum developer to

see that such a mismatch of perceptions would have major

implications for the way a teacher might order énd present the
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materiél in the syllabus.

Similérly, there is eQidence to suggest thét pedégogic

criteria of teéching effectiveness do feétﬁre stroncly in the |
stu@ents' repertoire of criteria for assessing teécher
effectiQeness, and yet our eddcational system mgkes no -
proQision, at the time of writing, for te&chers énd students to
explore each other's differing perceptions of whét role eéch
should play in deQeloping an effecti@e learning enQironment.
These are but two of the interesting and surprising results;

In conclusion one might sﬁmmarise the results simply by_saying
that p0pulér opinion amongst teachers and st&dents of phy;ics

does not generally reflect the true relationships.

10.4.1. Given the comments of the previous paragraph what lessons
are to be learnt from the findings and what new questions have

emerged which may be worthy of subseguent reseérch?

10.4.2. The research was not designed to be, and hés not erlQed
into, a prescriptive scenario. The author can only maintain
his position in a deécripti?e arena and offer the resﬁlts to
those interested in readinglthem as a means of highlighting the
conflicts of perception which ha&e been identified. Many
qﬁestions need to be answered but the author believes his
resﬁlts don't specify the answers, bﬁt show the need to ask
questions aboﬁt areas normally ignored. The qﬁestions cén

only be framed by the practitioner supplied with the informétion

about his teaching arena unique to him.
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It is with some regret thét the éﬁthor hés not Eeen éﬁle to
proQide more conQincing eQidence to sﬁggest thét mixed ébility,
common attitude learning groups deménd, in order to leérn more
efficiently, a common pedagogic experience. His intuiti&e
belief that this is so remains unshaken and the eQidence which
has become aQailable, whilst not stétistically significant still
identifies this as an area where research might profitébly be
continued. The author, in conjunction with the approQal of his
institution of employment have appointed a research assistant
specifically mandated to deVelop the TARGET project err the
1977 - L980 period, with particular attention being directed
towards this attitddinal guestion. The author wili be
directing some of his attention towards an inQestigation of the
applicability of the results contaired therein to the secondary

school system and across discipline boundaries.

10.5. It.would be true to report that the thesis contains
interpretations of the data which raise many additional
questions, many of which merit extensi@e further research three
of which are being «ctually pursued by research effort on the
part of the author and others, namely:

ij The attitudinal qﬁestion of péragréph (10.4.2.5
ii) The applicability of conclusions to secondary schools
(10.5.4.)

iiii The methbdologicél de&elopment (10;5.5
The 'off-spin' benefit of the research has 5lreédy been
identified as centred on the methodology; At the time of

writing, the basic methodology, deVeloped to méké explicit

310



pedagogic styles, is being Qsed operationally within the TARGET
project, of which the author was a director, and for which a
reseérch assistant has been appointed, and a research grant

sought. .

An identical methodology embellished with new videotapes of
managers and salesmen has been successfﬁlly used by a company of
management consultants with clients including a major European

Motor Manufacturer.

The operational uses of the methodology as described earlier in
this paragraph accepts the inherent weaknesses whilst reseérch
is being conducted by the author in conjﬁnction with computer
programming experts to o@ercome these difficulties (és discussed
in earlier chépters). This actiQity has resulted in the

» de&elopment of a programme which, if foﬁnd to be sétisfactory
after piloting, will enable the analysis used in the reseérch to
be conducted without many of the concerns expressed in the

discussion chapter dealing with- the grid anélysis.

10.&. In concluding this thesis the author is péinfﬁlly éwére of
how iittle progress has been made into an extremely complex
areé, more questions have been identified as woréhy of
inQestigation than haQe been answered and the ﬁﬁthor is forced
to conclude this thesis by saying that far from finishing a
research project he finds himself standing.on the threshold of

an exciting and relatively unexplored area.
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Appendix 1 considers a detailed reQiew.of-existing inventories.

An effecti&e éttitﬁde inQentory should exhibit some fundamental
characteristics. Firstly, it should reflect some ﬁnéerlying
fheoreticél construct; Secondly, where distinct §ériables cén be
identified from amongst its elements, these must be kept distinct
from one énother énd not added together, (nor indeed operéted upon
by séme other Qnécceptable processi, to prodﬁce some meéningless
totél score, and thirdly, if it is used as an instrument to
meésﬁre outcomes from é sprocess' upon which some 'treatment' has
been épplied, then there must be some defensible connection with
the treatment being studied and the instrument. An inQestigation
of the psychologicél and educational literétﬁre on attitudes err
é period in excess of half a centﬁry reQeals instruments which,
élthoﬁgh designed with the objectiQe of medsuring én attitﬁde,
éppeér to exhibit some‘wedknesses. The majority of these defects
resﬂlt from a féil@re to énsure that thelattitude :céle does not

exhibit ény of the types of defect described eariier.

A 1éck of appreciétion of what measurement means can lead to
these defects. An example follows to illustrate how some
theoreticél defects might arise. Suppose one wishes to meésure
the physicél property of somé object, a bottle of wine, for
exémple; We assign numbers to some attribute of the object in
-éccordénce with some set of rules; Strictly'speéking we do not
meésdre the bottle of wine, we meésﬁre some well defined énd
concebtﬁ&lly cleér dspect of it. Ve méy, for exémple, measure

- its mass, its volume and its opacity. If a researcher



hypothesises that the rate of increase in blood élcohol content is
reléted to the opécity of the wine, the onds is on him to specify
exéctly what he means by these terms and how he proposes to go

' éboﬁt meésﬁring them. The n&mbers'thét héQe been'recorded,
corresponding to the meésﬁrements of méss, Qolﬁmg énd opacity may
be operéted ﬁpon in a Qariety of ways. -~ The oﬁtcomes of sﬁcH
operétions méy be uéeful or useless and meéningfﬁl or meaningless.
Cleérly, it is not possible for a meésﬁrement to be both
meéningless énd Qseful, but the other combinations are possible;
One cén, for instance, di&ide the mass of the wine by its Qolﬁme
to compute its density, a meaningful and useful Qélue for both the
wineméker énd the consumef interested in héQing a meéns of knowing
the alcohol content. (The specific gréQity cén easily be found

" from the dété'éééilable and this in tﬁrn is related to alcohol
content). Consider now the number obtained by adding together
the opécity and the ;olume. Such an operation yiclds absolutely
no information, the number is uninterpretéble, meéniwgless and
uselessi To conclude thg example é meaningful bﬁt useless
concept needs to be identified. Sﬁch a concept is KV (Méss X
Volﬁmei, which will generate é nﬁmber which will become lérger as
the qﬁéntity of wine increases. It cén be represented gréphicélly,
énd is cleérly meéningful bﬁt as it hés no practicél épplicétion or
Qélﬁe it is therefore dseléss. To'retﬁrn to éttitude measﬁrement
the wérning pointed up by the exémple is to éQoid combining
together different measurements unless there is a compelling

theoretical or practical reason for doing so.
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An instrument deQeloped by Hérrison (19715 exemplifies a kind of
defect which coﬁld be described és a lack of theoreticél construct.
The instrﬁment soﬁght to assess the éttitﬁdes of studazils, in a
éollege of technology, to their course. As with the wuels of Genn
(l976$, it is cleérly possible to identify and define theoretical
constructs such as 'satisfaction with course' and de@eloplsuitable
meésﬁring instrﬁments for such consﬁructs. Harrison, howe&er,

omitted to do this. Consider scme examples of his elements:

(a) 'TraQelling to this college is a difficﬁlt business;'

(b) 'Ho fees shoﬁld be charged for my coursc here;‘

(c) "My lecfﬁrers tell me whét'to lcarﬁ and no mgi: thén that.!
Does égreement with (aj reflect sétisféction (It's hard to get
there, Bﬁt worth the efforti or dissatisfaction? Does égreement
with (Bi reflect éttitﬁdes to colleqe, or the respondeht's economic
condition? Does agreement with {c) reflect sétisféctjcn (I'm a
dependent type and‘I like to be told what to do) or dissatisfaction
(the coﬁrse is fér too narrow)? The items quoted are not isolated

exémples and mény others could be cited.

If the user of Harrison's instrument tébﬁlated and intercorrelated
the scores, as might be done by opinion sur&ey agencies, the items
méy be considecred appropriéte, hut as soon és item scores are summed
the ébsence of any theoreticél rationélc renders éttitﬁde scéle
theory entirely inépplicéble and statistical techniqﬁes (e;g. split

half reliébility testing) completely irrelevant.
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It is possible to question the inventory of Shah (196. r his
'Attitude to Science Course at Training College.' As - Harrison,
Shah does not base his elements on a single construct. < both
cases ‘(Harrison and Shah) a high score would indicate a guod match
between the respondents' opinions and the scale constructors' model
of what constitutes a 'good' attitude, - By the same token, a low
score would indicate a mismatch of perception between the scale
constructor and the respondent, but an intermediate score would be
meaningless and useless. These test designers should not have
applied summated rating techniques, indeed any test/inventory
designer should ensure that all the elements do have something in
common beforg the responses to separate items may be added together

to produce a meaningful total score.

Defects associated with the confusion of variables are less
elementary than defects associated with summated rating techniques.
A.review of the scales published reveals that generally some
attempt is made to ensure the items possess something it commen.
Consider the scale constructed by Selmes (1971) and used by Wilmut
(1971 and 1973). Some of the scale items are:
(a) 'The cold dispassionate scientist is a mythicél énimél;'
(b) ‘'Science is a fixed and clearly defined body of
knowledge.'
(c) '*There is no such thing as unprejudiced obserQation;
every act of observation we make is biased.'
(d) 'Science is boring.'
The scale purports to measure 'attitude towards science and
scientists.' This assumes that the attitude is a single,

unidimensional trait. It can be argued that this assumption is
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unwarranted and false, and that the single total scorz yielded By

the scale represents a confused mixture of separate variables.

Wilmut (1971) lists twenty components of scientific attitﬁdes
identified by Diederich (1967); scepticism, faith in ability to
solQe probiems, desire for experimental verification, precision,
hﬁmility, aversion to superstition, and so on. Such a list merely
serQes to identify attributes that scientists have, or are presumad
to have. They are apparently distinct attributes (just as mass,
Qolume and opacity are distinct attributes of bottles of wine).

They ére not ﬁecessafilz unrelated attributes; people's scepticism,
for example, might be correlated with their aversion to superstition,
(just as bottles of wine of large volume tend to be heavier than

those of less volume)..

However, many of the attributes listed are likely tc be
pgychologically distinct; humility and desire for experimental
Qerification for example, are probably unrelated. If this
érgﬁment is accepted, then it is unwise to assume that there is a
single, unidimensional trait called 'the scientific attitude'
which can somehow be measured by adding up scepticism plus faith
plus precision plus humility. This is, however, the argument that
Wilmut uses. Following his presentation of Diederich's list, he
ésserts: 'Thus a scale which seeks to determine the attitudes of
sixth form students towards science and scientists would need to
contain items which are relevant to each of these attributes.'

(Wilmut, 1971).
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Wilmut deQelops a scale based not on Diederich's list but on an
éméigam of a shorter list of attitudes identified by Aiken and
Aiken (19695, in their review of the literature on attitude to
science, and a scale already devised by Selmes (1971). This scale
contains items of four types:
(ai items which refer to scientists and their work; .
(b) items which refer to science in general terms;
(¢) items which stated an opinion about science as a method
of investigation;
(dj items which are either emotive in form or thought to have
a latent relationship with other items.
The first three types of items correspond to the categories in Aiken
and Aiken's review namely: (a) attitudes towards scientists,
(b) attitudes towards science and (c) understanding of the
scientific method. The theoretical construct underlying the fourth

is more difficult to discern!

The feature of both Selmes' and Wilmuts' Scale which makes them
Qnécceptable to the author is that all the items are treated as if

~ they were contributing to a unidimensional trait, i.e. a student's
éttifﬁde to science and scientists' is the sum of his responses to
all the items in the instrument. Once again the same argument is
ﬁsed, namely that the way to measurc &n éttitude is to identify
attributcs and then add them all together. The implicit assumption
is that attitudes to science, attitudes to scientists and under-
standing scientific method are all jusf aspects of a single

variable. This is of coursé simply not the case,

320



There are some strétegies which could be édOpted to minimize the
risk of defects of this kind. For instance the daté would be more
Qélid if at the original questionnaire design stége Thurstone type
scales are used. In this technique, judges are presented with a
single scale description, together with all the items supposedly
belonging on that scale. Thurstone type procedures‘are then
applied (even though the scales might ultimately be scored using
Likert type procedures). The judges rate each item, often on an
11 point scale, on a continuum running frem an extremely favourable
attitude to anrcxtremely unfavourable attitude. (The rating refers
to the strength of the attitude expressed by the item, and not the
judges' personal opinions). When this procedure is carried out,
ambiguous or irrelevant items tend to be given either a wide renge
of ratings or a fairly neutral median rating. Such items can be
eliminated. The same procedure is then used for each of the other
scéles. Items which survive can then be randomly assorted within

a single instrument; thz separate scales are of course scored
sebarately. Gardner (1972) has used this technique in

constructing scales measuring various aspects of attitudes to
physics. Both the sorting proceduré and the rating procedﬁre
reqﬁire an explicit statement of the underlying construct that is
being measured. A test of conceptﬁal clarity ié the inventory
designer's ability to communiate his constructs to his panel of
judges, and his ability to write items which reflgct those constructs.
Shogld he fail in this task the resulting range of 'scores' assigned
to eéch element by the panel of judges indicates the unsatisfactory

nature of the instrument.
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A second strategy might be to use factor analysis which can then
provide a further basis for allocating items to scales, for
verifying the uniqueness of the various constructs, or for reducing

the number of scales when some of them are shown to be redundant,

If empirical eQidence were available to show that attitudes to
scieﬁce, attitudes to scientists and understanding are all strongly
intercorrelated, then addition to form a single unidimensional scale
woﬁld be justified. In the absence of such evidence, the variables
should be measured separately and not added together; Two strands
of eQidence are available which suggest that these variables are not
strongly intercorrelated, thus supporting the contention that they
sthld be kept apart. The first strand is derived from the work of
Jackson (1968) who has reviewed the literature on fhe relétionship
between the achieQement of elementary school pupils énd their
attitudes to school. 'Commonsense’ might sﬁggest thét ééhiéQement
ought to be correlated with attitude. Surprisingly, the
correlatiens usdally turn out to be exceptionally low.  Thus
Vilmut's assumption that poor underétanding might be expected to

lead to emotionally unfavourable attitudes is questionable.

The second strand 6f evidence comes from an in;estigétion

(Gardner, 1972) in which Australian high school physics students
‘were measured on four attitﬁde Qariables; attitude towards
discovery learning, attitﬁdes towards the openness of physics
(Whether the stﬁdent saw physics as flexible and dynamic, or static
and unchanging), attitude towards scientists (eccentric or normal)

and enjoyment of physics. Each of these items' attitﬁde was
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meésﬁred, by a separété ten-item Likert type scéle} the items were
réndomly dssorted within the 46 item instrﬁment; The corrected
split~half reliability coefficients for the four scéles léy in the
range .75 to .89; the six intercorrelatioﬁs between the scéles lay
between .24 dnd .35; Thﬁs, while the Qarious attitudes were
correlated with one another (e.qg. pﬁpils who enjoy physics tend to
regard scientists as more normal), the féct that the intercor-
relations are Qery much smaller than the reliabilities indicates
that the variables are quite distinct; Factor anélysis of the item
responses proQides further evidence of the uniqueness of the foﬁr
scales. Here, then, is clear eQidence thét attitudes towards
scientists and attitudes towards the study of a scientific subject

are not the same thing.

The Selmes scale is not the only one to éttempt sdch 5 redﬁction.
For example, in an insirument entitled Attitude Toward Science
(Shéh, 1962), some oi the items reflect interest in science ('l like
science as a hobby'i while others reflect the respondent's

attitudes to the significance of science in society ('l feel that
science has grown ﬁp with the primary purpose of serQing hﬁmanity').
The researcﬁ evidence shows that these are distinct Qériébles which
oﬁght to be measured separately and not mixed together into é single
score. Later research using other scaies (Muttall, 1971} Ormerod,
1971 and 1973} shows that these Qariables are correlated, but are

certainly not identical.

A further example is,proQided by the work of Caster (1972), who

conducted an ;nvestigation of sixth-form science, mathematics and
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technology courses and administered a number of inQentories,
inclﬁding é Science MotiQation scéle; The scéle consisted of
three distinct sections. The first section presented é.list of
26 occﬁpations of which 14 were applied scientific/technicél}
respondents were asked to tick all that they felt would be
interesting. The second section conéisted of 12 multiple-choice
cognitiQe items requiring students to demonstréte understanding of
aspects of science in daily life, e.g. 'Which contributes most of
the efficiency of a thermos flask? Glasq/silQering/Qacuum.'

The third section (hobbies and influences) contéined eight
éssorted items asking about the respondent's interests, his father's
occupation and other matters. Scoring procedures were not
explicitly described, but‘apparently the single 3cience MotiQation
score was obtained by adding the number of scientific occupétions
ticked, the number of "“correct" cognitiQe items and the number of
science-based responses in the 'hobbies and influencus' section.
The rationale for sﬁch a procedﬁre is unclear. The reseércher was
interested in measﬁring creatiQity as a criterion Qériable} the
Science MotiQation scale, it is claimed, measures 'dominént
motiQétion factors which might ha@e influenced the subjects'
performénce in the creati@ity aspect of the béttery.' Simply
combining cognitiQe and'affectiQe items and assuming thét this
combinétion measdres moti&ation represents dﬁbious psychometric

technigue.
A final illustration here is proQided by the work of Bollen (19725

who devised an instrument to measure teachers' attitudes to the

"philosophy' of the Nuffield priméry science coursz. In mény
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respects this is a good scale; the items are well written and there
has been a clear attempt to relate their content to an explicit

rationale.

The rationéle consists of é number of Qélue jﬁdgements held by
de&elopers of the Nﬁffield coﬁrse; The key phrases in these Qalﬁe
judgements are: '

(a) The teacher does not need to be a subject speciélist.

(b) He should not follow a set syllabus.

{c) The children should be aliowed to work in groﬁps.

(d) InQestigation should be by practical meéns whcre&er

possible.
(e) The object .... should be to promote an attitude to open
ended enquify.

(f) The teacher should have faith (in the épproéchi.'
This collection forms a 'philosophy,' but it does not reflect a
single theoretical consfruct; There ére at leést two dimensions
ﬁnderlying this collection; belief in child-centredness, dnd belief
in sﬁbject speciélism. tatements (b} to (ei could p?obébly all be
regérded ds éspects of the child-centred Qs. the teécher-dominéted
dimension, HoweQer, the first value jﬁdgement reflected in the item
'A te&cher mdst héQe a good scientific background!' hérdly belongs on
‘the same dimension. A teécher with a good Nuffield éttitﬁde is
sﬁpposed to disagree with the item. Yet it seems perfeétly
rétional for a teacher to belieQe in a child-centred science
cﬁrriculum and still belieQe that a good science béckground is
helpful for teéching it. In other words, it is possible to belieQe

that subject specialists make better teachers, or that child centred
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education is valuable, or both, or neither. It follows that
teachers' views about subject specialism and their views about child-
centred education ought to be measured using separate scales; they

are not reducible to a single score.

The third, and finél, class of defect described earlier relétes to
the need for én instrument to exhibit some connection with the
treatment being applied if the outcome is hypothesised as being
relétgd to the treétment. If this stﬁdy were to make prescripti&e
comments indicating what teachers should do to chénge their students'
éttitﬁdes, then the measure of attitude should exhibit some
defensible relationship with that which the teacher is ainsed to
'do.' (i.e. the treatmenti. This kind of defect is less crucial
in this rescarch which does not confor& to the 'eXperimentél
prescriptiQe' type of project, and yet the possibility of this kind
of defect necds to be considered in e@aldéting existing instrﬁments

for possible use by the author.

Much research in the social and medical sciences conforms to the
model the author has calied 'experimental prescriptive,' which may

be simply defined as dpply treatment X and measure oﬁtcome Y.-

In ény experimental situation, én ﬁnlimited nﬁmber of treétments
coﬁld be épplied énd.én inimited number of outcomes coﬁld be
studied. How, then, does the researcher decide what to do?
Freqﬁently, bﬁt not always, he is gﬁided by some sort of theory.
For exémple, if treatment X is add fluoride to town water supply

and outcome Y is incidence of tooth decay, the two apparently
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Qnrcléted entities Sre connected By 5 théory which tells Qs how
fluoride sélts are incorporéted into tooth enémel; If a re;eércher
comes ﬁp with the outlandish proposdl to stﬁdy the effects of
flﬁoridétion upon the incidence of ingrown toe—néils, the onﬁs is
upon him to jﬁstify and explain why he thinks there might be a

connection between the two.

UnFortdnétely, mény edﬁcétionél'experiments belong to the
'flﬁoridation/ingrown toe-nails category. It is often less obvious
thét they do, because the inQestigétor can freqﬁently mésk the léck of
connection between tredtment and outcomec by the use of plaﬁsible
language. For example, in the study by Wilmut (1971 and 1973), the
treétment Qés 'Huffield A-LcQél physicdl science' project wor&, and
the oﬁtcome was attitﬁdes to science. This is not only pléusible,
but eminently reasonéble until one looks at the instrﬁment used to

measure the outcome.

It is important to note that a Likert-type scale is nothing more
than the sﬁm of its pérts; unless the experimental treétment
affects stﬁdents' responses to a large number of the indiQianl
items, it will hé&e no effect ﬁpon their attitﬁqe score. I% the
scéle contains a lérge number of items which in no wéy relate to the
experimentél treétment, then it is hugniy unlikely thét significént

tredtment effects will be foﬂnd.

To persue this kind of defect a little further, we must look at

five more items from Vilimut's scale.
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(55 ‘It is not possible to stﬁdy hﬁmén Eeings scientificélly;'

(b) ‘'Women scientists are less feminine than other women.'

(c) 'The basic moral ;ﬁle of a scientific society is‘simpleﬁ

mﬁtdél respect, intellectuél honesty, and good wil;.'
(d) 'The most important ad@ances in science are made by a few
oﬁtsténding men. '

(ei 'Scientists ha@e prerd that God does not exist;'
Since the research was specifically concerned with the effects of
physicél science project work, it is féir to exémine cach item in
the criterion instrument carefﬁlly énd ésk, whét is the connection
between project work and responses to this item? Are the treétmcnt
énd the meésuéed outcome manifestly reléted? Are the objecti;es
of project work - which Wilmut discusseé fﬁlly in én ecarly chépter
of his 1971 work-related to students' responses to these items?
Does project work in physical science claim to alter stﬁdents' Qiews
éﬁoﬁt the épplicébility of science to the study of human behéQier,
ébout the femininity of women scientists,'or about the fundamental
morélity underlying a scientific soéiety? Is there é theory tying
all these elements tcgether?  One sﬁspects 'that the answers to
these qﬁestion§ are all 'no.'' Since the scale is composed of
mény more such items, it is hardly surprising-thét no significént
differences were found between the experimental énd the control
groﬁps; Pértly this is é resﬁit of the confodnding of Qéridbles
within the scéle, bﬁt not entirely: e@en if the criterion
instrﬁment were diQided into sepérate, well-défined scales, the
qﬂestion of the relétionship between the treétment and outcome

would still remain,
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In the light of this discﬁssion, it is perhéps pertinent to note
thét scéle Qélidity is not é property inherent in é scéle; it
depends Qery mﬁch upon the pﬁrpose for which the scéle is Gsed.
This is considered further in the section deéling with the Qélidity
of the éﬁthor's scéle. A spétiél relations test méy bé Qélid for
meésﬁring the effects of play with blocks and construction kits bﬁt
qﬁite in&alid for meésﬁring the effects of an addio-QisQ&l langﬁége
coﬁrse; Dr; A méy constrﬁct an attitﬁde scale which he cléims is
Qélid bﬁt this does not medn thﬁt Dr. B should use it in studying
treétment effects unless the theoretical constrﬁct being measﬁred
by the scale can be shown to be related in some wéy to the

treatment.

The pre;ioﬁs pdrégraphs méy be considered to be excessi&ely criticél;
It wés not the aﬁthor's intention to giQe the impression thét the
area of attitude meésﬁrement has not been édeqﬁétely considered
elsewhere, on the contréry, attitude scéling is an area of
ps;chological‘reseérch which has been extensiQely stﬁd;ed.
HoweQer, before édopting an instrument élreédy in existence for a
newv rese&rch project, there is a need to cérqfdlly screen the
é@éiléble inQentories. As in this case many often hé@e to be
rejected; Howe@er, some instruments pass the screening énd emerge
és possible scales for adoption ﬁhich can then be considered in
reldtioﬁ to the specific reseérch needs. The aﬁthor foﬁnd eight
such scéles.

(a) Wilson-Patterson Attitude Inventory (WPAT)

(b) iinnesota Stﬁdent Attitﬁde In&entory

(c) Pﬁpil dttitﬁde measure. (Stﬁdies in inter-éction...
analysis. Flanders 1960).
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(d) Attitudes of Sixth-forms to School (Josephs 19735

(ej Science Attitude Questionnéire (Skﬁrnick & Jeffs 19715
(f) Physics attitude index (PAIi (Gardner 19745

(gi Physics cléssroom index (PCI) (Gérdner 1974)

(h) Personal Preference index (PPI) (Géndner 1974i

Each of the eight polentially useful measures identified in the
previous paragraph were then considered in relation to their

possible adoption, in whole or part, for the research.

In the six years since its first pﬁblicétion, Wilson-Pétterson
Attitude In;entory (WPAIj hds been widely used in resedrch projects
aroﬁnd the world énd in consequence a lérge amoﬁnt of informétion
on its practicél applicétion has been dssembled. Certéin rather
déted items in -the questionnaire hé&e been amended and others héQe
been revised to Tfacilitate ﬁndersténding or interprctation. In
éddition to general conser@étism, a nﬁmber of other éttitﬁde scales
hé&e been identified by factor anélysis; Two are othogonél
principél component factors; conservatism-liberalism and realism-
idealism. The others are obliqﬁe priméry factors inclﬁding:
militarism-pﬁnitiQeness, ethnocentrism-intolerénce énd religion=-

puritanism.

The Conservatism Scale remains incorporated in the inventory but
there is now a rationale for scoring other attitude scales from
which a much more detailed picture of the attitudes and belief

patterns of an individual or é group may be obtained;
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In terms of attitude dimensions this is possibly the best measure
available, however, this research does not demand the identification

of these factors.

Thus notwithsténding the quality of the in&entory it cleérly was

not sditéble for adoption by the aﬁthor for this research.

A review of the 89 elements of the Minnesota Student Attitude
inQentory together with comments of the mény researchers who haQe
ﬁsed this meésﬁre pro&ides e@idence to sﬁppdrt the Qélue of this
in@entory és a reseérch tool. There ére some diséd@éntdges'not

the least of which is the time it takes to answer the 89 elements!
The measure is strongly 'Americén' in style and requires
'anglicising' before épplicétion in Creét Britéin; The in;entory
is capable of giQing an indication of éttitude to a pérticﬁlér
teacher és well as attitude to school, this is poteutiélly ﬁsefﬁl as
the implicétion is ﬁhdt those elements reléting to cach féctor could
be isoléted and used élone; This 'editing' of a meésﬁre together
with the neced to dnglicise the qﬁestions woﬁld necessitéte pre-
testing énd Qélidéting the measure, and in conseqﬁence exhibited
little potential in terms of resource séQing o&er the design of a

new instrument.

Flénders, in commoh with the éﬁthor, wés pérticﬁlérly interested in
the effects of the teécher on 5ttitﬁde formétion. He constrﬁcted a
llb clement éttitﬁde scale from which he meésﬁred stddent éttitﬁdes
to school, subjects énd teécher which he célled the Pﬁpil Attitude

Measure.
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In common with the MAI this instrﬁment reqﬁired énglicising and w$$
" time consuming to complete. Certain elcments (pérticﬁlérly from
the attitude to science section) exhibited high face validity for
this reseérch énd were identified as potentially useful elements in
the construction of a new instrument shoﬁld the re&iew of existing
instruments féil to identify é meésﬁre sﬁitéble for direct édoption

by the author.

Josephs who, with Smithers at Brédfordg wvorked on Syllabﬁs—boﬁnd énd
Syllébﬁs-free stﬁdent orientations, de@eloped in his M.Sc.
dissertétion a Qery useful short (Bb elemsnt) attitude measure for
sixth-form pﬁpils; (Attitﬁdes of 6th., forms to school). A few,
éboﬁt 26%, of the elements are non-specific to the éth. form and
could therefore be Qsed in a new qﬁestionndire. This measﬁre is
pérticﬁlériy Qéluéble in thét it demonstrétes thét éttitﬁde meésdres

do not the to be lengthy to be Qalid, reliéble énd Gseful.

Sk&rnik énd Jeffs Science Attitﬁde Qﬁestionnéire is élso short;
The factors which cén be identified are:
(15 Science interest
(115 Sociél implicétions of Science
(iiij Leérning actiQifies. Althoﬁgh these reléte to Science
in generél most would éppeér to be épplicéble specificélly
to Physics. The section deals with the students'
preference for techniqﬁes sﬁch as reading, being lectﬁred

at, doing practical work, etc.

(iQi Science Teéchérs. Althoﬁgh this section deéls édeqﬁétely

with an attempt to measure the pupils attitude to his

332



teécher it does not represent any substantial improvement
over the sections of the general attitude inventories
reviewed which purport to measure attitude to teachers.
It has exhibited a high .reliability coefficient of 0.8l.
The weakness in relation to this research is in fhe desire
to quantify a student's attitude to his teacher as opposed
to his perception of an 'ideal' hypothetical teacher.

(v) Attitude to School. All three items used to measure this

factor also appear in the other inventories considered.

All three of Cardner's instruments, the Physics Attitude Index,
Physics Classroom Index and Personal Preference Index (Gardner
1974) can be considered together, These instruments are excellenf
examples of scale development, but nevertheless quite inappropriate

for direct 'adoption' for two reasons:

(a) The instruments have been devised for use with school
children and in consequence are inappropriate for
undergraduate students and adults.

(b) The instruments were devised for use in the Australian
culture and no evidence e#ists to suggest that a éirect

transfer to the British culture would prove acceptable.
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APPENDIX 2

The Attitude InQentory
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ERRATA

Please note the following

amendments to the Thesis

— —



p;Si. . Péré; 3;3. line 17; 'For “reject" read "reflect"
p.64. Paré; 4.3. line 7. Insert "the" between "in" énd
"appendix" and delete "1" after "appendix"
p.65. Para. 4.4.2. (b). line 4, For nalternated” read
"associated;
p.71. Para. 4.4,5. line 1. Insert "The" before "appendix"‘
and delete "2'" after "appéndix“
p;76; Para. 5.2.1. Delete from "appendix 2 ... " line 1,
to" ciees paragraph'5.3.).“ line 5.
p.87. Para. 5.4.4. line 17. For "leads" read "lends"
p.89. Para. 5.4.5. line 4. For "11" read "10"
p.96. Para. 5.5.1. For "X" read " " (Chi). _
p.97. Para. 5.5.2. Delete last two lines after "Figure 5/6
about here."
p.106. Para. 6.5. Delete last line sta?ting "Appendix .;..."
' p.llb; Para. 6.6.2. line 23. _Delete remainder of line after
" cvesae pafagraph 7.5."
p.115. Fig. 6/2. Cross in iower right segment should be
labelled "b" and the cross on left hand end of
sporty component should be labelled "e"
p.128. Line éb. Insert "and Mair" after "Bannister"
p.i36. Add tg eind of page "(a ncw packzge is currently being
produced by the author togethér with R. Bell
(University of Western Austraiia) and is due for
publication in November 1979)." -
p;L38. Para. 6.9.2. Line.lu. Delete all line after "prefan

and a2ll of line 15.
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p.178. Para. 7.3.2. line 14. Delete "s" at end of
"ﬁndergrédﬁdtes"

p;l79. Péré; 7;3;2; line 4; For "different" read "difference"

pﬂlel;. Fig; 7/1; Insert asterisk in second box from bottom

. | on left hand side startiné "IﬁQite

participétion ...;“

p:194. Fcrmﬁla near top of pégc _ label as 8/1.

p.Zlb; Para. 8.8;4. line 4. Delete "however" after " ;.;.(3:5“
The following three lines should then be amended

to read ...... "There is a significant relationship

between their construction 6f the first principal
’ | . ' componeﬁt and so the substansi&e hypothesis islnot
| . supported."
’ . ' " p.2l4— Page214 is totally replaced by the new versien attached
' ——at—the—end—ofoerrata—
p.224 & p.225. Renumber these pages ...;
224 becomes 225 °
225 becomes 224
5.227. Para. 8.11. line 17. Delete "intrinsic motivation"
p.228.  Fig., 8/20. " Insert "SIG" in'cell "Factor C/Physics
Teachers"

plzub;. Formﬁlé at foot of page should read ...
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p.252. Para. 8.15.1. line 6. Slater (1972) not (1977)
p.257. Line 1. For Slater '(1977) read Slater (1972)

p;Z_SB; Line 8. For Slater (1977) read Slater (1972.)
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