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ABSTRACT OF CONTENTS L

THE TEACHING OF ELECTRONICS IN SCHOOLS AND FURTHER _
EDUCATION: A CASE STUDY IN CURRICULUM CHANGE
DONALD WILLIAM HUNTER B.Se., Grad. B.R. Inst

This case study describes the development of Electronics

| within the curriculum in line with how both (Reid and Walker
| 1975, Case Studies in Curriculum Change) and (Goodson 1983,
School Subjects and Curriculum Change) discussed changes in
terms of theories of curriculum change.

| Alternative definitions of the term innovation are reviewed
and for the purpose of this study a definition is adopted
which includes syllabus change and major changes of scale

and strategy. The study gives an outline of the major
theories of innovation and implementation strategy. Features

of centralisation and rationalisation are described insofar

as these features led to current educational initiatives,

An account is given of how Electronics developed as a topic

within 'A' level Physics, a subject within B.E.T.E.C,

(previously €@.N.C./T.E.C.) and as a separate G.C.E. subject.

Data on examination entries in G.C.E. and C.5.E. Electronics

are presented., Thesedata are related to the size of L.E.A.s,

the type of centre, and also to explore the viability of

GeC.E./G.CsS.E. provision in Electroniecs.

Initiatives such as M.E.P., T.V.E.I., C.P.V.E., S.S.C.R. are

i described as they are expected to have a significant impact

on the growth of Electronics. The position of Electronies

within the curriculum and its educational value are

) discussed. Comment is made oﬁ the Systems and Components
approaches to Electronics and on the importance of project

ﬁ work. -Teacher difficuvlties with project work are noted and

suggestions are made on the use and range of enuipment

available so that a suitable teaching style may be developéd.
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SECTION 3. INTRODUCTION AND ACKNOWLEDGEMENTS

This case study describes the development of Electronics as a
subject within the curriculum relating this development to the
theory of innovation, implementation strategy and rationalisation
of educational provision. This interpretation is in line with
both (Reid and Walker 1975), and (Goodson 1983) and the manner in
which they discussed changes in terms of theories of curriculum

change.

The study reflects my own views formed on the basis of mny
experience as a lecturer in Physics and Electronics. During the
last eighteen year, I have taught Electronics to several
different courses vis: 0.N.C., T.E.C., G.C.E. ‘0’, 'A’, and
Endorsement. In this time, I have been involved with O0.N.C.,
T.E.C. Mode 3 type assessment, and as an Assistant Examiner
A.E.B. ‘A’ level Electronics Systems and Project Moderator A.E.B.

‘0’ level Electronics.

Throughout the study the term Electronics is used to embrace
transistors, I.C.'s, ﬁicroprocessors etc., rather than the term
Microelectronics as the latter term is too frequently immediately
equated with Computing, programming and key-board skills. The
abbreviations commonly used and given in the study are summarised

in the Appendix.

Within the scope of the case study, there was insufficient space




to consider computer assisted learning, simulation of processes,
C.D.T. etc., and it is recognised that features such as growth in
C.D.T. and Computer Science may be significant in terms of the

statistics developed.

As the study was restricted to the regions covered by the
Microelectronics Education Programme (M.E.P.) the statistics omit
Scotland. the Channel Isles, and Overseas Centres. Also
Indqmndant Schools were omitted from the data when L.E.A.’s were
compared as the activities of such schools is not affected by
L.E.A. policy. It 1is expected that there will be some minor
errors as some data may refer to provisional entrants rather than
to actual entrants. Where the number of entrants for each
centre was not specified an average figure was assumed; insofar
as the Boards concerned involved small number of candidates
usually within a 1limited geographical area the effect of
averaging is considered insignificant on the final graphs.

The copyright of this thesis rests with the author. No
quotations from it should be published without his prior written

consent and information derived from it should be acknowledged.
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. SECTION 4: INNOVATION .

Several alternative definitions of the term ’'innovation’ which
are relevant to the scope of this thesis are considered. The
emerging themes of innovation from the 1930s are then described
leading to detailed accounts of the themes which were given about
1970 by Rogers and Shoesmith, Havelock, Schon and House. The
themes are followed by a consideration of some of the many
factors which influence the attitudes of Local Government,
Public, Teachers etc. to innovation. The Section conludes with a
review of the various implementation strategies described in the
literature to take account of the various attitudes so that an

innovation may be successfully achieved.
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"The price of the employment of models is eternal vigilance"

R. B. Braithwaite, p93, Scientific Explaining (Cambridge
University Press 1953)

4.1 INNOVATION Alternative Definitions

4.1.1 Literatvre reviews such as those of (Dalin 1973) and
Nicholls 1983, 33-41) showed that in defining the term
‘innovation’ there were conflicting views involving concepts of
scale and control.(Miles 1964, 14) limited the scope for the
purpose of his book: "it would seem helpful to consider
innovation as being willed and planned for rather than occurring
haphazardly”; (Rudduck and Kelly 1976, 11) wrote of a "deliberate
attempt to improve practise in relation to schools”. By
excluding haphazard changes, such as those which occur despite
legislation, attention was focussed on those deliberate changes,
which are conscious practices, presumably capable of control.
(Nicholls 1983, 4-6) reviewed alternative definitions of the term
‘innovation’ and she submitted:"An innovation is an idea, object,
or practise perceived as new by an individual which is intended
to bring about improvement in relation to desired objectives,
which 1is fundamental in nature, and which 1is planned and

deliberate."

4.1.2 {(House 1979,1) quoted R.G. Paulston "Innovation is

viewed as relatively isolated technical or programmable
alteration or 1low level change whereas vreform involves a
normative notional and broad structural change." In doing so

House touched upon his earlier work: (House 1974, 57-58) and to

-17-



the two types of innovation identified by Norman: the variation
and the re-orientation. The variation requires no drastic shifts
within the existing framework, R whereas re-orientation involves
"new goals, new values, new, as well as realigned, power
structure, and shift in cognitive structure." The re-orientative.
innovations make it more necessary "to gain resources
politically, support skills technically, propogate new values

emotionally, and teach new cognition intellectually."

(Rich 1981, 2-39) also made a distinction in the terms innovation
and reform. He distinguished between two types of reformer:
programmable, involving curricula (Sic) programmes and
innovation:; systematic, involving authority relationships, power
and resources. Rich stated a "programmatic reformer” 1is an
innovator and much more, and described an “Innovative
Establishment Educator" as someone who accepting what is best 1in
the existing system believed "when problems arise innovations

should be introduced and effectively implemented."”

For the purposes of this study innovations are considered to be:
New or improved practices deliberately brought about by
individuals acting either in the role of teacher or of
administrator. These changes include 'the variation’ seen as a
syllabus change and ‘'the re-orientation’ seen as a major change

of scale and strategy.

-18-



4.2 MODELS OF INNOVATION THEORY

4.2.1 Early work on education innovation was carried out by
Mort at Columbia University in the late 1930's, (Hoyle 1969,
383) wrote "Mort‘s studies were focussed on financial rather than
on sociological variables." In this work Mort made a comparison
with agricultural innovations and he observed a considerable time
lag for the widespread adoption of new educationbal ideas. Since
then the rate of educational innovations has accelerated:
typically (Marsh 1964, 249) stated that the P.S.5.C. Project
adoption time, 1956 - 1963, "Makes a shambles of Mort’s earlier
schedule of curriculum innovation"; (Rogers and Shoesmith 1971,
60) made a similar point by reference to Driver Training 1930's -
1950's, and Modern Math, 1950's - 1960's. (Mort 1964) hinmself
had forecast that as earlier ideas were assimilated a faster rate
of development would occur. His awareness of assimilation was
shown when he wrote (p.324) "Not all innovations spring fully
armed from the brow of some Jove. _Some of them are old strands

in new patterns."”

4,2.2 Following the contribution of Mort several other
writers made early contributions to innovation theory:

i) The 'Modern Math’ was investigated by (Carlson 1965) who
replaced Mort’'s financial approach with a sociological one.
(Carlson 1965, 5) saw an innovation as having a 1life cycle:
adoption, diffusion and unanticipated consequeneces, He
suggested a step-flow mechanism with an S-curve adoption similar

to that of a chain mechanism. (Diagram 4.1)

-19-
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iy When making his first contribution (Rogers 1962) proposed
stages of awareness, interest, evaluation, trial and adoption in
the process of innovation; at this time he omitted "design"”.

Rogers later made further contributions (4.2.7).

iii) (Clark and Guba 1965) extended an original conception by
Clark analysed four aspects of educational change: research,
development, diffusion, and adoption. This basic Research,
Development and Diffusion (R D and D) model was referred to by
(House 1973, 3) who admitted that decentralisation, as well as
social and political forces may not have been given the attention
Clark and Guba required. (House 1974, 217) commented on the
evaluation study of (House, Kerins and Steele 1972) which
indicated that the "follow up" stage 1is highly significant
compared to the "demonstration", he described the conflict with
the views of Clark, and Guba and "contended that Clark, and Guba
had already changed their own conception of their Schema on the
basis of later experience ,...", (p. 220). (House 1979, 2)

credited Clark and Guba with the "finest conceptualisation ..... "

of the R D and D model.

-20-



4,2.3 Whereas Mort, Carlson, Rogers, Clark and Guba wrote on
the basis of their experience in U.S.A. (Williams 1966) of the
N.F.E.R. gave a general strategy affecting educational change:
preparatory, select pilot school, sustain new approach, teacher-
training and evaluation. He foresaw problems of staff turnover
when suggesting staff duplication in pilot schools; other
features suggested were that the pilot school should be located
near to an advisory centre and other pilot schools, and that the
larger schools could most probably provide é%ources in the form
of apparatus, accomodation, time table capacity etc. This
strategy remains relevant as do the requirements he gave to
sustain a new approach: in-service training to instill the
philosophy, providing a group identity through social support and
stimulus, getting teachers involved, allowing teachers a freedom
of approach such as choice and development of topics within the
preferences and strengths of individual teachers, continuing the
free time required to set up the course, and providing relevant
evaluation. Williams foresaw, the later problems of the
evaluator of the innovation when he wrote "Too often reform
movements pay more regard to fashion than fact"; a comment
similar to that of (Kerr 1964, 24) "It is easier to form opinions

" than to make judgements.”

4.2.4 (Nicholls 1983, 36-37) reviewed attempts by (Trump
1967), (Watson 1967) and (Rubin 1968) to identify the stages 1in
innovation. (Trump 1967) described procedures for initiating

innovation:

-21-



i) Analayse co-operatively reasons for present practices;

ii) Discover what people want that is different from what they

are doing;

iii) Make tentative decisions about the priority of proposed

changes;

iv) Plan the 1innovation carefully in terms of teacher
preparation, student preparation, procedures to be followed and

the anticipated effects of the innovation;

v) Determine the times and techngqiues for evaluation.

4,2.5 (Natson 1967, 110) after an analysis proposed a model
with ten stages: sensing. screening, diagnosing, inventing,
weighing, deciding, introducing, operating, evaluating and
revising. Some of these features resembled those given by (Rubin
1968, 159-162) who subdivided three sequential operations as

follows:

4,2.5.1 Preliminary analysis

i) Diagnosis of a weakness

1i) Analysis of the responsible factors
1i1i) Comparison of alternative correctives

iv) Selection of the best corrective

4,2.5.2 Strategy Selection
i) What kind of innovation was to be installed?

ii) Who will engineer the installation?

-22-



iii) What conditions characterised the target environment?

4,2.5.3 Action

i) Analysis of the innovation’s requirements in training,
material, and linkage to existing systems.

ii) Initiation of motivating pressures through inducing
dissatisfaction and illuminating the reward.
iii) Initiation of the influencing strategy.

iv) Initiation of the preparatory activities.

v) Installing the innovation.

vi) Supporting the transition from old to new.

vii) Linking the innovation to the permanant system.

4.2.6 The suggestions given by Williams, Trump, Watson and
Rubin etc. may have features in common and in total they embrace
much of the subsequent work. However, any single approach is
rather crude and simplistic, not individually capable of
preventing what (Hoyle 1969, 16) referred to as the "unplanned
drift" of curriculum.

(Kerr 1968, 15) commented about the absence of a coherent
theoretical framework and the need for more theory, research and
evaluation. Similarly (House 1974, 228) wrote "Rivlin labels the
strategy of the 1960's ‘random innovation’."

Almost simultaneously as if to answer this criticism theoretical

contributions were made in the form of three studies of models.

4.2.7 (Rogers and Shoesmith, 1971) writing (on the basis of

limited empirical studies to an academic audience) recognised

-23.



that any model would be 1limited by a deficient research
tradition. They identified three major division, (p. 103):
Antecedents, Process, and Consequences; and they gave the stages
in the process of Adoption: Knowledge, Persuasion, Decision, and
Confirmation. (Nicholls 1983, 34) suggested that this analysis of
adoption had much in common with the 'life-cycle’ proposed by
Carlson (4.2.2).
(House 1979, 2) described Rogers as "The master sythesizer of
cross disciplinary research on innovation", and he made reference
to a lecture given in 1975 by Rogers, in which Rogers criticised
his own earlier work in three points:

i) it was process orientated with a consequent lack of
identity to events;

1i) it was biased towards the view that innovation implies
good;

iii) the unit of analysis was not necessarily the individual.

It was criticism of this nature which led writers such as Clark

and Guba to change their conception, (4.2.2 (iii) and 7.1.1).

4.2.8 (Havelock 1969, 1971) reviewed 4,000 studies in many

fields including education and suggested three models.

4.2.8.1 Research, Development and Diffusion Model (R D and D).
This 1is innovator determined, who prescribes to a presumed need
of a receiver (target) group} This initiative is with the
Researchers, Developers Disseminators and the receiver is

passive,



(Havelock 1971) identified the major characteristic as:

i) It assumes a rational sequence of activities from research
to development to dissemination.

ii) It implies that planning on a large scale has taken place.
iii) It involves a division of labour with a clear separation
of roles and functions.

iv) It assumes a passive consumer who is willing to accept the
innovation.

v) It involves a high level of initial development costs
before dissemination takes place.
This model was criticised by (House 1974) for not taking into
account social effects.
(MacDonald and Walker 1976, 38) referred to the change agent,
central innovator agency, preparing and disseminating a packaged
solution, however, (Nicholl 1983, 15) suggested that given, what
is often a radical approach, teachers will not remain passive,
but will impose their own opinions. Indeed this occured to such
an extent that (MacDonald and Walker 1976, 26) cited the case
where to retain control in U.S.A. the centre mounted an attack on

the periphery.

4.2.8.2 Social Interaction Model (S.I)

This is sender determined, receiver reaction being assumed. The
sender assesses the reaction of the receiver and the sender
determines subsequent changes. Diffusion is through a process of
social interaction. The model emphaises the need for linkage
mechanisms, Becher’'s change agents who are able to identify and

atrengthen the diffusion network and exchange.
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Havelock 1971, 85-86) gave the characteristics of the model as:

i) The individual user or adopter belongs to a network of
social relations which largely influences his adopter behaviour.

ii) His place in the network (centrality, peripherality,
isolation) is a good predictor of his rate of acceptance of new
ideas.

iii) Informal personal contact is a vital part of the influence
and adoption process.

iv) Group membership and reference group identifications are
major predictors of individual adoption.

v) The rate of diffusion through a social system follows a
predicatable S-curve pattern (very slow rate at the beginning,
followed by a long late-adopter or ‘laggard’ period). (4.2.2).
4.2.8.3 Problem-Solving Model (P.S.)

In this model the receiver perceives a problem and seeks a
solution wherever available from the sender (change agent). The
change agent functions as a resource consultant in collaboration

with the receiver.

According to (Nicholl 1983, 17) the advocates of this model
usually emphasised five points:

i) User need is the paramount consideration, this being the
only acceptable value-stance for the change-agent; what the
user needs and what the user thinks he needs are the
primary concern of any would-be helper.

ii) Diagnosis of need always has to be an integral part of the
total process.

iii) The outside change agent should be non-directive, rarely if
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ever, violating the integrity of the user by setting
himself wup as the ‘expert’.

iv) Internal resources, that 1is, those resources already
existing and easily accessible within the client system
itself, should always be fully utilised.

v) Self-initiated and self-applied innovation will have the
strongest user commitment, and the best chances for 1long

term survival.

Many of the professional and social factors discussed later

are relevant to this model.

In his publication (Havelock 1971) interacted these three models
to formulate a link model. (House 1979, 3) later stated that "in
practise the R D and D model has not worked very well”
yet it "still dominates much government thinking”. This comment
applied not only in U.S.A. but also to many U.K. programmes such
as those of Nuffield and the Schools Council.

4,2.9 (Schon 1971) foresaw a phase of rapid, uncontrollable
unpredictable changes in which outward spread was a key idea and

speed of response was important.

4.2.9.1 The basic model is Centre-Periphery and involves three
assumptions:
i) The innovation to be diffused exists, fully realised, in

its essentials, prior to its diffusion.
ii) Diffusion is the movement of an innovation from a centre

-27-



out to its eventual users.
iii) Directed diffusion is a centrally managed process of disse-

mnination, training, and provision of resources and inventions.

4.2.9.2 Schon arqgued that the effectiveness of this model

depended on four features:

i) The level of resources at the centre.

ii) The number of points on the periphery.
iii) The length of the radii, or spokes, through which diffusion
takes place.

iv) The energy needed to gain a new adoption.
({Whitehead 1980, 3) argued that these features were irrelevant in
schools as the L.E.A. was the centre; (MacDonald and Walker 1976,
48) observed that "The developers command no-one and can afford
to offend very few." This model was a linear model which Schon
identified with Rogers within this framework he dismissed as
simple minded Rogers equation of diffusion with communication:
(MacDonald and Walker 1976, 14). Schon himself modified his
presentation of the centre-periphery mode by substituting

‘infrastructure technology’ for ‘'spoke length’.

4.2.9.3 Schon proposed two variants of this model:

i) Johnny Appleseed in which a dreamer (bard) roams his area
spreading a message; this wvariant has overtones Social-
Interaction and the bard is close to being an innovator-
entrepreneur hybrid.

This model allows adoption to special conditions but not to the
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development of a centre.

ii) A 'Magnet’' at the centre attracts agents of diffusion. Schon
saw this as the more attractive variant as it had the advantages
of tighter control of teaching and greater efficiency in the
use of teachers; it’'s disadvantages were that it had less control
over what happened afterwards, and 1less variation in adaption to

the particular needs of the outposts.
4

4.2.9.4 Proliferation-of -Centres Model

Schon extended his first model to overcome inherent sources of
failure by clearly distinguishing primary and secondary centres.
The primary centre supports and manages the secondary centre; the

secondary centre represents the scope of the whole system in the

earlier model. It 1is in the secondary centre that diffusion
occurs. Each new secondary centre provides an exponential
increase of the primary. This remains a linear model. Schon

predicted failure due to resource limitation and conflic£ between
the central and regional philosophies. Although this model was
attributed to various schools council projects, (Whitehead 1980,
3) commented that the centre comprised the innovator and
management team wusually appointed for four years whereas
appointments at the teacher centres within the secondary stages
are usually permanent so that the model could not be applied to

Great Britain.

Whitehead (p.4) further commented on another Schon variant-the
Periphery Centre Model. This model required two way

communication to improve ideas/matrials. Failure was predicted
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here as teachers/parents reject innovation. In this model

cyclical elements were being recognised.

4.2.9.5 Shifting centres model

Schon proposed a model in which there was no clearly established
centre and which involved a changing message. Although this
differs from the centre periphery model diffusion still occurred.
(Whitehead 1980, 5) referring to (Shipman 1974, 122) likened the
support from a centre to the aid given to less developed
countries, could the support lead to accumulated resources so
that the secondary centres become self-sustaining engendefing
their own momentum. (Nicholls 1983, 21) commented "It is clear
that there are certain similarities between Schon’s centre-
periphery model and Havelock’s R D and D model and so some of the
strengths and weaknesses aiready mentioned in connection with
educational innovations developed in the latter would also apply
to those developed in the former." The present economics of the

less developed countries puts Whiteheads optimism into a stark

perspective.
4.2.10 ({House 1974) made a contribution which was discussed in
{MacDonald and Walker 1976) also (Kelly 1982). {MacDonald and

Walker 1976, 18) wrote of House "His focus 1is firmly on
educational innovation, and to a large extent arises out of
personal experience of the curriculum reform movement. He 1is
able to take into account nearly a decade of attempts to
implement one major variant of the centre-periphery model, the R
D and D paradigm first identified by Havelock." Schon had

already 1indicated the significance of socio-economic factors.
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(House 1974, Chap.2) extended some earlier work, reviewed by
(MacDonald and Walker 1976, 19) to form a social model composing

two kinds of social groups.

4.2.10.1 Rural, a homogenous society. Ideas are communicated by
personal contact between individuals of comparable social status
and the spread of ideas is affected by distance. Within this
society innovations are accepted by individuals being referred to
as ‘'household’ innovations and spread as waves. (p.16): "Each
new adoption increases the speed of diffusion .... The snowball

effect is powerful."

4,2.10.2 Urban, a heterogenous society. Distance is now less
significant as barriers of social status are the most
significant. House proposes that within this society innovations
leap from one wurban complex to the next largest 1in size,
independant of distance. Such innovations are referred to as
‘entrepreneurial’ innovation (p.16): "Entrepreneurial risk often
involves a higher social, economic, or political risk.” Within
education the spread of P.S.5.C. materials had already been noted
by (Marsh 1964, 263), he observed that the spread was in the form
of clusters, independent of authority boundaries reflecting
professional contacts. It was also noted that staff who change
employment either stop the use of the innovative practise or
start a new cluster. However, (Peterson and Emrich 1983, 232)
wrote of a 1974 T.A.G. project in U.S.A. which reported few

"ripple" effects were evident.
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4.3 INDIVIDUAL PARTICIPANTS WITHIN THE EDUCATIONAL MODEL

(Bolam et al 1978, 222) describing the changing eductional
climate in the 1970's wrote "First successive cutbacks in public
expenditure following the 1973 o0il and economic crisis have 1led
to strong 1lay and political demands for cost-effectiveness and
accountability: dirigism is now in the air. Second, there is now
much greater public scepticism and debate about what are
unusually termed modern methods...." (Kelly 1982, 21) wrote
"economic recession has resulted in serious reductions in the
amounts of public money available for education" and gives this

as a factor of increasing significance in education.

(Nicholls 1983, 9) referred to Coombs who suggested that if a
steady flow of clients was assured within schools then interest
in innovation was reduced, there was no equating of funds ¢to

performance.

The climate of falling roles, economic recession and a changing
social attitude increasingly impinged on education and were
features affecting innovation from the later 1960’'s. Such
features can obviously lead to conflict over the direction and

nature of educational change.

4.3.1. THE LOCAL GOVERNMENT
4,3.1.1 L.E.A.s may be subject to the whims and vagaries of
elections, consequently 1long term funding cannot be assured

(Saran 1979, 39) attempts to fund major capital projects over a
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short term may not be feasible. So although the administration
"has the authority to precipitate a decision": (Brickell 1964,
503), it may not have the will. (MacDonald and Walker 1976, 44)

referring to curriculum development work wrote "The rhetoric 1is

premised on an unexamined assumption: that all of us concerned
with the education of pupils - teachers, administrators,
advisers, researchers, theorists - basically share the same

educational values and have overlapping visions of excellence."
Perhaps 1local councillors have other values and priorities!
Other than capital expenditure on buildings and the support
required for the provisionrn of staff, capital equipment and
consumables there can be further hidden costings. (Nicholss
1983, 5) commented on the costs incurred as staff are released
for initial and on-going planning, the scale of such costs not
always being apparent as "they tend to underestimate the time
needed" (they = teachers). (House 1974, 19) wrote "For many
innovations there will be a threshold unit below which an
innovation cannot be adopted or sustained” there is an "econonic
and technical feasibility of an innovation for a given town."
Albeit the financial structure in the U.K. differs from the
U.S.A. but the comments of House still apply: a local authority
cannot gain limitless funding from central government, it must
determine it’'s priorities. If an innovation is to succeed an
L.E.A. can make a major contribution by allocation of resources,
selection of staff, and guidance given: (Peterson and Enrick
1983, 223 and 228). (Hoyle 1974) stated "More broadly the local

Authority can make a significant contribution in the provision of
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social and community facilities such as libraries." (Eggleston
1977, 47) similarly noted the crucial role of publishers. (House
1974, 45) indicated how authorities controlled one resource, that
of staff appointments by "stacking the deck” and "lining up the

ducks."”

4.3.1.2 (Schmuck 1974) recognised that on the part of the
L.E.A. changes will be required in the status groupings and
communication networks as there is incompatibility of
organisational arrangements with innovations. (MacDonald and
Walker 1976, 122) wrote ‘“curriculum projects usually nurse
ideologies of reform in the organisation of the school and the
nature of education itself.” Such a view was expressed by Coombs
and given in (Nicholls 1983, 8): "widespread transformation of
attitude towards change in education."” If an innovation is to
gain support from the administration then the changes required
must not threaten the power wielders especially the "informal
elite" and their control: (House 1974, 47). (Gross et al 1971,
200) related failure of innovations in many cases to poor
administration, they refer to weaknesses in role identity, 1lack
of vresources, and poor appreciation of the skills and knowledge
of teaching staff. The work of (Dickinson 1975) suggested that
innovations may be opportunist and often related to re-

organisations involving pupil intake.,

4,3.1.3 (Bolam et al 1978, 228) in a survey carried out in
1973-75 for the DES, made several criticisms of L.E.A. advisers
with respect to monitoring procedures, analysis of benefits,

application of management theory, and consultancy role. A survey
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(p.178), revealed the level of advisery follow up to be poor; and
(p.180), dependent on the experience and background of the
adviser. (Bolam et al 1978, 163) "showed that half of the
innovations, with which the advisers were associated, derived
from policy changes at a higher level." 1In conclusion training

and an advisery role were recommended for L.E.A. advisers.

4.3.1.4 The importance of the Chief Administrator was reflected
by Proposition 5 of (Griffiths 1964, 434) "The number of
innovations is inversely proportional to the tenure of the chief
administrator” also Proposition 6 "The more hierarchial the
structure of an organisation the less the possibility of change."
(Carlson 1965, 10) 1in a study of School Superintendants noted
their influence as a source of ideas from outside; the.,role of
School Superintendant in U.S.A. 1is equivalent to that of Chief
Administrative Officer in the U.K., and Carlson’s comment was
incompatible with that of (Bolam et al 1978, 163). Charts in
Bolam et al do not support the concept of the administrator
promoting an idea! In U.S.A. Carlson was able to relate the rate
of innovation adoption to the social status of the superintendant
and stated (p.330) the "School superintendant i1is neither a
helpless victim of his local budget, nor a powerless officer
holder dominated by a superordinate school board." When
(Griffiths 1964, 435) gave Proposition 7: "when change 1in an
organisation does not occur it will tend to occur from the top
down not the bottom up" may not this suggest tacit approval and
formal provision of resources being given to what is already

‘routine’? (Peterson and Emrich. 1983, 247) accepted this point
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but continued to stress the importance of Adminstrators in

establishing suitable conditions.

4.3.1.5 (Hooper 1969, 420) on the topic of funding wrote "It
had led to innovations being pushed to the outside of an
educational institution: when the grant money runs out, the
innovation is carefully peeled off without damaging the

structure, and thrown away."

The significance of innovation to higher management was indicated
when (House 1974, 256) asking "why innovate?" referred to
(Travers 1973) ".... to make education more efficient and more
productive so that it will cost less”, also the materials and
equipment of such a technology can carry conservative political
messages, either explicitally or implicitally, that favour those
in power." House added "If the school becomes receptive to a
constant stream of innovations, each replacing the last, and each
an ‘improvement’ one has created an eternal market for
innovation products." Such a step is seen as an important
attitude in industry, commerce, and re-training. The process of
innovation within education was seen as having far ranging
implications involving features outside of education; House
continued "Education thus becomes more dependent on external

controls - on those who control the flow of innovations."

4.3.2. THE PUBLIC
Parental influence other than via elections is increasing. In

general (Brickell 1964, 502) thought a "climate of interest" can

-36-



be created. (Brickell 1971, 404) considered that although public
neutrality was harmless "The public must be informed about a
change so that it will not come as a surprise and arouse
opposition for that reason alone." (Kelly 1982, 190) touched on
parental influence when he suggested that many projects have been
aimed at pupils of "average ability" to avoid conflict over the
nature of associated exams. Other evidence of increasing
parental participation was shown by their involvement as school
governors towards the end of the time period involved. (Becher
et al 1981, 4-6) and (Taylor Report 1977) gave details of

interested groups. (See 5.1.5)

4.3.3 THE INNOVATORS, CHANGE-AGENTS

4.3.3.1 The innovator., change-agent, and opinion leaders have
many of the motivations of teachers; they are often themselves
teachers on secondment. In general innovators etc. have
leadership qualities, areas. of special knowledge and the ensuing
professional aspirations. The importance of field agents as a
link was stressed several times by (Paisley and Butler 1983, 221-

229 and 75-78).

Within the central team there may be role definition, (Nicholls
1983, 39), (Rogers 1962) indicated that the innovator was not
always the most respected member of his social system. Indeed,
(Miles 1964, 642) referred to the "less heroic characteristics”
of the innovator and suggested that one characteristic was the
inability to cope with the problem of survival of the innovating

team. A project leader was seen as being charismatic, pragmatic,
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and able to function within the various constraints, even to the
acceptance of scaling down innovation to hold it within a budget.
Also the project 1leader was seen as an entrepreneur who
pragmatically trades off. = (House 1974, 71) wrote "The
entrepreneurial group can bargain for increased formal rewards,
thus shifting the reward structure within the organisation."
(MacDonald and Walker, 59-74) considered that trade offs may lead
to a two images .concept giving a detailed example from the
Geography for the Young School Leaver project; elsewhere it was
suggsted that concept adulteration couple with institutional
conservatism also helped to promote two images. (House 1974, 56)
noted the administrative entrepreneur "can operate best when
there is a fragmented or loose bureaucratic structure" this is in
accordance with (Griffiths 1964) Proposition 6 and was suggestive

of the need to trade-off. More alarmingly it was suggested that

trade-offs may extend to evaluation.

4.3.3.2 Innovations were described as affording career
opportunity, although (MacDonald and Walker 1976, 39 and 47)
doubted the reality of the concept of career optimists joining a
‘band-wagon’. Instead (MacDonald and Walker 1976, 46) noted that
in seeking some self-improvement it was possible to become
"unwittingly the spearhead of an institutional confrontation."
Staff seeking for career advancement were unlikely to engage in
conflict with the system so diluting feedback, indeed there was a
greater danger that they formed an inward looking elitist group
further inhibiting communication. (Whitehead 1980, 21) doubted

that promotion prospects would be enhanced by association with
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recent developments and wrote "Another consideration which 1
undoubtedly avoided in the United Kingdom literature, is that oé
financial incentive." (House 1974, 73) mentioned "the flatnesé
of the reward structure", "more material extrinsic rewards are-

scarce", and gave student enthusiasm as an acceptable reward.

4.3.4 THE HEAD TEACHER

4.3.4.1 The Head Teacher can help to assist innovations but
perhaps not as far as some would expect; (House 1974, 53)
suggested a conservatism within the school when he wrote "Any
innovation has meaning only within a particular social structure
and the social structure of schools is such that an innovation
pandenmic is unlikely." The structure, climate, and
organisational health of a school was consequent upon the L.E.A.
appointment of a Head Teacher even though as (Nicholls 1983, 70)
observed there may be doubt as to how to create a suitable
climate. (House 1974, 40) generally saw educational management
as having a conservative attitude there being two types of
appointment: career-bound and place-bound. The career-bound
appointment was more likely to accept an innovation ‘'band-wagon’
as this afforded an opportunity for attention seeking. An
appointment from outside an authority was free of the social
restraints identified by (Carlson 1965, Chap.2) and could be
considered to have a mandate for change. (House 1974, 44) did
not develop this aspect of a career-bound man unfreezing a social
structure other than reference to a health programme, (p.43). He
observed that the career-bound, more mobile, of the officers

supported easy to adopt innovations and were orientated towards
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their professional group; those innovations which were difficult
to adopt were supported by place-bound 1locally orientated

officers.

4.3.4.2 {Nicholls 1983) devoted a chapter to the function of
the Head Teacher in innovation and she wrote (p.12) “Two research
studies suggest . that while the Head Teacher is frequently the
initiator of innovation in his own school, it is doubtful if he
is the source of innovative ideas.” ©She referred to (Brown 1971)
who 1in a study of innovations in primary schools observed that
the Headmaster was greatly influenced by H.M.I.s, the mass media
and official publications. (Carlson 1965, 10) saw the
Superintendent as a source of ideas from outside which he needed
to actively promote. Earlier reference to (Bolam et al 1978)
indicated that a range of links must be operative. An H.M.I.
study ‘Ten Good Schools’, 1977, identified the most important
single factor in good practice as the leadership of the Head
Teacher; however, good practice and innovativeness need not be
synonimous. Indeed (Dickenson 1975) reported that innovations
were often introduced to. solve the Head Teachers immediate

problems.

4.3.4.3 (Hoyles 1968) saw the Head Teacher. as having the
necessary freedom but accepted that he was.limited by the quality
and stability of his staff.  The autonomy of the teacher within
the classroom according to Hoyles, presented the Head Teacher
with a complex and  difficult task to affect organisational

changes to accommodate innovators.
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4.3.4.4 (Nevermann 1974) identified four types of school

structure:

i) The authoritarian-bureaucratic type in which the principal
takes decisions autocratically in a hierarchial structure.

ii) The consultative type in which the principal retains final
authority though he delegates more and uses consultative
procedures.

iii) The collegiate type in which authority rests with the
professional staff, and the principal acting as an executive, and
on which pupils and parents may be consulted.

iv) The full participatory type in which authority rests with
professional staff, students, and perhaps parents and non-

professional staff.

(Taylor 1968, B89) referred to somewhat similar work by Lippit and
White 1in their investigation of leadership roles and social

climates in Youth Clubs.

4,3.4.5 Obviously the character of the Head Teacher may

determine which structure was closest to that of the school.
(Hoyle 1969), (Nicholls 1983), and (Kelly 1982) veferred to
Halpin who investigated organisational climates identifying six
climates, of these the open climate was described as: "There is
a high level of morale and teachers will work together. These
tasks are facilitated by the Principal’s policies. Group members
enjoy friendly relations but do not feel the need for a high
degree of intimacy. The Principal sets a good example by working

hard and he either criticizes or helps teachers according to the
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circumstances. He provides subtle direction and control but does

not monitor the work of his staff too closely. He is in full
control and provides leadership for his staff": (Hoyle 1971,
387).

4.3.4.6 (Kelly 1982, 138) wrote "The more open a school is the
more likely it is to absorb innovations"; (Nicholls 1983, 67)
added a less positive note quoting Hughes, ‘“only certain aspects
of organisational climate may be related to innovativeness."”
(Nicholls 1983, 67) wrote "Using a different measure of
organisational climate, another study (Hilfiker 19709) also found
a relationship between innovativeness and openness (characterised
by ready accessibility, co-operative attitudes, tolerance of
internal change and permissiveness of diversity in social
situations) and trust (the degree to which an individual
perceives interpersonal relationships as characterised by an
assured reliance or confident dependance on the character,

ability, or truthfulness of others)."

The necessary climate and organisational health 1is complex.
(Bullock 1980, 23) stated "any activity within an institution can
mean different things to different people, depending on their
expectation of the activity, their pre-conceived ideas and
assumptions about the system and their expectation of the

personnel in it."

4,3.4.7 Should a school be successful 1in establishing an
innovation then as some . staff are career orientated they will

take advantage of the success and move to more senior
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appointments. (MacDonald and Walker 1976, 39) indicated thal
Shipman suggested staff changes made the Social Interactioﬁ%
mechanism “yyery vwvunerable", whereas (Whitehead 1980, 20)
considered that this problem of atrophy was "rarely mentioned.”
Even more in contrast is the view of (MacDonald and Walker 1976,
114) who implicitly doubted the permanance of the Social
Interaction network writing "The enduring achievements of the
project have been 1less in the qenerations' of networks of
individuals and more in the creation of organisations and
institutions." Thus external contacts can be re-established and
staff atrophy may not be critical but within a school staffing
stability can create the necessary climate and in consensus it is

better to have committed staff within the school rather than to

graft on or add experience from external staff.

4.3.4.8 Teachers will expect the Head Teacher to be aware of
problems and (Nicholls 1983, 52) noted that innovators, Heads of
Departments, would look for prompt support. Such support would be
analysed by staff, those involved with the innovation and being
asked to work harder will view the Head's approach to both ‘lazy’
and ‘weak’ teachers with keen interest: (Becher et al 1981, 93).
(Bernbaum 1976, 22) suggested two models of Head Teacher which
may be affective "skilled and trained adminstrators capable of a
kind of scientific and detailed control of decision-making
processes" and "a non-directive role....cannot possibly be the
essentially dominant figure of the past." (Hargreaves 1982, 25%)
echoed the last point by qoting Razzel’'s comments about the era

of the autocratic Head imposing his thumb print, being almost
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over.

4.3.4.9 (Nicholls 1983, 87) writing of the Head Teacher stated
"His position is a difficult one because he carried the ultimate
legal responsibility for the curriculum. While he cannot, and
some would argue should not, carry out all the tasks associated
with the management of innovation, it would be reasonable for his
teachers (and governors or managers) to expect him to have
sufficient knowledge and expertise to undertake certain
leaderships roles.", adding "The increasing number of in-service

courses in educational management is a recognition of this fact."”

4.3.5. THE TEACHERS

4.3.5.1 Teachers have a crucial role in educational innovation,
considerable attention was given to their problems in the class-
room by several writers. (Nicholls 1983, 41l) wrote "an
innovation frequently requires teachers to give up practises in
which they feel secure and’display high levels of competence and
to adopt new practises in which, at least temporarily, they feel
less secure and where possibly be less competent. There are
expectations that teachers should be competent and some may not
be willing or able to tolerate even a temporary incompetence or
to tolerate feelings of insecurity.” (House.1974, 73) commented
"The necessity of relearning acts as . a deterrent. New skills
make old skills obsolete, and there comes a time when it is no
longer worth the effort of 1learning .new skills to master
innovation."” (Marsh 1964, 251) wrote "even innovators work

within the limits of their experience.” The consequent inertia
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of some teachers can then give rise to the administrative view
expressed by (Miles 1964, 11) "that the teachers who will do this
teching are an ineducatable lot of dunderheads who are the main

barrier to innovation."®

4.3.5.2 It 1is this attitude which led to the concept of the
teacher as a resistor. (House 1974, 70) referred to the
isolation and resistance of the teacher within the classroom and
wrote (p.13) "....they adopt only bits and pieces, worrying about
how even these will fit into the local setting. As always they
are concerned about their social group and this has profound
implication for educational change." (Miles 1964, 634) saw the
professional identity of the teacher as resisting change,
(Brickell 1964, 505) was less emphatic "The early questions,
doubts and hesitance expressed should be distinguished from
outright resistance to change.". . Similarly (Gross et al 1971,
196-7) questioned the concept of resistance to change and
suggested that the failure and opposition. lay in inadequate
clarity of role, lack of skills and knowledge, lack of resources,
and an 1inadequate school schedule: all. management failures.
They recommended that. the teachers view of problems be accepted.
The view given by (Kleln 1976, 41) of resistors was in a sense

questioned by (Olsen 1980, 3) who doubted the existence of

resistors insofar as the teachers can work well in well .

functioning systems. (Holt 1981,  10) referring to teacher
initiative 1in new, open, schools wrote of. "teachers personal
committments to openness . and change", with administrative

protection initiative functions more smoothly. (Marsh 1964, 267)
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on the subject of the P.3.5.C. project in U.S.A. vrather than
write of resistance instead wrote "Ultimately then it was the
class-room physics teachers ignoring the tendency towards
exclusiveness of both scientists and educators, who reconciled
scientific strategy and educational practise and made the
P.5.5.C. viable." (Mort 1964, 327) went so far as to suggest
that when innovation was very slow it’'s authenticty should be
gquestioned. (Atwood 1964, Chap.2) used anthropological
interaction theory to explain why involvement-initiative causes

less resistance.

4,3.5.3 The importance of early involvement was stressed by
many workers: (Petersons and Emrick 1983, 228), (Rogers and
Eichholtz 1964, 313) indicated the importance of predisposition
which they suggested depends on social mixing, the reading of the
teacher, and the resources available. Predisposition could be
affected by the public climate of interest noted earlier.
(Brickell 1964, 524) also suggsted that staff could be involved

at all stages through professional organisation.

The need for teacher involvement was recognised by (Nicholls
1983, 74) who criticised the use of the teacher in a merely
supportive role but "unable to act as a critic at the level of
ideas.” It was suggested that to regard the teacher as
conservative and an impediment was naive, management should
"devise implementation strategies for action-research to account
for and circumvent this influence.'’

4.3.5.4 (House 1974, 254) identified that "The teacher’'s
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behaviouyr is 1learned by imitation and tradition..."; the
structure of teacher selection training etc., was described as
leading to a conservative attitude on innovation. (Mann 1979,
194) suggested that in the 60‘'s and 70's teachers were relatively
young, unprepared to challenge convention thus reinforcing
tradition. (House 1974, 64) 1identified this conservative
attitude as leading to a low level of entrepreneurism if not
taken 1into account in the structure calling for "more structural
flexibility, lack of specificity, and 1less rigorous role
definition." To the latter end (Musgrove 1968) used the term
role-hybrid. Such a flexible role was a major shift from that
which (Brickell 1964, 504) saw as normal when the teacher can
only alter instructional procedure, relocate curriculum content
within a teacher group, and following recent training introduce
special courses. {Hoyle 1968, 389) expressed a similar view
"Within his classroom the teacher has a high degree of autonomy
if not over what he teachers at least how he teaches it, but 1in
terms of the overall policy of the school he has relatively

little influence."

4.3.5.5 To function as a role-hybrid retraining may be
involved. (Johnson 1964, 178) suggested "participants are paid
for attending, a recognition of the importance of the task to
which the teacher has been called." (Brickell 1967, 405) went
further and suggested that to encourage staff not only should
they be paid for time at the meeting, but also meals and travel
incurred and salary credit for training. These were more

positive steps than those given when (House 1974, 75) noted the

47~



work of Cohen which suggested that the informal reward structure
can increase morale and job satisfaction, a similar point being
made by (Peterson and Emrick 1983, 224). {Munro 1977, 59)
writing of a C.E.R.E. report referred to a lock of understanding
of the in-built reward and punishment structure. (Nicholls 1983,
88) saw those teachers with special skills adopting a leadership
function and gave an ominous warning "If they are not able to do
so there is always the danger that those activities might be
undertaken by agencies outside the school. In these
circumstances teachers would become no more than technicians
carrying out the ideas of others, with Head Teachers acting as

adminstrators."

4.3.5.6 There is evidence given earlier that the resistor role
needs to be questioned. A measure of interest was expressed by
teachers in the way 1in which they do attempt to assimilate
innovation. (Anderson 1979, 77) suggested that "local
information is not available nor is innovator interested in local
practise."” (Johnson 1964, 177) went so far as to suggest that
local factors should be taken into acount in 1legislation, and
wrote (p.179) "Consideration of flexibility.demands that each
school district be provided freedom to proceed on the process of
change at 1its own rate."” (Mort 1964, 326) and (Berman and
McLaughlin 1975 and 1977 and 1978) also noted the importance of
local effects. (Kohl 1981, 11) in reference to new schools wrote
they "can also be orientated around the development of knowledge
of the 1local community." (Louis 1983, 82) noted that the

emerging demands in such an instance will probably not be met.
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(Munro 1977, 53) was not in absolute agreement with Anderson
stating "several projects have emphasised the need to match the
function of schooling to different settings”, he criticised the
‘A’ level Biology and ‘Maths for the Majority’ for not looking
outside the school context. It was noteworthy that Munro
mentioned that materials could not be teacher proof as the
"specific situation" was significant whereas early Nuffield

projects were orientated to the production of packaged materials.

4.3.5.7 Another criticism afforded by teachers was that of
language. (Olsen 1977) pointed out the need to see teacher
problems in teacher language. (Nicholls 1983, 74) referred to
the comment of (Jackson 1968) on the conceptual simplicity of
teachers talk. (Taylor 1982, 55) wrote "We have paid too little
attention to the language teachers use." (Beauchamp 1963) found
“no logical and consciously identified set of constructs behind
the language being used by curriculum workers"”. (Munro 1977, 50)
referred to the work of Core and Schroeder to make a similar
point "....writings were often incomprehensibly biased in their
presentation or of a limited applicability.” An example of this
was (MacDonald ..and Walker 1976, 12) writing of "a consensual

process of melioration under benevolent overarching management.®

4.3.5.8 (MacDonald and Walker 1970, 49) suggested that to
survive, a project must have:
i) a '‘non-divisive’ view of the curriculum needs of the pupil;
ii) a high estimate of the ability of the low-achieving pupil;

iii) a fully articulated. theory. of pedogogy in its control area;
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iv) a new curriculum that embodies the ‘latest’ conceptions of

the subject held by University scholars.

They suggested that such conditions would satisfy educational
establishments, educational sociologists and philosophers, also

subject specialists.

But what of the teacher with his divisive local needs, lack of
resources, skills and knowledge? Olsen doubted whether the
presentation of innovation in working parties was effective:
"discussion was not an educational construction familiar to
Science teachers." (Nicholls 1983, 19) wrote "A more practical
problem .... was that of limitation of technical skill in course
construction"” and ‘'"teachers gave no attention at all to the
educational principles underlying the major dimensions of the
innovation.” (Whitehead 1980, Chap.7) identified many of these
problems in the Humanities and General Studies Schools project:
"teachers are not used to the idea of stating objectives nor do
they have appropriate training."’ "Lack of observation and
assessment techniques necessary before individual pupils can be
‘matched’", "it should not be possible to ignore those sections
of the wunit which are particularly closely related to the
project", and the curriculum package "should adequately and

correctly reflect project philosophy."

The curriculum package as was stated previously must be ’‘sold’ in
advance and relate philosophy to practise. If this was not done

then teachers may over-emphasise familiar components: (Brickell
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1971, 405). With the various deficiencies noted it was not
surprising that it was often reported teachers buy the materials
but not the concept. (Nicholls 1983, 15) referred to a lack of
rigour and superficiality. (Paterson and Emrick 1983, 226) made
a similar comment drawing on the work of (Stearns M.S. et al 1975
and 1977). (House 1974, 71) referred to delay in adoption even
though time-tabling is provided and (p.78) to the tendency of

staff to "transform program intents."

4.3.5.9 The challenge of the expertise of the central team can
be daunting and even if the innovation was accepted by the
teacher once the novelty has worn off there is a reassurance in
reverting to familiar established processes, similarly if funding
was removed. Those staff, who were attracted to a project as an
escape from a boring job or domestic circumstances may find the
project stimulating and exciting at first. (Whitehead 1980, 11)
reported that trial teachers may find greater involvement in
schools other than their own; a natural escape from boredom.
However, the attitude of such staff was hardly 1likely to
influence the long term effect of innovation in terms of their
in-depth/influence on expectation and relationships within a

school: (Malone and Crone 1978, B4).

4.3.5.10 Various works reviewed by (Nicholls 1983, 44) suggested
that there were two types of teacher 1in terms of decision
involvement; obviously those who have lowest job satisfaction and
opportunity to be involved in decisions may find attractions 1in
projects. (Olsen 1980, 2) drew on the work of Sieber who

identified three types of teacher:
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i) rational, uses the best information available to form a
decision;
ii) co-operator, only needs to be shown a direction;

iii) powerless, 1lnert and must be instructed.

and the work of Doyle and Ponder who described three similar
types: rational, pragmatic sceptic, and obstructionist. On the
basis of this work (Olsen 1980, 2) proposed that any approach
should recognise negative inducements to change and be based on a

combination of these three types to suit all teachers.

4.4 SURVEY OF IMPLEMENTATION STRATEGIES TO THE LATE 1970'S

4.4.1 (Miles 1964, 2) wrote "A very wide variety of
strategies for creating and controlling educational change 1is
being employed - polemical, manipulative, technological, prestige
-based, experimental, moralistic - with varying degrees of
success. " 0f these strategies he broadly identified, (p.655),
those as good which allow the teacher autonomy, freedom,
involvement and spontaneity; and those as bad which involve
newness, ambiguity, and unrealistic goal. It is significant that
(Miles 1964, 648) was aware that a strategy may cause further
innovation beyond the goal, especially as the mechanism of new
feedback and added counselling become mechanisms of potential

change.

(Miles 1964,) gave six types of intervention:
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i) Team teaching; - the whole team outside of the
school setting discusses a
problem to improve working
relationships.

ii) Survey feedback, - with the purpose of improving
attitudes and opinions.

iii) Role-workshop, - staff of equal status meet and
discuss their role on the
basis of questionnaire data.

iv) Target setting, - the Head and individual staff

meet, say six monthly.

v) Organisational diagnosis the team in a residential
setting discuss specific

problems,

vi) Organisational experiment following an innovation trial
data is evaluated to formulate

further policy.

Later (Miles 1965) introduced the term ‘organisational health’ to
describe how receptive a school environment was to innovation.
The emphasis was on strcuture not people: goal focus,
communication inadequacy, optimal power equalisation, resource
utilization, cohesiveness, morale, innovativeness, autonomny,
adoption and problem-solving capacity. _ (Stenhouse 1975)
suggested these dimensions had a non-reality, he was doubtful if

innovative schools had clear goals: (Holt 1980, 1095).
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4.4.,2 (Rogers and Shoemaker 1971, 22) implicitly provided a
strategy when they gave five factors which applied to the

acceptance of an innovation:

i) Relative advantage - what benefits are there
economically, socially etc., is the
innovation better than what existed
previously?

ii) Compatibility - 1s the innovation consistent with
those values acceptable economic-
ally, socially, professionally etc?

1iii) Complexity - to Qhat degree is the innovation
difficult to understand and use?

iv) Trialability - can the innovation be tried out in
its separate parts?

v) Observability - are the results of the innovation

visible to others?

These models of strategy were as deficient as were the models of
innovation of the same period, (4.2.1), and as evidence was
evaluated from work 1initiated throughout the 1960’'s, more

sophisticated observations emerged in the mid 1970's.

4.4.3 (Rudduck and Kelly 1976, 98) isolated four factors in

the dissemination process:

i) Translocation: the movements of people and materials

necessary to implement new aspects of the curriculum:;
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ii) Communication: how information about an innovation 1is
transmitted from one person to another;

iii) Animation: the need to arouse teacher’s interest in
the project, and to provide some motivation for them to
involve themselves in it;

iv) Re-education: implies that considerable understanding
and committment are required in the effective implementation of

an innovation.

Writing in 1976 Rudduck and Kelly surveyed earlier strategies and
experience, reaching the conclusion that ’‘'Re-education has seldom
been achieved, and that only recently has the importance of
motivating teachers been appreciated. They considered that past
neglect might be accounted for by concentration on changing the
content of the curriculum. Emphasis now centred on the need for
changing the way in which the teacher performed his role, since
most new projects involved him in many unorthodox teaching

techniques and other classroom activities.

4.4.4
In addition Ruddick and Kelly divided the dissemination process

into three time phases:

i) Receptivity - likened by Whitehead to a softening up
process.
ii) Adoption - the project is taken up, its new ideas

are received.
iii) Implementation - how the project is used in practise,

how the innovation is maintained.
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These phases were described as being complementary to the

components of dissemination eg. Receptivity.

4.4.5 (House 1979, B8) referred to later work of Rudduck 1in
which she saw dissemination as the meeting of two distinct
cultures, the research population and the teaching population.
(House 1979, 9) also referred to MNWolcott, who divided the
population into technocrats and teachers overlapping in a
‘'moilety’ system. Wolcott saw the two groups as exhibiting

complementarity, reciprocity, conceptual antithesis and rivalry.

The teacher culture was means orientated and

i) Teachers are autonomous
ii) Teaching is sacrosant
iii) Only teachers understand teaching
iv) Teaching has a tradition not easily changed

v) Teachers are vulnerable

The Technocrats were ends orientated; and information, rational
planning, projects, management setting and command knowledge were
valued. Many of these factors were implicit in Pitmans extended
negotiation model, (4.4.3), and identify with on the one hand the
conservative attitudes of teachers to innovations, (4.3.5), and
on the other of failure of the technocrat to be able to

effectively and efficiently communicate with the practitioner.

4.4.6 (MacDonald -and Walker -1976,. -40) -concluded "the myth of
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receiver has been nailed." They considered take-over bids for
the social system would fail giving two reasons:
i) the take over strikes at the self esteem of those to be co-

opted.

ii) power is distributed more widely than those at the centre

realise.

4.4.7 They made three propositions (p.42) about Curriculum
Negotiations: propositions which (House 1979, 6) described as an

original contribution.

i) Projects are subordinate to the school system and can only
seek their ends within the 1limitations and constraints of that
system, |

ii) Projects engage in image manipulation in order to disguise
discrepancies between their own educational convictions and the
convictions held by others, particularly teachers on the one
hand and academic critics on the other.

iii) There 1is a constant generation of two distinct and
conflicting views held outside a project concerning what the
project actually ‘is’, one view is held by teachers, the other by
critics, concerned with the way an innovation is to be introduced.

Further they observed:

iv) The so-called gap between intent and practise is in part a
function of the differences between these two views of the
project. The gap is therefore partly planned.

v) The process of curriculum dissemination, 1in so far as it

assumes a stable message, does not .occur. The process to which
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the term 'dissemination’ is conventionally applied would be more

accurately described by the term ‘curriculum negotiation’.

4.4.8 (Pitman 1981) suggsted that the MacDonald and Walker
negotiation model needed to be extended as changes should be
looked for not in the teacher but in the student subjected to
the innovation, also it should be recognised that the developer
and teacher have different motivations. The use of the term
‘developer’ by Pitman to replace ‘'innovator’ more frequently used
by other authors suggested that the centre functioned as a tean
with division of 1labour. (Rogers and Shoemaker 1971) had
described '‘change-agents’ and ‘opinion-leaders’ in a somewhat
similar complementary role. Pitman required negotiation to take
place otherwise the teacher would intercept the message, imposing
their own philosophy: (Nicholls 1983, 14) suggested that
innovations as determined within a school would have a "lack of

rigour".
Four types of negotiation are described:

1) Dis-equalisation, - essentially a range of options are
offered so that in accepting one of these the practitioner has a
closer identity with what is to be put into practice. Acceptance
is facilitated by more contact.

iy Swamping, - essentially in giving too much emphasis on an
issue, ‘overkill’ occurs and the praétice may be adopted on the
basis that it can be identified to the problem as perceived.

iii) Conciliation, - in this form the basic differences in

stance are avoided so the practictioner takes away a superificial
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adoption.
iv) Suppression, - this involves a refusal on the part of the

practictioner to accept any part of the proposal.

4.4.9 (Chin and Benne 1976) identified three groups of
strategies, considered by (Hoyle 1970, 3) to be similar to those

of other writers on the subject.

i) Empirical-Rational Strategies, an agent assumed to be
aware of the receiver circumstances and of the possible effects
of an innovation communicates to a receiver assumed to be both
rational and capable of reacting. This simplistic approach
assumed knowledge is power, it took no account of behavioural
changes required and needed strengthening by improved general
education, choice of staffing, applied research, and 1linkage
system. These suggestions and the concept of a systems analyst
as Staff Consultant were thought by (Nicholls 1983, 29) to have
problems in relation to innovation in schools. (Hoyle 1971, 392)
saw the consultants concerned with content rather than the
mechanisms and processes of change especially as this applies to

schools.

ii) Normative Re-educative Strategies, when identified with
an innovation this strategy changes in social constraints and the
concept of the "socio-cultural norm" (Chin and Benne 1976, 23)
wrote ".... changes in normative orientations involve changes in
attitudes, values, skills, and significant relationships, not
just changes in knowledge, information or intellectual rationales

for action and practice.” (Hoyle 1971, 392) identified two
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approaches to this strategy: a problem solving method examined
the situation from outside to determine how the system behaved,
the alternative method required more involvement with the system

to determine how ones development would impinge on the system.

(Nicholls 1973) thought that the use of school based in-service
education and external consultants might make this strategy more
acceptable, but she dealt particularly with the spirit of the
approach. 0f the approaches to this strategy she wrote (p.31)
“Both emphasise experience-based learning as a feature for all
lasting changes in human systems, and both accept the principle
that people must learn to learn from their experience if self-
directed change 1is to be maintained and continued.™ The
innovator was being called on for certain features, (p.31):
"Openness of communication, trust between persons, lowering of
status barriers Dbetween parts of the system, and mutuality
between parts.” These and other factors make this strategy "more
difficult, complex, and time consuming" and consequently not
widely applied. (House 1979) described a model of a technocrat
with his management setting and command knowledge; the use of the
Normative~-Re-educative strateqy would certainly afford a

challenge to such a person.

iii) Power-Coercive Strategies, such strategies according to

(Nicholls 1983, 32) "emphasise political and economic sanction
and the use of moral power playing on feelings of guilt and
shame." Chin and Benne considered that such strategies were

widespread and not always perceived by those out of power.
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(Nicholls 1983, 32) gave references to the use of this strategy
in schools in spite .of current thinking about staff employment.
(Brickell 1971, 503) made a. somewhat similar point when he wrote
"The language used almost universally in discussing
administration - ’‘shared. decision making’, ’‘the team approach’,
‘full staff involvement’ was not descriptive of the actual
process. More often than not these euphemisms were intentional

disqguises."”

(House 1979, 11-12) thought that the early innovation process saw
teaching as a craft and that later a technology role was
identified. He suggested that for those who see teaching as a
craft, political controversy over their role and function was
unavoidable, whereas the technolgist became involved in the
controversy of the evaluation and organisational structures. The
controversy, he suggested required "coercion and pressure,

bargaining, and compromise."”

Nriting of Power-coercive strategies (Hoyle 1971, 392) stated
"But within education there is a strong sentiment against such
strategies founded on the assumption that because of their very
nature educational ends cannot be achieved without the
committment of the participant, both teacher and taught." This
latter reference to the 'taught’ is significant as it is made in
1969 and is currently relevant in 16+, FE etc., proposals

concerning curriculum.
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4.5 CONCLUSION

The Schools Council at an early stage recognised the need for in-
service training, provision of liaison staff, setting up of local
centres and the need for alterable and on-going evaluation of the
dissemination. These features and the tendency of management
models to include Social Interaction and Periphery-Centre modes
to be implemented by means of appropriate strategies could
significantly achieve many of the purposes of innovation.
However, as (Rudduck and Kelly 1976, 103) noted when referring to
models and their hybridisation "This is not to say that such

theoretical issues play a large part in official thinking."
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SECTION 5. CENTRAL CONTROL AND RATIONALISATION;

(Havelock 1969, ) wrote "....the government should be in a
position to see one system. Government capacity to monitor
whole, check on standard of research, development and

diffusion..."

This section describes how the D.E.S. achieved it’'s pre-eminence
over L.E.A.s and teachers, in matters of educational policy; also
how the D.T.I. became increasingly involved in education and
training. The activities of both D.E.S. and D.T.I. are shown to
offer the Central Control described by Havelock and the impact of
their policies iz described. A Dbrief account of the
rationalisation of examination provision is given as this 1is
relevant to changes in syllabus structure which are still to be

announced.
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5.1 FAILURE OF THE TRIPARTITE CONTROL OF THE CURRICULUM 1972
- 77-

5.1.1. CRITICISM OF EDUCATION PROVISION.

(Richards 1978, 1) wrote of 1963-73 as being a ’‘golden age’ for
education, "there was an emphasis on innovation, enterprise,
autonomy, and diversity fostered by belief in the wvalue of
education for economic, social and intrinsic reasons.” This
period which could be said to have begqun with the launching of
Sputnik I, October 1957, ended abruptly with the o0il crisis and
it’'s economic consequences in 1973. Other factors such as
falling rolls, unemployment: (Salter and Tapper 1981, 192),
parental pressure, unanswered problems of inequality and
underachievement: (Chessum 1980, 115) and political philosophies
combined to question the attitudes of the ’'golden age’.
According to (Richards 1978) "... awkward questions have been
raised about the role of education, the effects of curriculum
reform, the intervention of central government, the desirability
of teacher autonomy, the significance of ‘hidden curriculum"”, and
the supposedly non-political nature of education in general and

the curriculum in particular."”

Criticisms of the curriculum implied in the famous phrase made in
1960 by David Eccles about the ‘'secret garden’ of the curriculum
could no longer be ignored. (Weaver 1979, 67) writing of Policy
Analysis and Review noted the new ‘machinery’, "led, in 1971 and
1972, to a wider and deeper re-appraisal of education policies

than the Department had ever previously attempted." (Salter and
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Tapper 1981, 194) indicated that "By 1975 something of a gap had
developed between the implications of the D.E.S.’s internal
planning arrangements and the reality of it’'s external power or
lack of it." Various writers made reference to the significance
of the 10th Report of the House of Commons Expenditure Committee
which (Lawton 1980, 24) maintained was produced "... partly as a
demand that Education should give value for money but partly as a
criticism of the fact that D.E.S. appeared to condone the view
that teachers alone should have control of the curriculum."
Further criticism of the D.E.S. for not being open in it's

dealing was made by a 1976 Select Committee: (Kogan 1978, 119).

In 1976 the Prime Minister, James Callaghan, in his Ruskin
College speech drew attention to the failure of the Secondary
School Curriculum, its failure to innovate and especially the
failure of schools to encourage students to continue on to study
in the sixth form. Not surprisingly industrialists such as
Weinstock and Meltoer now commented publically on the education
system, whereas previously comment was made privately: (Ahier and

Flude 1983, 22%5).

Following the various criticisms the D.E.S. abandonded its
previous passive role (Holt 1980, 9) and according to (Salter and
Tapper 1981, 39) "... ever since the D.E.S. has 1led to a
purposeful quest for a new experience of schooling geared more
closely to the needs of the labour market." The appointment' of
James Hamilton as Permanent Secretary marked the beginning of
this changed role: (Hammersley and Hargreaves 1983, 46-47) in

which the D.E.S. used its power (Weaver 1979, 22-24) to establish
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its pre-eminent credibility partly by destroying the credibility

of its esrtwhile partners in the golden age.

5.1.2 THE ‘UNDERMINING' OF THE L.E.A.s

A request, D.E.S. 1978a, was issued to L.E.A.s in November 1977
for information of L.E.A. education provision. This led to a
‘Report on the Circular: D.E.S. 14/77’ in 1979; writing in the
foreword to this report the Secretary of State observed, "The
Government is deeply committed to the maintenance and improvement
of educational standards in the schools. This does not mean
looking for more resources, which are not available, but getting
better wvalue for the resources which can be afforded. Concern
about educational standards can not be divorced from concern
about the curriculum offered.” This D.E.S. review revealed that
although 70% of the L.E.A.s retained central funds for

curriculum development only 20% were able to provide limited
funding for projects and only 40% referred to actual work on
science etc. Whether the poor picture was a consequence of the
Local Government re-organistion in 1974: (Hunter 1983, 100-101),
was speculative; the report did however afford an opportunity for

a central control: (Pile 1979, 236).

Further opportunity of central intrusion was offered when the
L.E.A.’s found it would be inefficient for them to face
individually in isolation the common problem of future
educational provision 16-19: (Ahier and Flude 1983, 72), and they
sought a central solution leading to the (MacFarlane Committee

Report 1981). The Secretary of State used his power relative to
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that of the L.E.A.’'s: (Weaver 1979, 38-39) also (Pile 1979, 29-
30), in line with the foreword mentioned above, and "MacFarlanes
keynotes were rationalisation, resource management and cost-

effectiveness": (Edwards 1983, 6l).

The White Paper of March 1981 ‘The Government’'s Expenditure Plans
1981-2 to 1983-4' stated "The Government remain committed to the
objective of maintaining and improving the quality of education.”
For ‘standards’ in 1979 read ’‘quality’, in 1981 an interesting
‘amendment in view of socio-economic changes. The White Paper
also mentioned financial restrictions suggesting that education
".. can serve as the foundation for further educational
development and improvements, not all of which need more
resources." Sir Keith Joseph was more explicit on this point in

January 1982: (Hunter 1983, 93-4).

In response to falling rolls and the avoidance of duplicating
small classes with specialist Staff, Manchester proposed a scheme
involving sixth form Colleges and Further Education (F.E.) which
was envisaged to develop into a Tertiary System. This was
rejected by Sir Keith Joseph as "only in exceptional
circumstances can it be right to reduce good schools from 11-18
to 11-16." As (Edwards 1983, 73) observed the decision
contradicted MacFarlane'’'s support for treating 16-19 provision as
a totality. Shortly afterwards the Croydon Tertiary proposals
were rejected as the remaining 11-16 schools were considered too
small for appropriate curricula and sufficient teaching groups.

(Hunter 1983, 97) wrote "By siding with particular local
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interests against the elected Authority the Secretary of State
undermines the Authority, and therefore it could be argued
diminishes the reponsibility of Local Government. It is an
example of ‘centralism’ with the D.E.S5. or Government taking on
more responsibility and negotiating local decisions when it suits

them."

5.1.3 THE DEMISE OF THE SCHOOLS COUNCIL

The Schools Council comprised a tripatite structure involving
D.E.S., L.E.A.s and Teachers providing the teachers with a
legitimate authority in matters affecting the curriculum etc.
However, whatever authority the School Council had was weakened
by its own 1978 Report which:

i) criticised the R D and D model, (4.2.8.1), which was the
model adopted by the Schools Council for many of its projects.
ii) Showed that features of its own 1972/73 report were still
not implemented. The Dissemination phase widely held to be
important: (Whitehead 1980, 58) was added to the Humanities,

General Studies Schools Project (H.G.S.S) as late as 1984.

Many other factors contributed to the declining influence of the

Schools Council:

i) In the Black papers (Cox and Dyson 1971) the Schools
Council was associated with progressive methods when there was a
growing call from many for a return to the '3R’s’: (Dcle 1983,
242). (West 1984, 182) considered that the complaint of falling
standards ‘never stuck’ and he attributed the problem to a lack

of definition of curriculum aims and objectives, (Salter and
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Tapper, 1981 119) commented that the constitution of the Schools
Concil outlawed such concepts as ‘intervention’ and ‘direction’
and (Becher et al 1981, 146) showed that in the face of criticism
the Schools Council found solace in their ’‘professional wisdoms’.
ii) The Schools Council was identified with teacher unions
and teacher politicians and their petty policies by several
writers: (Kogan 1978, Chap.6) and (Becher et al 1981, 147);
iiil) The organisational structure of the Schools Council was
weak. (Galton 1970, 139) identified a weakness insofar as the
election of teachers onto the Council was via the official unions
and professional organisations. (Mann 1979, 127) stated that the
diffusion strategy was ‘cumbersome’ and ‘ill-designed’ to gain
co-operation at a time of rapid change. Other writers such as
(Salter and Tapper 1981, 125) suggested that by making
appointments on short term contracts that any advantage of fresh-
blood was far outwelghed by a failure to accumulate expertise.
iv) Since 1964 the Schools Council was committed to broaden
the sixth form, yet its Q and F proposals were found unacceptable
in 1969, and its N and F proposals were dropped in 1979 (Holt
1980, 48-52 and 1l66-168), (Kelly 1982, 124) wrote of the limited
effectiveness of the Schools Council in promoting curricula
change, and when it did encourage change it was criticised for
the wuse of policies which could lead either to indoctrination:
(Kelly 1982, 125-7) or to an extension of teacher power through
the use of Mode 3 examinations (Whitty 1983, 170-71). In fact
the control of C.S.E. examinations was effectively in the hands
of "... senior members of the professions rather than a major

devolution of power to teachers on the class-room floor":
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(Whitty 1983, 168) and Whitty suggested that Mode 3 was
relatively conventional rather than subversive. Nevertheless the
C.S.E. was not considered an effective means of curriculum
control (Hurford 1979) and there was criticism of teacher-
assessment from Universities and traditional University based
G.C.E. boards which extended into a further criticism of teacher

autonomy: (Whitty 1983, 176); (Bowe and Whitty 1981, Chap.1ll).

(Pile 1979, 99) wrote of examination and curricula aims at 16,
“This was a problem that could only be tackled by a body with a
wider remit than the supervision of examinations" and the
reponsibility for developing a new common system of examining
was not given to the Schools Council: (Holt 1980, 140),

iv) The Schools Council was an easy target for financial

saving.

Many of the criticisms were moderated as being made either in
hindsight: (Kelly 1982, 127) or without regard to the valuable
practises stimulated by the Schools Council: (Lawton 1980, 160);
indeed many of the Schools Councils initiatives such as the
proposals for sixth form review made in 1972 were later followed
through. (Holt 1980, 182) summed up the activities of the
Schools Council as either doing the right thing at the wrong time

or the wrong thing at the right time.

The Schools Council anncunced its own intention of a constituted
review: (Mann 1979, 128) but in effect Shirley Williams initiated

a review in 1977-78. This led to a reconstituted Schools Council
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in 1978 and new guidelines in 1979 so that the Government and the
L.E.A.s had the greatest contrel as they dominated the
influential Financial Committee. (Varney 1985) described how the
Trenamane inquiry, announced in 1981, criticised the Schools
Council but suggested no further review for five years. However,
within a short time the Schools Council lost its status and the
Schools Examination Council (S5.E.C.) and Schools Council
Curriculum Review were formed; the latter continuing the policy
of the Schools Council of moving from national projects to local

curriculum development: (Salter and Tapper 1981, 126).

5.1.4 THE TEACHERS STATUS IS WEAKENED.

The status of techers relative to the D.E.S. and the L.E.A. in
curriculum control was weakened by the D.E.S. initiatives against
the Scheools Council. (Salter and Tapper 1981} also made several
references to how the teachers unions were outmanouvered by the
D.E.S. Other writers such as (Mann 1979, 127) and (Holt 1980,
132) described how the teachers case was weakened as they did not
take a sufficently wide view to form their judgements, This
decline in influence was not opposed by the public who at that

time identified teachers with the findings of the (Auld Report

1976) into the William Tyndale School.

(Salter and Tapper, 1981, 209) described the further erosion of
teacher power when the Taylor Report (the Composition of School
Governing Bodies 1977f) was issued. In F.E. Sector (Cantor and
Roberts, 1979, 22-3) considered that the creation of Governors

l. (Pages 54, 62, 208, 224)
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weakened the Principals role and the formation of an Academic
Board weakened the role of the L.E.A. However, the changing
membership of the Academic Board allowed the Principal to take

the initiative and the L.E.A. retained a financial control.

5.2 THE GREAT DEBATE AND IT'S AFTERMATH.

5.2.1 THE ROLE OF THE D.E.S.

The changed role of the D.E.S. became more evident following
release of the 1977 Yellow Book and the 1977 Green paper, and the
ensuing Great Debate. Basically the D.E.S. sought for:

i) an increase in the work of the Assessment of Performance
Unit (A.P.U.), a unit set up in August 1974 and . criticised by
(Lawton 1980, Chap.4) because of its secrecy. A measure of its
low profile was that (Pile 1979, 103) noted "an extensive
programme of research" but never mentioned A.P.U.

ii) financial control as afforded by the Training Services
Agency (T.S.A.) and Manpower Services Commission (M.S.C.).

iii) a common curriculum core.

Ten regional conferences for selected audiences were held in 1977
followed by the issue of the Red Book 1977, in which reference
was made to the eight areas of experience to be included in the

curriculum.

(Lawton 1980, vii) wrote "there are faint but discernable signs
that D.E.S. 1is attempting to exert more central influence". He
saw (p.9) the 1977 Green Paper and the Red Book as suggesting a
desire from the centre for control of the curriculum. Within the

climate of opinion created by the Great Debate. (Salter and
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Tapper, 1981, 41 and 91) stated that D.E.S. was prepared to state
its own view as in ‘A framework for the School Curriculum 1980°,
and then gauge the reaction before modifying their perspective to
‘The School Curriculum 1980°. Both documents were considered to
be significant as they offered definitive guidance on the
curriculum: (Kelly 1982, 239) and they put down in ‘black and
white’ several important statements including that there should
be a core: (Kogan 1984, 129). (Salter and Tapper 1981, 34) noted
the "... repeated pronouncements to the effect that school should
serve the needs of industry more effectively", a policy viewed by

(West 1981, 229) with strong reservations.

5.2.2 THE INSPECTORATE.

The H.M.I.'s who in Curriculum 11-12 had accoding to (Kogan 1984,
129) argued the case for a common curriculum with not too many
options as they ".. may prevent the right of access of pupils to
certain kinds of knowledge", in 1980 issued ‘A view of the
Curriculum 1980°. Whereas the former document was criticised as
it did not appreciate the practical aspects of the whole
curriculum innovation: (Holt 1980, 49-50), Kogan thought the

latter document perfectly sensible.

Other writers such as (Salter and Tapper, » 231-2), (Broadfoot
1983, 254-258), and (Becher et al 1981, 149) described the H.M.I.
publications as a continuity of theme leading to a situation in
which a dominant D.E.S. could specify curricular policy.
However, (Kogan 1978, 139) thought the "D.E.S./H.M.I. would be

reluctant to take centralization too far", a view repeated:
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(Kogan 1984, 124) when he wrote ".,... fears of a strong
prescription are exaggerated." The latter view was obviously
shared by the Schools Council as in the introduction to Working
Paper 70 'The Practical Curriuculum’, they noted the Government
“... did not intend to alter the statuatory relationship between

the various partners."”

5.2.3 CRITICISM OF THE D.E.S.
Although the D.E.S. was successful in damaging the credibility of
the Schools Council, L.E.A.’s and Teachers it was itself open to

criticism because of delays in policy implementation etc.

i) (Holt 1980, 7) noted that while the D.E.3., criticised
the Schools Council, the D.E.S. was substantially represented on
the Schools Council committees.

ii) The Plowden recommendations were not made obligatory
until after a 13 year delay when the 1980 Education Act was
passed: (Becher et al 1981, 41).

iii) (Cantor and Roberts 1979, 13) commented on the 4 year
delay after the report from the 1969 Haslegreave Committee before
setting up the Technician Examinations Council (T.E.C.) and the
Business Examinations Council (B.E.C.).

Similar comment was made by (Moor et al 1983, Chap.1l).

iv) (Weaver 1979, 84) gave a list of D.E.S. ad hoc working
parties which showed that since 1970 their findings were often
‘never implemented.

v) The M.S5.C. 1in 1977 were able to seize an initiative in
1977 with the publication of the Holland report which led to the

Youth Opportunities Programme (Y.0.P.); (Salter and Tapper 1981,
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204) described the D.E.S. as needing protection from further
encroachments and a strong platform for lauching co-operative
ventures. A previous co-operative venture led to a pilot Unified
Vocational Preparation Course in 1976 which flopped due to
employers apathy and reluctance to accept costings.

vi) (Cantor and Roberts 1979, 179) criticised the D.E.S. for
allowing F.E. to drift before taking account of an internal
review: (Hammersley and Hargreaves 1983, 45-46) and setting up
the Further Education Unit in 1977. Although it must be noted
that in F.E. the H.M.I. always had a more prescriptive role than

in schools: (Pile 1979, 138) and (Kogan 1984, 128).

5.2.4 THE D.T.I. CHALLENGE TO THE D.E.S.

The changing status of D.T.I. relative to D.E.S. can be traced
from the 1964 Industrial training Act which led to the formation
of Industrial Training Boards (I.T.B.s) for approximately half of
the U.K. workforce. Subsequently following a Government review
in 1972 a consultative document ‘'Training for the Future’ was
released which led to the 1973 Employment and Training Act. This
legislation simplified the requirements of the earlier 1964 Act
with respect to the levey system and the responsibility for
administration costs. The 1972 legislation also resulted in the
setting up of the M.S$.C. 1in 1974 to oversee the Employment
Services Agency (E.S.A.) and the Training Services Agency
(T.S.A.). In the opinion of (Lewis 1582) since 1974 the
Government’'s intervention 1led to changes in employment and
training patterns and to programmes designed to smooth the

transition from school to work.
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One such programme was the Work Experience Programme (W.E.E.P.)
introduced in 1976, this was to include a basic element in Life
and Social Skills with either Literacy and/or Numeracy over a six
month period. According to (Fiddy 1982, 20) the “weighty
implication in W.E.E.P. 1is that there is a fault with the
unemployed school leaver if he needs extra schooling to make him

employable."

In 1977 the Holland report published ‘Young People at Work’' and
in 1978 the Y.0.P. scheme appeared through a merger of the
W.E.E.P. and Job Creation Programmes. The scheme was aimed at
the unemployed under 19 years of age and cocentrated on the less
well-qualified. A similar scheme was the Training Opportunities
Scheme (T.0.P.S.) which afforded 1 year full-time training or re-
training in Skill Centres, F.E., etc., for those who were
employed or wished to change their employment. (Raffe 1981)
thought the objectives of the schemes were in a large part
educational writing "... the programme aims to enhance the skills
and personality of employed young people and to compensate them
for any deficiency in their education..". (Salter and Tapper
1981, 18) noted that many of the skills were "... perhaps of a
more social than educational nature”, and that the end result of
the schemes was to close the gap in educational attainment of

school leavers.

Further criticism of student achievement at age 16 was made in a
1978 report ‘'One Year Pre-employment Courses for Students age

16;'; this report also criticised the tangle of F.E. provision
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offered to such students.

5.2.5 A BASIS FOR CHOICE.

The F.E.U. was set up in 1977 and in 1979 ‘A Basis for Choice’
(A.B.C.) was published. This continues to be an authoritive
document on pre-employment and vocational courses which was cited
approvingly by several organisations concerned with education:
(Avis 1983,23). Avis described the A.B.C. curriculum framework
for part-time 1 year education of pre-employment groups as being
"aimed both to rationalise provision and to gain national
currency for the qualification acquired from such courses." The
criticisms offered by Avis were answered by (Mansell 1983, 34)
who suggested that Vocational Preparation 1981, was nearer to
what would be published now, this placed A.B.C. within the
context of vocational preparation. Mansell wished ¢to avoid
student resistance by making a course relevant and he required
profiling to emphasise success rather than the failure of

alternative examinations.

Attention to pre-16 curriculum issues and the traditional
separation of education and training was made in ‘Foundation for
Working Life, Education and Training 16-19°’ (Venn Report) issued
1980 by the Standing Council of Regional Advisory Courses. The
Venn Report hoped that A.B.C. would rationalise the plethora of
courses. Another report issued at the same time by the Secretary
of State: ‘Examinations 16-18' suggested the replacement of

C.E.E. with a further education validated course as in A.B.C.
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5.2.6 NATIONAL POLICIES

5.2.6.1 Thus the demands for vocational directions within the
curriculum were increasingly made an in an economy where
unemployment was rising, further policy ststements were soon
forthcoming: On the 15th December 1981 two documents were

published simultaneously.

i) National Training Initative: Programme for Action - a
White Paper from the Secretary of State for Employment, this
followed a consultation paper 1981.

ii) National Training Initiative: Agenda for Action -~ by
M.S.C.

These documents were described by (Vincent 1983, 64) as an
antithesis in spirit. The proposals of the White Paper were seen
as another raising of the school leaving age (R.0.S.L.A.) and
included some contentious financial implications for students and
parents as well as a suggestion to develop an Open Tech,

programme.

5.2.6.2 Following a report of M.S5.C. in 1982: Institute of
Manpower Studies Report 39 Foundation Teaching Issues there

appeared to be three alternative strategies:

i) Pluralist, to allow a variety of approaches allowing
the best to become obvious to the majority.
ii) Concerted incremented change of M.S.C. and I.M.S.

proposals.



iii) Major Blue-Print, of which it could be asked ‘is N.T.I.

that Blueprint?

5.2.7 RECENT CHANGES.
After 1982 there was continued rationalisation of educational and
training provision:

i) In 1982-3 seventeen of the twenty-four I.T.B.s were
wound up on the basis that M.S.C. would be less bureaucratic and
more cost efficient. Thsi also reflects a criticism of British
Industry for 1its failure to modernise its training: (Maclure
1982, 109).

ii) In 1983 the various components of Y.0.P. and U.V.P. were
merged into Y.T.S. and as a full-time counterpart to Y.T.S. a 17+
provision was formed: Certificate of Prevocational Education
(C.P.V.E.). The C.P.V.E. was to replace the C & G Foundation
Course, the R.S.A. Vocational Preparation Course etc., by
providing a one year course of unified and specialised vocational
preparation for students of modest 16+ exam achievements:
(Edwards 1983, 67). This theme of rationalisation and provision
of certification was in line with general changes in the schools
sector and was encouraged to lead to the same syllabus for the
common core: (F.E.U. 1982, 68), being course based rather than
subject based, student centred and not formed. The changes were
also in 1line with ‘'17+ a New Qualification’ produced by the
Government in 1982 following the (Keohane Report 1979). Later in
1984 the F.E.U. considered th A.B.C. core for its use in a 17+
scheme. Both the A.B.C. and C.P.V.E. require recording and

profiling rather than formal examinations alone and in the F.E.
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sector B.T.E.C. had introduced profiling.

5.3 RATIONALISATION OF EXAMINATIONS.

5.3.1 THE 16+ EXAMINATION ‘DEBATE’.

The Schools Council first proposed a 16+ in its 197la publication
making further mention in Bulletin No. 23, proposals for which
(Holt 1980, 141) thought they should have got wider support.
Another proposal made by the Schools Council that "... national
criteria be established for syllabuses and assessment was
endorsed by the Governments Waddell Committee in 1978.
Consequently the Government issued a directorate to the G.C.E.
and C.S.E. Baords Joint Council and the process of establishing a
common 16+ was set in motion. Also in 1982 'Examinations at 16+:
A Statement of Policy’ was published, in which Ministerial

approval of the national criteria was stressed.

Speaking in an address to A.S.E. in 1983, Sir James Hamilton,
Permanent Secretary at D.E.S. said "..,. I am wholly prepared to
use reforms of the examination system to bring about much needed
changes in national attitudes towards curriculum." Two reasons

were given for the 16+ review.

i) to rationalise the administrative procedures of the
G.C.E. and C.S.E. examinations.

ii) To put some sense into a framework for curriculum and
syllabus which had become increasingly convoluted and in many
cases out of touch with the needs of the child, the parent, and

the employer.

Note the second point had a vocational significance and it was
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not explicit about a common core whereas the 1977 Green paper

referred to a ‘core’ or ’'protected part’.

The procedure adopted for the 16+ debate was that groups of
G.C.E. and C.S.E. Boards would prepare their own syllabuses to
agreed guidelines. The drafts after consideration by schools
would return to the original working party; parallel
consideration was also made by the Schools Council and H.M.I.s
(Kelly 1982, 195) criticised this process as it limited teachers
influence and (Phillips 1982) suggested that the working parties
did not consult widely perhaps due to constraining time demands.
Phillips criticised the assessment style and the way in which
working parties were formed writing, ‘“"experience or connection
with examining boards seemed to be the only criteria for it’'s
membership." This is not surprising as according to (Beck 1983,
226) the University dominated boards had successfully resisted
the industrial lobby during the Great Debate and shown their
resilience in the new phase. {Whitty 1983, 176-180) described
how the G.C.E. Boards regained influence ceeded to the teaching
profession during the 1960°'s. Whitty further described the
Boards competing for favour by being seen to uphold standards
through "the extension of increasingly dominant technical modes
of control from the capatilist labour process into schools",
especially tighter statistical control over Mode 3. Similar

comments were made by (Bowe = and Whitty 1981, Chap.ll).

5.3.2 THE 16+ PROVISION.
Following the consultative process Sir Keith Joseph made a speech

on 6th January 1984 which contained the following points:
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i) The 16+ examinations would become criteria referenced.
ii) The School Curriculum should have breadth, relevance,
differentation and balance.
iii) The minimum level of attainment in Science should
include: observation, appropriate measurement, sensible
prediction, a practical approach to problens, acting on
instructions, following safety precautions, and effective

communications.

5.3.3 G.C.E. ‘A’ LEVEL.

Although not as prescriptive at ‘A’ level as at 16+, the
Secretary of State for Education did establish in 1980 the
conditions of clarification and rationalisation of syllabuses for
‘A’ level G.C.E. (Adkins 1984) indicated that in the case of
Physics these conditions will be adopted from 1985.

5.4 CONCLUSION

In consequence of the organisational changes described in this
section the framework of examination provision changed;
(Fairbrother 1984) 1in an account "with some speculation"”
attempted to identify a pattern in examination provision and he

submitted:

i) An academic route,

G.C.S.E. grades 1,2,3 —— A.S levels —A levels



ii) An alternative route to Adult working life,

T.V.E.l< /C.G.L.l. B.T.E.C. Courses etc

An (A.S.E. Subcommittee 1985) identified a similar pattern in

C.P.V.E.

which 1ii) was subdivided into ‘Prevocational’ and ‘Vocational’.
Also it should be noted that the T.V.E.I. scheme will extend to

include G.C.E. ‘A’ levels.

At present the view of the B.I.M. 1is that youngsters opt for
Y. T.S. and a guaranteed minimum wage rather than continue a
formal education, but there is a body of opinion which seeks a
party of esteem between the C.P.V.E. and the Y.T.S. with a 21
hour provision for C.P.V.E. Any legislation to give parity will
affect the range of courses being taken up by youngsters, this
would be significant within the scope of this thesis as some
C.P.V.E. schemes could include provision for the inclusion of

Electronics.
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SECTION 6. ELECTRONICS IN THE SYLLABUS

An outline is given of the factors affecting the curriculum, and
the interrelationship between the curriculum and assessment.
Reasons 1in favour of Electronics appearing in the Curriculum in

some form are then discussed.

The changing form and content of Electronics syllabuses at 16+,

17+, and 18+ are described with reference to Section 6. In view
of restrcitions of time and space the emphasis is placed on the
A.E.B. and B.T.E.C. (previously O0.N.C.,T.E.C.) examinations. The
modular form of B.T.E.C. and the assessment techniques are
described insofar as they are pertinent to proposals being made
in T.V.E.I. schemes etc., Section 7. Features contributing to

the growth and acceptability of these syllabuses are identified.
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"The simplest schoolboy is now familiar with truths for which
Archimedes would have sacrificed his life."

Ernest Renan in Souvenirs d‘enfance et de Jeunesse (1883)

6.1 THE FORM OF THE CURRICULUM

6.1.1 Writing of the content and form of education in terms of
social heirarchy (Lukacs 1923) stated "knowledge is a product of
interaction of nan, reality and interest."” Similarly
sociologists in the modern tradition: VYoung, Esland, Keddie
proposed that all knowledge was socially constructed; their
reflexive perspective was that education was negotiable being
essentially and necessarily political. "Thus rationality itself
becomes merely a convention, and the rules of logic and argument
are shaped and selected in accordance with the purpose of the
argument or the intentions of the arguer": (Mills 1939) expressed
the same view more briefly: the "rules of the game change, with a

change of interest!”

6.1.2 The perspective of philosophies was described by Phenix
and Hirst. (Phenix 1964) described knowledge as being organised
into realms of meaning which were non negotiable. He identified
nine generics which students were required to understand and
employ, and he formed these generics into six realms: symbolics,

enmpirics, aesthetics, ethics, synoptics, and synoitics.

Phenix considered that within the curriculum disciplines were
rarely assignable to a single mode of thought or realm of

meaning. (Eggleston 1977, 59) considered the concept of Phenix
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as that "of a real objective world which we can discover, clarify

and make meaningful."

6.1.3 (Hirst 1965) identified forms on knowledge, and of
understanding; his work showed that the case for a balanced
curriculum was implicit so that children were introduced to
various ways of knowing. The forms given by Hirst were:
Mathematics and formal logic; Physical Science; Human Science
(including History); Moral understanding; Religious form;
Philosophy; and Aesthetics. Eggleston considered the work of
Hirst as "one of the most coherent and highly developed theories

of curriculum."”

Writers such as (Eggleston 1977, 59) observed that Hirst’'s view
may be too narrow, not allowing room for sub-groups and different
abilities. Such a view is not consistent however, with Hirst’s
statement: ‘“"decisions about the context of courses can not be
taken without special regard to the abilities and interests of
students for which they are designed.” Indeed. Eggleston himself
included quotes (p.59), from Hirst vis "Mind is an instrument
allowing individual to understand the fundamental nature of
knowledge." and (p.58) writing of the use of the objectives
approach ‘"unique, no one formula being suitable for all
achievements", "each individual result can not be pre-sepcified."”
Thus it would seem that Hirst’'s view would allow the view
proposed by the sociologist (Holt J, 1976) that "children learn

what they want to know!"

6.1.4 The relationship between the views of sociologists and
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philosophers was placed in a somewaht polar form by (Taylor 1971,

161): Diagram 6.1

Taylor suggested that the matrix defined a ‘total intended
curriculum’ writing "at no one moment is the pupil experiencing
more than part of it though through his educational career he may

experience much of it."

The form of the curriculum offered by Taylor was an early
represntation of the Social interacting school as advocated by
(Musgrove 1968), (Eggleston 1977) et al. {Driver and Worsley

1979) used a similar polar form: Diagram 6.2.

6.1.5 (Eggleston 1977, 72) later suggested that the earlier
polar curriculum theories were open to criticism and he offered a

restructured perspective: Diagram 6.3.

6.1.6 Thus the socialogical-philosophical debate evolved into
a debate about whole curriculum planning, a system approach
rather than a subject approach such as those of the Schools
Council and Nuffield. According to (Holt 1980, 176) “Instead of
viewing the curriculum as the sum of subject combinations ‘whole

curriculum change’ takes an organic holistic view.." (Holt
1980,85) suggested that a "common curriculum, unifying key

curriculum experiences for all pupils is now acquiring normative
states”, Insofar as (Macdonald and Ross 1975) defined normative
planning to be about deciding what ought to be achieved according
to the prevailing wvalue system, then Holt’'s use of the term

normative in his comments on the common curriculum implies a
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dynamic situation. Thus the various proposals for sciences as a
core component of general education may be seen as attempts to
keep pace with and to identify with the emerging views of whole

curriculum planning.

(Kogan 1980, 130) wrote "But ultimately the curriculum is going
to be a compromise between such traditional concepts as the
accumulation of knowledge and cognitive skills, an ability to
adapt to the needs of Society and work, the need for individual
development, and the need to make sure that we are all part of a

Society that becomes productive and well balanced again.”

The point of compromise will itself change and Kelly warned
against searching for "some once-for-all, God-given criteria”.
Indeed Eggleston considered that with improved storage and rate
of change there would be a shift of emphasis of the 1individual
from knowledge storage to a 'knowledge developer’, others see the

changes as requiring ‘humanity‘ in each syllabus.

6.1.7 Writers such as (Taba 1962), (Kerr 1968) included
evaluation in their models of curriculum planning whereas (Taylor
1971) did not. Recently (West 1983, 409) placed teaching and
assessment in juxta portions:
Teaching/ Aims - Objectives - Content - Pedgogy - Evaluation
Learning - Assessnment

assessment

Assessment/ Aims - - Content - Technique - Assessment
examining objectives
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Such a representation 1is suggestive of an Action-Reaction
mechanism in Sciences eq. Inductive and mnotor effects. The
latter are 1illustrated by Fleming’s Right hand and Left hand
Rules, these rules include mutually perpendicular axes such as

those proposed by Taylor.

Thus Taylor’s model could be complemented with a holistic mirror
image of evaluation/assessment. As such traditional examinations
are seen to be polar and the further development of assessment
procedures complementary to the position of the curriculum core
can be anticipated. (Cadd 1981) suggested a holistic appraoch to
evaluation in which interviews were used to determine a behaviour
pattern. Also (Kelly 1971) called for a standard profile in

recognition of the complex behavioural systemn.

If the Action-Reaction analogy is continued then it can be
anticipated that the teaching/Learning - Assessment/Examining/
Evaluation relationships will involve a time lag:

Consequently an instantaneous relationship between the total
curriculum and an equally holistic view of assessment etc., may
observe a relationship which is seen to be simple in the long

tern.

6.1.8 It is against this complex shifting system that the
contribution of Electronics within the syllabus needs to be
evaluated. The subject must contribute to the present view of
the curriculum if it is to be acceptable and also the subject

must allow assessment by techniques currently acceptable.



6.2 WHY ELECTRONICE SHOULD BE IN THE CURRICULUM,
Reasons in favour of electronics appearing in the curriculum are

Jiven by M.E.P. in their information tiles, see appendix.

£.2.1 The first reason has a long-term sociological
significance as by creating a public awarceness of e2lectronics,
the future relationship between the public and scientists may he
shaped. Electronics offers an opportunity to teach concepts and
skills using up-to-date materials in such a way that the dgeneral
public gains an awareness ot technological-social-political
issues; both in terms of present-orientated knowledge e.dq.
microprocessors; future-orientated knowledge e.g, rate of change
and new to acquire new skills: (Meighan and EBrown 1280, 1472)
The experiences given to students will form a basis for a more
informed decision forming process in later life. (Maskill and
Wallis 1982) suggested that "If effective problem-solving

activities are to be taught in schoeols , the most sensible place

o
[s]

begin would seem to be in problem-solving activitiezs familiar
to the pupils, rather than in the science lesson". However., many
uses of electronics wvis: door bells, automatic door opening,

simple alarms, etc., are a part of everyday life and accordingly

D

lectronics offers a uzable basis for introducing problem-

1

zolving. The link between practical worlk. project work and
gveryday applications ot electronics enables the curriculum to
include experience from outside school gonsictent with the views
expressed in Schools Council Working Paper 70, and in a current

discuszsion paper by D.E.5. on Homework,
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[t would seem possible bthat such links may he developed thus
adding to public awareness and  continuing  education outzide
school. (Whitfietld 1979 retferred to Lhe iunportance of the family

as an educational v

]

source,  poerhaps proieccts wn electronics are
more likely to draw on family regsources ingofar 2z was note

above, electronics have several everyday applications.

Arising from the tentative link fto the public through schools

there 1is the further point that 1if there iz intereszst within the

]

family, then as electronics will allow humanitarian and =zaocial
aspects to he developed at an early =stage, 1t may be possible to
encourage girlz to participate in the subject. This swould he

zignitficant in enabling "all citizens” to contribute usefully to

Wl

a society which consktantly needs to adjust teo ocialogical and
political consequences of change. (C.Dunn 1984) reported that ac
a practising teacher, 1in her cxperience girls Like the systens

approach and working with models. & further aspect of the family

link is Lhat the Llink touches on the concept of de-

schooling: (Tillich) which 1if devioped would require that the

.». tools and components..." were "... within rcach of all...".
This significance should be considered in  futuge syllabusz

developmnents.

.2 The szecond M.E.P. reason iz very broad, perhaps a key-
word 1is motivation. 1In discussing ‘Readability’ (Johnson L979)
wrote " A young clectronics enthusiast may read and persevere
with a complex electronics magazine hut quickly abandon the
simplest history text-hook. This internal motivation 1is very

powerful, bhub not easily wodified by a teacher ". Such motivation
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iz gencrally noted by clectronics teachers and b provides a
petential stimuluszs to both btoys and girls to continue their study
tc a wmore advanced level. 1t 15 thiz wmotiwvation whic anables
students to readily accept ideas foreign to an older generation
with contfidence, 1t iz this motivation which 1z observed to
encourage adults in their P E. studics. However it should be
stressed at  this point that there i3 ne 1immediate correlation
between attitude and achievement; (Frazer 1282) observed a poor

correlaticn and suggested that what waz important was that which

enahled the student to grasp the problen.

The practical work in elecltronics can enhance this motivation and
contribute to student enjoyment and zatizsfaction as they gain
understanding of the relationchip between practice and theory:
(Davies and Penton 1976); note that in  the context of this study,
practice is placed before theory as csuggested by (Weolnough-
1982y, The enjoyment 1is tacilitated by the uze o0f modern
equipment and components, which allow - work o be done
quickly with versatility and reliability. 2As (Palacio 1984) noted

reproduceable observations are a necessary requirecment of
science ", also " There is a "honus’ for pupils if they are
ancouraged to use their cobzervations to, for example, identify
patternz and/or wmake predictions asz oppesed to simply make
observations chtaingd from precision practical skills. [t s
through using .observationz in thizs way that conceptual
development can take place which in turn may lead to a  general
inmprovement of tho observations the pupilz make . Thisz view 13

]
consistent with (Bruner LlYe6) who pointed cut that the process of
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dizcovery can lead to an appreciation and understanding of  the

nature and art of inquiry.

6.2.2. Smith 1978) obszerved that " wmozl achoel zcience courses
give children Llittle training in the information-processing
aspects of scientific works...". Electronics readily provides
such ‘training’, ag experimental data can be compared with
published walues and the students are increasingly encouraged to
uze published infeormation from a wide variecty of zources as  the
more tormal practical work lecads into project work. Studentz can

be introduced te the uszse of catalogues cte. to gain a  bkasic

~+

appreciation of coztz and then to cost out their own  project.
Project work i3 perhaps the strength of electronics az 1t extends

the practical and theoery worlk allowing

the development of ckillz
in cpecification, planning and problem zolving in  context. The
paper work 13 not tied by subject boundafies az in many cother
subjectz and the project work oftfers zuch a wide range of
"spontancous’  problem that electronics iz not open to critisizm
such as that given by A.Z.E., 19272 "...many of the HNuffield
courses have szspawned contrivances to produce the right answer
nearly every time ". Other than offering students the opportunity
to ‘see if it will work as intended, the project allows the
student  to  explore and find ocut’ what else it will do. gquite

ctten not only inside the labhoratory, but also outside of the

That skills are developed as a realistic context 13 important.

(Hoolnough 1282, £1)Y criticised Lhe ‘artificial game’ of
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experiments ags leading to the destructicn of pupil enthusiasm.
t8mith 1973, 147 obscrved it 1z highly likely that some sort of
direct participation in realizbtic scientific work might give a

]

more meaningtul wmpression of ‘acientific method’ than much  of
the parleour waglic which still paszses currency as experiment...” .

further Lhe choice »f realistic practicals may encourage children

(s

follow science 1f "...they can percieve z2cientific dizeiplines
I i

]

as appropriate activities for normal adults ", The inclusion of

[}

data references other than those from conventional text-boolts can
relate the work of students o a wmore adult  level and adds

purpose to the informaticn-processing refcered to above.

Thus the student motivation can be increased by relating their
individual weork to a range of dizsciplines, interests and
zituations. Conventional laboratory work affords skills in  the
interpretation of constructionsz both written and wverbal. 'The
project  work builds on motivation and considerably extends those

bagic skills acquired in the ftormal practical worl,

£.2.4 The project work 15 nearer Lo an wndividual learnang
situation than most  situations and 11U can tead to a  better
Feacher-student relationzhip: (Oreen 282y, Uhe teachor can show
an  encouraging ‘warmth’ by using the pupils ideas and giving  an
encouiraging teedback, Thiz =ituaticn can encourage and allow
the student more creative thought and self-realization, which can
be developed at the students own pace. Findings from the A P.U,
certainly suggest that given the opportunity and encouragement
the students can manipulate circuits and at their own pace more

students may be successful. Many students find that at their own
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pace they can 'learn how to learn’, perhaps they do not phrase it
a3z HBruner did. but it iz not unusual during project work for a
studenp to comnment on their emerging 'zelf appreciation’, Such
observations are consistent with the opinion of writers such as
{(Taylor 1982, 82 who suggested that zubijects other than those
normally on Lthe tiwme-table may bhe wore appropriate to the student
and to  the range and scope of learning required. The project
does allow a concentration te he given o the student by the
teacher and the electronics core allows the students to integrate
their own interests, hobbhies, subject strengths., Certainly the
improvement in gstudent academic progresz often rated duvring
peoject work tends to be a broadening educational experience

rather than a narrow specialisation.

€£.2.5 (Armstead 19729) in his cas

v}

in support of project work
noted that project work allowed aszeazsment of factors on student
development otherwise ignored. One unexzpected bonus of projeoct

work 13 the spirit of co-operation which can develop within 2

class: 1f studentz are made aware of rach other’ < activity they
Wwill readily interchange rvelevant refepences and make e
allowance for khe sharing of 2quipment as work proceeds. I

not wusual for such a Life =skill to appear 1n team and  group
activities but not at such a personal level as this in a  science

subiject. Indeed 1in terms of complling a

[}

tudent prefile thas
characteriztic of co-operation may be usefully included:

(See A,8.E, discuzsion of the Aim 2 of ‘A Basis for Choice’,
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6.2.6 (Whitfield 1979, 423) identified ‘teacher traits’ which
he described as critical in _the development of the . teacher-
student relationship,  one being ’‘demand’, noted also by (Lord
1984, 36). The use of Notes for Guidance and Marking Schemes
issued by some . Examination Boards allows students to = be
introduced to practical work in such a way that they ¢try to
achieve a high 1level of  planning, presentation etc. (See
4.3.5.8.) As students progress through the experience of forming
verbal decisions as the work proceeds to the formation of written
decisions in their report, they can be gradually introduced ¢to

related experiences of conceptual clarity. The use of B.S.
symbols, necessary related work, use of language etc., are
introduced in a way that is relevant to both the project and the
written examination. Concepts and detail introduced in this way
can enable the students to have better recall over a wide range

of topics.

6.2.7 Armstead observed three weaknesses associated with

project work:

i) inadequate laboratory facilities.
ii) difficult for students to formulate projects in
Chemistry and Phsyics.

iii) difficult to define and access projects objectively.

The first of these weaknesses continues to be a major problem;
(Green 1982) also referred to the need for resources including

books if students were to work individually. Further comment is
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made in Section 8.

On the second point by contrast with Chemistry and Physics,
Electronics allows a very wide range of projects to be developed
often of intriguing practical applications, often relevant ¢to
everyday applications rather than abstract applications. It is
this wide range which prevents an emphasis on standard routines
"which are unrelated to pupils’ everyday experiences" too often

found in examination orientated subjects: (Scarth 1983).

Armstead himself provided a basis for assessment, which, (See
Appendix), was similar in general form to that adopted by several
Examination Boards. In general the way in which such assessments
are applied allows the student to gain credit for work that was
spoilt by jumping to conclusions, so that an error at a critical

stage does not detract from those skills and concepts shown.

6.2.8 Many involved with project work may suggest that this
activity masks a further weakness: the role the teacher is
expected to play lies outside their experience in many cases.
Students need to be introduced to the scope and form of projects
in a professional manner by the teacher; in Ausubels terms the
teacher 1is an 'organiser’. (Ausubel 1978) considered that
learning was only .meaningful if it was related to relevant
concepts and ideas acquired previously. The importance Ausubel
attached to the related work was shown by his use of the term
‘anchor’ as alternative to ’'subsumer’ to describe it. A similar
requirement was given by (Bruner 1966). Writers such as (Kuble

1983) and (Summers 1983) considered that the view of Ausubel was
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consistent with Piagets concept of stages where each stage was
not simply a biological stage rather an interweaving of several

concepts.

The importance of the underlying concepts was supported by the
work of (Kempaand Nicholls 1983) who showed that although both
'good’ and ‘bad’ students have a. similar awareness and
appreciaﬁion of strategies it is those students who have the
appropriate cognitive structure who were able to implement the
strategies. Where the project would involve a student to a
concept or skill too early the teacher may need to leave an idea
open-ended to avoid a conflict between expectation and reality.
It is insufficient for the teacher to allow the student to merely
correct components and/or systens together and record
observations, such a procedure is not making effective use of
Electronics. The students need to appreciate the whole situation
so that "meaningful observation can take place": (Woolnough 1983,
6l). (Working Paper 70 p.22) made the point that knowledge
without skill has a long sad history, but it is not enough just

to introduce the two without due consideration.

(Wellington 1981) pointed out that there is danger in students
learning within their own context, a view also expressed by
(Summers 1982); the way in which students use language may not be
appropriate to project work and they may require assistance from
the teacher in the interpretation and use of words: (Osbourne et
al 1983). The student may need to be directed without being
given specific assistance. Also the student may need to be shown

that their observations in their context are not valid as other
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considerations were overlooked.

When several students are proceeding simultaneously the teacher
will Dbe faced'with many novel and conflicting situations, which
if not dealt with efficiently, will detract from the value of the
project within the curriculum, On one hand the teacher must
allow students imagination and on the other hand be conscious of
Wellington’s concern that the students may be deceived into
thinking they are at the frontier of Scientific¢ research.

Further aspects of the teachers problem are discussed in Section

8.

6.2.9 The range of activities described so far in this Section
are capable of embracing both a wide range of Hirst’s forum of
knowledge and many sociological, political and economic features.
Not all students will be at the same stage of development
awareness and they will each benefit individually from the ‘'total
intended curriculum‘. As in other subjects, the teacher nmnmust
guide the students as noted earlier and the teacher must be aware
of the danger of trying to satisfy too many undistinguished aims:
(Summers 1982). (Mee 1982) showed that alternative arguments may
be used to justify the inclusion of Electronics into the
curriculum showing in his thesis that Electronics meets the

criteria suggested by (Rgths: I97I),

6.2.10 The remaining M.E.P. reason why Electronics should

appear in the curriculum raises two separate issues:

i) what is the manufacturing and economic future of the
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U.K.?, a feature outside the scope of this thesis!

ii) can the ’'special’ pupils be identified? Reference was
made to the complexity of education and the tentaive changes
being made. (Hilton 1984) proposed that the profiling of skills
may be usefully applied: this technique "can give credit for the
variety of skills included in Science activities", and can be
based on the students own activities. The checklist given by
Hilton has a similar form to the A.E.B. 'O’ 1level Electronics
project marking scheme but the profiling differs as it 1is on-
going summative. Also Hilton includes an oral assessment as
suggested by Armstead, (Schools Examination 1978, 75) etc., and

similar to the F.E.U. style of profiling.

However, whether or not knowledge and skills can be distinguished
is contentious: (Thompson 1984). What is equally contentious is
whether those with particular abilities have a sufficiently broad
range of abilities to be able to continue their studies in higher
education to gain qualifications as Scientists and Technicians,
and whether industry and commerce will otherwise employ them.
There 1s a danger that present broad traditional evaluation
patterns will continue to be used as a basis for entry into
certain courses and employment: As (Blaug 1983) observed
"Screening by educational qualifications is economically
efficient not because ‘good’ students are always ‘good’ workers
but because educational’ credentialism avoids the inherent

conflict of interests between workers and employers".

6.2.11 Conclusion

It would seem that the subject of Electronics could wusefully
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contribute to the present conception of the curriculum especially
if a project is included, regarded as a learning process in its
own right (Mansell 1984, 12),. and .supported with adequate
resources. Also the range of assessment techniques wused with
Electronics can be broader than in many other subjects. Any
contentious debate over the purpose of the curriculum and the
value of assessment techniques such as 'who is the profile for?’',
would apply to any other subject.

Where in the curriculum Electronics should be offered will be

considered in Section 7.

6.3 ELECTRONIC SYLLABUSES AT ‘18+'

The introduction of Electronics into the curriculum will now be
considered with particular reference to B.T.E.C. and A.E.B.
G.C.E. Electronics courses. The origin, context and growth of
the subjects offered by these examination bodies will be traced
in relation to the theories of innovation discussed in Section 4
and in relationship to the changing pattern of education

discussed in Section 5.

A general view was expressed by (Galton and Eggleston 1979):
"Each subject curriculum had its own philosophy embedded in a
statement of aims, they had in common the intention of moving
away from the traditional view of Science as taught in schools as

a set of received facts and principles.”

Both G.C.E., B.T.E.C. and other bodies are seen to move from a

traditional stance to present new ideas and explore new ideas



rather as suggested by Egglestone (6.1.6).

6.3.1 Ordinary National Certificate (0.N.C.) - Technicians
Examinations Council (T.E.C.) - Business and Technicians

Examninations Council (B.T.E.C.)

6.3.1.1 The O0.N.C. in Sciences Scheme 1965-66 replaced the S1 -
S4 Applied Sciences examinations. Students were required to
study three Basic subjects and one Elective subject for a minimum
of 120 hours with English and General Studies as Additional
Subjects. Various criteria were specified for the award of a

certificate.

The General Notes for Guidance advocated integration of subject
teaching in breadth to provide a broad foundation; practical work
would take one-third of the total time available at basic level
and two-thirds at elective level. The syllabus used could eifther
be that nationally established or that approved on behalf of a
centre; examinations could either be externally set and marked
through a Regional Council or internally set and marked with

external moderation.

Teachers were given no assistance in analysis of the syllabus and
only those staff on moderator panels could reasonably gain access
to marking schemes to determine the relative importance of
topics. Thus the teacher approach tended to be that identified
by (Scarth 1980): "a tendency to emphasise standard routines and

concepts which are unrelated to pupil’s everyday experiences."”

In addition to the introduction of the liberalising influence of
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English and General Studies the syllabuses made other
innovations: In physics the transistor and solid-state diode
were introduced and the Elective syllabus broadly covered several

areas of Applied Science.

In 1975 a revised syllabus was issued. This required that in
Basic Physics the examination paper included "Section A
consisting of compulsory objective type questions requiring short
answers on which candidates will be advised to spend about one
hour, and Section B consisting of seven traditional type
questions, from which candidates will be required to answer
four." Also time allocations were suggested for the teaching of
Sections of the syllabus; supposedly this feature related to the

emphasis of the examination questions,

The content on semi-conduction was extended at Basic 1level to
include the transistor and the photo-conductor. The Elective
syllabus was extensively revised losing much of its Applied
Science character, this . syllabus now included more detail on
transistor amplifiers, transistor oscillators and switch, and

zener. (See Appendix)

These gradual changes in content conform to the process
identified by (Miles 1964, 638) "familiar processes near the

present pattern were likely accepted.”

As noted in 5.1.6, T.E.C. was introduced to replace Regional
Boards and the T.E.C. examinations commenced 1980. The T.E.C.
syllabuses were highly structured using Bloom’s terminology, the

assessment being based on specific objectives. Unit lengths were
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sixty hours and to gain a certificate a student was required to
gain credits in fifteen units either by exemption or examination
involving Level II and Level III units which loosely corresponded
to the previous Basic and Elective levels. Centres could design
both their own Units and Programmes to suit local needs rather
than wuse the models offered by T.E.C,; writers such as (Russell
and Latcham 1979) of the F.E. 8Staff College gave advice on the

writing of Units etc,

Internal assessment was continuous with an visiting external
moderator. Those students who met the admission reguirements
were expected to "be successful in their studies” if they studied
"reasonably hard and well.", the purpose being to reduce student

wastage.

(Halliday 198l1) later dquestioned the vagueness of the T.E.C.
Notes for Guidance on this point suggesting a lack of clarity as
many teachers gave the interpretation that ’‘all students get an

award!’

General aims of the T.E.C. programme were given also specific
aims for Units, these were intended to "reflect the analysis of
the function and future development of the technician.® The
formulation of learning objectives in their structured form was

designed to:

i) facilitate the assessment,
ii) minimise ambiguities and difficulties of interpretation.
iii) assist in selecting teaching/learning strategies.
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iv) provide a framework for the guidance of students,

teachers and others.

Thus the ‘hidden-curriculum’ was to be avoided - if the staff and
students had the opportunity to read and appreciate the

regulations!

(Roberts 1976, 21) noted that (Stenhouse 1975) had considered the
use of objectives as being more appropriate to training. Many
would consider technician ‘education’ to be ‘training’ so the use
of objectives may be acceptable. However, (Pope 1983, 29) noted
the creational curriculum of T.E.C. and suggested that planning
by objectives does not allow a mix of assessment styles involving
illumination etc. (MacRory et al, 1977) advised that the use of
objectives may not improve practise, a point touched on by
(Williams and Panton 1977) who criticised staff and institutions

for not getting further involved.

The introduction of a 60 hr unit allowed a wider range of units
to be offered. An innovation was the introduction of a Unit in
Safety and Laboratory Practise Level I. Compared with the 0.N.C.
syllabus additional topics were Op-Amps., Logic, F.E.T. devices
otherwise the objectives given in the T.E.C. Electronics Units
were generally consistent with the content of Elective Physics

examination questions.

6.3.1.2 However, despite the intentions of the T.E.C. scheme in
general, many criticisms were made. (Wilson 1983, 30) wrote
"T.E.C. has avoided the issue of the relationship between what is

taught and how it is learned, and has failed to give guidance on
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how its courses should be tauight." This is a criticism similar
to that made by (Russell 1975) of the Schools Council and
Nuffield projects. Wilson further suggested, p.31, that T.E.C.
and its associated body B.E.C. attached even less importance to
the effects of classroom changes due to innovation than those
other bodies had, making no attempt to help the teacher by the
production of teaching aids. Similar criticism was made by
(MacRory et al, 1977, 5-6) and (Roberts 1976, 21-22). (Halliday

1981) observed that in the assessment the teacher was being
required to judge both the measuring instrument ie. the
examination style etc., and the student performance, he doubted
the wviability of the assessment procedures to relate to the

objectives considered to be being assessed. Halliday asked that:

i) Aims were selected so that direction was given to the
curriculum,
ii) More guidance was given on how to promote the aims.

Further criticism of T.E.C. policy was made by (F.E.V. 1981) who

identified three main issues:

i) Isolation of curriculum issues from those of organisation
and resources.
ii) methods of dissemination.

iii) need to trial test and evaluate.

Similar points were made by (Roberts 1976) and (MacRory et al,

1977).
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5.3.1.3 The F.E.V. report considered the six modes of

interaction identified by Eraut:

i) Printed materials: syllabuses, circulars, guidelines,
books, exam papers and reports, non-personal letters, journals
etc.

ii) Information/advice: (via correspondance or telephone)
from the secretary, adviser, moderator, examiner, representative,
officer or any other members of staff in an organisation.

iii) Conferences or gathering where speakers and audience are
clearly defined and where matters discussed are general ones as
opposed to;

iv) Courses where those who attend are more likely to make a
contribution or to find at least part of the work more tailored
to individual interests and needs.

v) Face to face contacts: discussions, interviews etc. with
staff such as those mentioned in ii) above.

vi) Working Parties or Workshops: discussions groups,

simulation exercise or meetings to plan, draft etc.

In general these models were not entirely successful either
giving only bare facts in jargon or being limited by expense,
holidays, L.E.A. policy etc. There was general approval of the

contact with the moderator.

6.3.1.4 T.E.C. themselves did send officers to other
disseminating agencies eg. Coombe Lodge, Colleges of Technical
Education and stressed the need for an intermediate body.

However, major weaknesses were apparent:



i) Guidance Notes were issued with "motivated practising
teacher in mind."

i) With respect to (Gronlund, N.E. 1970), (Bloom et al,
1956), (Mayer 1962) it was thought resourceful of staff "... able

to pick things up and make something of them."

(Wilson 1983, 33) suggested T.E.C./B.E.C. relied on power-
coercion. The F.E.V. survey indicates staff resented being told

what to do rather than being "positively involved in decisions."”

The report identified "the chronic problem of updating subject
matter and skills, often linked with the need to acquire new
skills and knowledge in planning, designing, implementing and
evaluating curricular along the lines required by the validatory
bodies."” A 1985 H.M.I. report made similar comments: (Lodge

1985).

6.3.1.5 After T.E.C. and B.E.C. merged in October 1983 to form

B.T.E.C. a set of tactics were identified:

1. Consideration of the professional and pedagogic background of
the message receiver,

2. Designing different messages for different groupings of
staff.

3. Providing illustrative examples of new concepts and

practises.

4, Identifying sources of complementary explanation.

5. Publicising examples of good practise.

6. Assuming the availability of other agencies who could aid
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message interpretation and, where possible, working with them.

7. Providing a ’‘message dquerying’ service for message receivers.
8. Providing a glossary of terms for each new curriculum venture
- especially where new concepts are being introduced using terms

which already have an established meaning.

Unfortunately resources would not allow the implementation of
these policies even though they would have made the total
exercise more cost effective, (House 1974, 9) wrote of innovative
failures “Financial and interpersonal costs are so high that
sponsors usually resort to impersonal communication modes like
the dissemination of materials." Certainly the T.E.C. programme
seems to support this view. (Stenhouse 1975) stated "Education is
not in practise very sophisticated or efficient." The theory may

be sophisticated but the practise is not!

Nevertheless whatever criticism could be made of efficiency etc.,
in terms of electronics, as (Dean 1981, 12) commented B.E.C. and
T.E.C. gave an impetus "just when it was needed." A study of the
developments of T.E.C. Electronic units from 1976 to 1981 show

how syllabus content changed radically.

6.3.1.6 Since the standard units appeared in 1976 several
changes in content and form have taken place. At Monkwearmouth
C.F.E. the T.E.C. Science programme was introduced and
Electronics and Material Science units were included. The Level
IT Electronics was derived from Electronics II U76/029 1in the -
Engineering programme by omitting Thermionics and moving towards

so0lid state devices. The Level III Electronics was the standard
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unit U76/009, (See Appendix). The decisions were taken so that
the wunits offered could be related to the resources either
already available or being developed for both ‘A’ level Physics
and 'A’ level Electronics Endorsement. The decision was in line
with the H.N.C. Physics Technician Programme March 1979, T.E.C.
code 09-016-T, published later.

In 1981 standard units U81/848 Electronics System II and U81/849
Electronics System III were included in the Science Programme.

At Level II several changes were made:

i) All work on semi-conductor physics, p-u junctions, use of
diodes in rectification was omitted.
ii) The treatment of transistor characteristics and small
signal amplifier was considerably simplified.
iii) Waveform generator was omitted.

iv) Transducers and Display were added.

The changes of Level III were:

) Amplifiers, feedback and R-C networks were omitted.
vi) Bistables, Registers, RAM, ROM, etc., were added.
vii) More details on the Op.Amp. were added.

viii) An Assignment was added.

The effects of these changes were to move from thermionic and/or
transistor devices to integrated circuit devices and towards
interfacing. At Level II the number of specific objectives
changed from 97 to 37, at Level III the number of specific

objectives changed from 59 to 51. The policy of reduction in the
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number of specific objectives is currently being considered by a
working party; the present policy seems to require more cross
referencing of specific objectives to other activities as a
"knowledge-developer": (6.1.6). In this context the inclusion of
an assignment and T.E.C. encouragement to do so at Validation
gives the opportunity. of cross-referencing. Also the assignment
offers the opportunity of extending the assessment outside of the
Cognitive domain to the Affective domain in terms of "enthusiasm,
diligence, ability to work successfully with other people."
T.E.C. Assignments and Assessment 83/3 E.C. March 1983, These

features are discussed in 6.2.5.

6.3.1.7 The Electronics and Telecommunications Programme A2
includes Electronics II U81/743 which is similar to Unit U76/009,
and Electrical and Electronic Principles II UBl/747. The latter
is 1% units and differs considerably from U76.029 giving a much
broader basis in ‘physics’ concepts. The A2 programme by
contrast with the Science programme includes three half units on
Digital techniques so that in either programme a similar course
content will be followed. An added feature of the A2 programme
is Microelectronics emphasising the shift towards integrated

circuits and interfacing to microprocessors.

6.3.1.8 A Technicians Studies course designed by B.T.E.C. was
successfully piloted within Y.0.P. provision in nearly fifty
centres during 1982 and 1983. Subsequently the scheme revised to
meet Y.T.S. requirements and the scheme is now being offered
within T.V.E.I. Schemes, it could also be used on C.P.V.E.

Schemes. Further reference is made in Section 7 to both the
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Technicians course and to the Microelectronics Programme
designed by (Neale and Wilson 1984) and released by F.E.U. in

response to the Alvey Committee recommendations.

Both of these recent B.T.E.C. initiatives show clear signs of

central directions in response to D.T.I., and D.E.S. policies.

At present B.T.E.C. proposals include a qualification for 17 - 18
year o0lds in full time education not as an alternative to
C.P.V.E. at 17+, the main areas of study do not as yet include

Science.

6.3.2 A.E.B. 'A’ Level Electronics Systems, 658.

The A.E.B. Electronics Systems ‘A’ Level was developed under the
guidance of Professor G.B.B. Chaplin at Essex University:
(Chaplin 1976). Basically the course included consideration of
human perception, computers, and feedback and control systems, as
well as circuit design. The emphasis is on a broad field of
systems eg. Biology, Ecology, Sociology as well as Engineering.
This course (was a Linear-Expert Model of curriculum
development): (MacDonald 1975) affording an example of a re-
orientation as compared with the Electronics Endorsement which

was a variation: (4.1.2)

6.3.2.1 The Research and Development phases were based in the
Department of Electrical Engineering, Essex University and the
initial scheme was evaluated at the Colchester Royal Grammar
School being followed by a three year pilot scheme in nine

centres including F.E. The use of the local pilot centre was
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congistent with the strategy suggested by (Nilliams
1966),(4.2.3), and 1is reflected in the present strength of the

course in Essex.

(Bevis 1978), who subsequently became Director of the Scheme,
noted that the feedback obtained led to a course which was "“...
well balanced in terms of intellectual scope, syllabus breadth
and timing. Mathematics was kept at a minimum 30 as not to
obscure simple and logical concepts; the content could be
covered" (in contrast with many ‘A’ 1levels) "in two years

allowing depth in relation to importance.®

In the 'Pilot 'A’ Level Syllabus’ the nature of the syllabus was
described and significantly the first sentence includes "... aims
to provide a preparation for modern living."” Such an aim and the
teaching of the principles and concepts of systems using
electronics as a central co-ordinating theme or ‘hub’ continues
to provide a unifying stimulating course. Technology was hnot
allowed to dominate the course so that the course could not be

outdated as technology advanced.

During the pilot scheme minor changes occurred in the syllabus:
i) Originally the three main sections were given as:
Television and Audio fundamentals, Computers, Feedback and
control, Ciruit design. Subsequently the content was presented
as Communication System,. Computer Systems and Feedback System,
with a section on Basic Electronics which could either be taughﬁ
separately or integrated into the three main sections. In the

final syllabus ‘Computer System’ was renamed ’‘Processing System’,

~113-



‘Basic Electronics’ was described as ’'System Components’ and an
‘Introduction General System’ was added. In these modifications
the systems identity of the course was gradually being made much

more explicit,

ii) The Master-Slave technique was deleted and specifically
replaced by the Data-type bi-stable. The F.E.T. was deleted, no
specific emphasis placed in the Telephone, Communication System
had the Superhet receiver and the moving coil principle and
devices added, the content on the Op.Amp was considerably
extended, and Fortran language was replaced by Basic. These
changes reflect both the evaluation feedback and availability of
components etc.

iii) The experiments were intended to 1leave scope for
initiative, variable depth and to be open-ended so that the
experiments were readily adaptable to future change in sixth form
examinations. Originally laboratory work was assessed on a range
of fourteen experiments involving: “"the students’ grasp of

principles rather than measurement techniques or style of

report." The assessment was changed to involve two
projects/investigations of about 10 hours and one
project/investigation of about 20 hours. Recently this was

changed to six experiments of at least 4 hours duration in the
laboratory and one project of 10 hours laboratory work, and the
assessment scheme now allocated approximately 25% marks to

evaluation of performance (measurement) and style of report.

The results of the pilot scheme persuaded the Schools Council
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that the course was not too vocational and the course was

released in 1976.

During the Research and Development phases the project was
supported by the National Electronics Council: (Noaks 1976), who

also supported the Dissemination phase.

Teacher courses eg. course N106 Electronics Systems (Sixth form)
6th-9th July 1970 which commenced during the pilot stage gave
teachers and advisers an opportunity of early involvement
(4.3.5.3). Also in the pilot stage it was made known that
teaching materials and laboratory equipment were developed and
available from Essex University who considered that "The cost of
equipping an electronics laboratory is substantially 1less than
that for either Physics or Chemistry." (Bevis 1978) repeated the
latter point; in his capacity as Director, Bevis continued to
support the course by making available notes on commercial
suppliers of equipment, recommended books, and Feedback published
a series of course booklets and supported a Newsletter prepared
by teachers. (Grace 198l) gave a summary of suitable laboratory

equipment.

Thus the introduction followed a ‘top-down’, centre-periphery, R
D and D model. The resulting syllabus identified a main cohesive
theme giving explanatory notes on syllabus topics, generally
providing a syllabus form which reflected teacher pressure as
evinced by articles in School Science Review etc., for more
guidance and 1less ‘'hidden curriculum.’ These various features

were consistent with those suggested by (MacDonald and Walker
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1976) (4.3.5.8) and help to explain the survival of the course.

6.3.2.2 The slow growth of Electronic System may be attributed

to several features which include:

i) A re-orientation innovation was considered to require
technical support, and resources were 1important, (4.1.2).
Similarly the centre-periphery requires a sufficient level of
resources (4.2.9). The resources available to the Electronic
Systems project did not allow the appointment of field officers
(4.3.3.1) and the lack of contact inhibited the S-1 mechanism.
Also the lack of resources did not allow the initial planning to
be on a sufficiently large scale (4.2.8.1). In general there was
not correction for the negative influences in Schools (4.3.5.9)

and little support from L.E.A.s.

ii) Although it was claimed that the Electronic Systems was
relatively cheap to establish, the physics resources already
existed and it was even cheaper to extend those facilities to
cope with ‘variation’ innovations such as including Electronics
in Physics. The Schools Council, A.S.E. supported Nuffield 'A’
level Physics project commenced September 1967 and introduced
trials in September 1968 involving 500 students in 24 centres. A
revised syllabus in the following year had trials involving
approx. 1500 students in 62 centres. The materials which became
available 1970-71 included Aims, suggestions for teaching

sequences etc.

The Nuffield Syllabus included a section on Electronics reported
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by (Nicodemus 1975) to be extremely popular. (Tebbut 1981) wrote
"It was seen to be relevant, well organised, capable of catering
for pupils of all abilities, generating confidence and

enjoyment."”

Thus (Summers 1983) wrote that the Nuffield ‘A’ level Physics
"pioneered an approach to electronics teaching using conceptual
building blocks:" An alternative retrospective view is that the
resources available to the Nuffield made it more attractive to
L.E.A.s and the inteqration of electronics placed no further
pressure on the time-table; also that the Nuffield Electronics
component delayed 1links to technology and the growth of
electronics. Criticism was also made of the Nuffield 'blocks’
insofar as they were considered by some as not being appropriate:
being able to switch like traffic lights but not in the same
order. Details of the original syllabus and the new syllabus are

given in 6.6.1.

6.3.2.3 Other contemporary relatively highly funded projects
such as Project Technology have substantially died away 1leaving
residual traces in the N.S.C.T. and C.D.T. itself, only seen as
an 1idea by Project Technology. It is interesting therefore to
consider why Electronic Systems survived and why the innovation

did not peel off (4.3.1.5).

The Electronic Systems offered an appeal to specialist staff who
were opportunist (4.3.1.2), and invariably as resources never
allowed a band wagon effect, such staff received . encouragement

from student enthusiasm (4.3.2.2). The scatter on the map of
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centres, and conversations reveal little ripple effect rather
than an Urban spread as suggested by (House 1974) (4.2.10.2), and

lasting S-1 effects from this pilot scheme.

F.E. always had a strong level of involvement perhaps as in many
colleges the equipment required to achieve a threshold (4.3.1.1)
was available in consequence of 0.N.C. and later T.E.C. courses.
As (Marsh 1964) noted (4.3.5.2) teachers themselves will push an
idea along, they are not passive. Given the opportunity teachers
started courses trading off viability of class numbers, in this
sense the growth of F.E. gave very healthy Physics groups from

which a smaller Electronic Systems group could be formed.

The statistics show the average number of entrants to be in 1983:
6.84 students; in 1984: 6.66 students. The change in centres
from year to year (volatility) is perhaps a consequence of small
numbers, staff turnover etc., and 1is indicated by the
fluctuations.of centres offering candidates in 1983: 99 centres;
compared with 1982, 18 ceased and 26 started. In 1984: 120

centres; compared with 1983, 25 ceased and 28 started.

In 1982-84 about 40% of the centres were in F.E., 1in 1984 44.8%
of the candidates were in F.E., the growth in F.E. also reflects
that they do not have an assured flow of clients and they need to
attract students, (4.3) using an entrepreneur tradition (Morgan

and Turner 1979, 51).

Insofar as Headmasters and their equivalents in F.E. did not
always actively support such initiatives, it is significant that

by not refusing permission they allowed courses to continue.
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However, it 1is also significant that the various strategies
(4.0), suggest a Head to teacher direction and little attention

was given to the teacher to Head strategies employed in practise.

The Electronic System growth although slow was continuous (Graph
6.1, Table 6.2), and it provided a stimulus for further
development, See A.E.B. ‘0’ level, both by.introducinq ideas
into the 16-18 education sector and by setting a target of

educational standard and content.

6.3.2.4 In 1984 a draft of a proposed revised syllabus was
released for first examination in 1987 and comment invited. This
draft was supported by Notes for Guidance, Aims and Objectives,
also an Examination paper with its Marking Scheme. The strength
of the feedback obtained by the Board in preparing this syllabus
(Sect. 6.3.8) was reflected in the fact that it was finally

issued without significant change.

The 1list of Assessment Objectives included Problem solving and
Skills in a form which is currently acceptable; also in
accordance with current thinking the concepts of Synthesis and

Applications were given much greater priority than Recall.
The detail of the syllabus was considerably extended:

i) by making detail explicit, consistent with the style of
previous examination questions.
ii) devices such as the 555 timer, Schmitt trigger and the JK
flip flop were added.

iii) detail was added on filters and frequency response, also
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digital communication.
iv) Sections were added on Transducers, Microprocessors and

Storage thus satisfying the criticism made by (Pike 1982, 17).

Sections omitted were Reactance and the manipulation of Boolean

functions.

The syllabus thus gave more emphasis to integrated ciruits and
microprocessors especially in the transmission of data and moved

further away from areas of Physics and Mathematical interest.

The Notes for Guidance included detail on Bandwidth, rise time
and Sampling rate which will be outside the experience of many
teachers. Also, as noted in Section 6.3.12, the Notes for
guidance gave detail which is often not given in text books egqg.
the term Regenerative Comparator (Schmitt trigger) 1is usually
simply given as Schmitt trigger, only a few text books such as
(Morris’ Industrial Electronics, p.325) use the former term and

Morris uses ’‘Regenerative Voltage Comparator.’
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6.3.3. A.E.B. ELECTRONICS ENDORSEMENT 801.

The A.E.B. examinations board was sponsered in 1951 by the City
and Guilds of London, the R.5.A., and the London Chamber of
Commerce. The first examinations offered in 1955 included
commerce, engineering and building, subjects quite unknown in the

existing 8 G.C.E. examinations boards.

6.3.3.1. The A.E.B. subsequently continued such initiatives:
one was the introduction of a syllabus at A level in Physics with
electronics which required candidates to sit three papers set in
Physics at A level with a fourth written paper in electronics of
three hours duration which was designed to ’'stretch’ students. On
the electronics paper candidates were expected to answer six
questions from a choice of ten. The emphasis of the Electronics

syllabus was and continues to be on physical electronics.

This option became a separate Electronics Endorsement which
retained the same syllabus:

Electron emission, effect of fields.

Thermionic diode, rectification, gas filled devices.

Thermionic diode, class A amplifier, gas filled devices.
Practical amplifier, coupling of stages, matching, feedback.
L.C.R. effects, Q factor.

Zone refining, intrinsic behaviour of Ge and Si.

Doping, majority (minority) carrier, junction diode.

P.N.P. transistor,common base and common emitter.

Comparison of thermionic and solid state devices.
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This content was comparable with O0.N.C. Electronic Physics and

was complementary to several existing ‘A’ level Physics syllabus.

In 1975 the syllabus was reviewed and several changes were made:

i) The written paper was of a three hour duration congisting
of one compulsory question and a choice of three from six. The
compulsory question comprised 12-16 short questions and was
allocated 40% of the marks: the other dquestions were more
conventional being allocated 60% . Marks were shown on the exam
paper affording the students some guidance.

iiy Brief notes for guidance were given with the syllabus
which it was suggested would require four hours per week teaching
time.
iii) Thermionic devices with the exception of the C.R.0. were
deleted and the emphasis was placed on 30lid state devices:
C.R.0., deflection sensitivity.
Experiments involving conductivity-temperature relationships.
Production of Jjunction, and planar devices leading to I.C.
fabrication.
Zener diode, n.p.n. and p.n.p. transistors, h characteristics,
equivalent circuits.
Emitter follower, multi-vibrator.
F.E.T. unijunction devices, oscillators.
Voltage doubler, ripple.
Op.Amp. LC/RC effects for integration and differentation.
Schmitt trigger and Logic.
After the 1975 revision student numbers fluctuated and consistent

growth did not restart until 1978, MHWhether this was because of
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the move to solid state or because centres offered A 0
electronics instead is uncertain. Graph 6.1, Table £€.2, show the
growth; more recent growth is perhaps because of the larger pool
of A physics students due to the bulge, the increasing interest
in electronics courses in general., and publicity. (Tebbit 1978)
suggested that most interest occurred in the ‘diffusion’ stage
but as the ‘diffusion’ phase for one board’'s proposals overlaps
with that of another growth is more continuous than would be

thoeretically expected.

6.3.3.2. In 1984 a draft revised syllabus was released for
a proposed first examination in 1986 and comment invited. The
syllabus continued to differ from the other A.E.B. Electronics
syllabuses as it included the physics of semi-conductor and
electronic devices. The proposed syllabus showed changes in three

areas:

i) Previous sections on free electrons and electron
behaviour were omitted.

ii) The unijunction relaxation oscillator, the Czochralski
apparatus, Op-Amp differentiator, and detailed work on time
constants were omitted.

iii) The digital content was given a clear shift in emphasis
to that noted for other syllabuses. Transducers, digital/analogue
conversion, display devices, sequential logic and microprocessors

were added.

The draft was supported by Notes for Guidance, Aims and

Objectives. The Notes for Guidance included detail on Kirchoffs
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Law and Thevenins Thoerem which would allow students to identify
the relationships between single transistor amplifier
configurations as discussed by (Cuthbert 1976): Diagram 6.4.

Where a) and b) have the same structure as do c) and d). As
Cuthbert was referring primarily to the content of an
undergraduate course the rate of evolution of the syllabus can be

appreciated.

The importance of Notes for Guidance becomes apparent if the
detail of the content is compared with that of text books e.qg.
the Non-inverting Op-Amp was given in the Notes for Guidance as
Diagram 6.5.

whereas authors such as Lovelace gave Diagram 6.6.

6.4 ELECTRONICS SYLLABUSES AT ‘le+’
6.4.1 A.E.B. ‘0’ LEVEL ELECTRONICS. 080,

The Institute of Electrical Engineers (I.E.E.) s5et up 1it's
Schools Liason Service in 1975 the objective being ‘to create a
greater understanding and awareness of the electrical and
engineering profession among schools’. At one of their sponsored
meetings for teachers held in 1976 , 1t was suggested that in
view of the C.S.E. interest in Electronics, an ‘0’ level G.C.E.
syllabus should be considered. The development of such a syllabus
was supported subsequently by I.E.E. and taken up by A.E.B. RWhen
the syllabus was first offered in 1982, 250 entrants were
expected , but 1670 entered the examination. Graph 6.2. shows how

the subject has grown to become the fourth largest science
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subject in A.E.B.
The growth can be attributed to several factors:

i The form of the syllabus and Notes for Guidance have a
main cohesive theme as described for the ‘A’ level Electronic
systems (6.3.8) and teachers were given the opportunity to

comment to the A.E.B. Board as the syllabus etc., evolved.

ii) The subject was introduced at a time when the A.E.B.
began to exhibit at the A.S.E. annual meeting when considerable
interest was reported.

iii) The subject involves a project which 1is popular with
students adding to the appeal of a ‘modern’ subject in contrast
to the alternative Electricity-Electronics approach without a
project used by the Cambridge Examinations Board, Table 6.3.

iv) The I.E.E. has continued to support the A.E.B. ‘0’ level
Electronics since the idea was concieved.

v) The subject was introduced at a time of public interest
when some equipment was available in consequence of C.S$.E. and Ao
Electronics courses and the changing content of ‘A’ level Physics
syllabuses.

vi) A systems approach was chosen " to bring out the
intellectual interest and practical skills of analysis, synthesis
and problem solving." Such an approach was found to allow young
pupils to quickly acquire confidence in building systems without
" trouble shooting or worrying whether they have connected things
together properly."

vii) In the F.E. Sector, the introduction of a G.C.E. s3ubject
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gave Science Departments an opportunity of introducing a course
without infringing upon the craft orientated electronics courses

usually taught in an Engineering Department,

6.4.2. The I.E.E. together with the D.T.I. sponsored the
development of suitable hardware by Alan Giles at Brighton
Polytechnic which was subsequently manufactured by Unilab and E
and L Instruments Ltd. Geddes organised and led trials of
materials suitable for use with a systems approach on behalf of
I.E.E. at four schools in 1982-3, and a book ‘Electronics Through
Systems’ was published. The trial material was also made

available to teachers at workshops organised by I.E.E.

{Geddes 1984) reported that the building blocks were designed to
have the following properties:-
i) Ease of assembly.
ii) Few or no patch leads.
iii) Robustness.
iv) Reliability.

v) Clarity of layout,.

These blocks allow students to start with a complete system and
thus gain an immediate experience of the application ot
electronics, rather than use a conventional components approach
with it’'s consequent long delay between the start of a course and
the time when students gain an appreciation of applications. The
blocks encourage students to link sub-systems together to form a
"new useful system” designed to fulfil specified tasks in a very

flexible manner. Finally, on the basis of the confidence
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acquired, students may consider the properties of individual

components,

Other advantages claimed for the systems approach include:-
vi) Staff gain confidence as systems 'work'.

vii) Devices may be transient being used for only short times
before a better device is introduced whereas the systems concept
does not date and may be extended into other disciplines as is
done in the ‘A’ level Electronics Systems.

viiil) A flexible level of student attainment is possible, for
weaker students for example Ohms Law may be given a low priority.
ix) No soldering is involved so that there is less risk of
components being damaged.
X) More time is available for practical work as detailed

teaching of components is not required: (Summers 1983, 201).

(e

To familiarise teachers with this new approach, the I.E.
Schools Liason Service with financial support from the
Engineering Industry Training Board (E.I.T.B.) also ran a series
of teacher workshops. The approach was further supported by the
publication of ‘Electronic Systems News’' and by the development
of materials and courses for younger age groups so that the
course could be introduced earlier. The trend towards the ‘black

box’' approach was also advocated by M.E.P. (Bevis 1978).

After the first release of course details the A.E.B. continued to
stress the relevance of the course to a ‘modern’ curriculum and
explained how the systems approach may be used to introduce

skills. Feedback from teachers etc. led to minor modifications so
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that the draft syllabus contained the objectives given in the
first release as four concise aims, the initial abilities were
presented as objectives with a slight shift of emphasis towards
‘skills’ and ‘"application of the appropriate knowledge to new
situations”. The assessment continued to be on the basis of two
written papers and a project; Paper 1 was amended to include
assessment of "Application...new situations” and "Analysis and
Computation" excluding "Appraisal"; Paper 2 was amended to
include "Analysis and Computation" excluding “Evaluation and
Judgement and Deductive Skills"; The project had perspective

skill added.

6.4.3. Feedback from the Draft Syllabus led to further winor

amendments:

i Safety was placed at the beginning of the syllabus “"to
emphasise that what is required is a safety conscious approach
applied to the whole of the syllabus, rather than an isolated
knowledge of safety requirements.”

ii) Field effect devices were omitted consistent with the
emphasis on Systems made in the Notes for Guidance rather than
on Components. At the time, it was considered that the ’‘system’
bias of the ‘0’ 1level Electronics would enhance its value
complementary to the ‘0’ level Physics with its ‘analysis’
approach. The success of this policy may be judged from the fact
that ‘0’ Electronics is now accepted by many authorities as a
valid entry gualification, whereas ‘0 Electricity and
Electronics is often placed into a group of subjects from which a

candidate may use only a limited number for entry qualifications.
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The Notes for guidance were also amended after the release of the
Draft to correct minor errors and to omit much of the theory of
the Operational-Amplifier once more reinforcing the systenms
approach rather than a Physics-Mathematics analysis style. The
only alteration since made to the final version of the Notes for
Guidance was the inclusion of an Addendum being part of the
report made by the Chief Moderator in 1982. This reinforced the
safety aspects and the need for teachers to give students
instructions 1in report writing. The report indicated that too
much work was derived from magazines without any evidence of
understanding, consideration of alternatives, testing during

development or testing against the specification.

b.4.4 Project Work

The significance of the teacher in project work was noted (6.2.7)
and conversations reveal that the teacher could often reinforce
his role leading into project work. It would appear that in many
instances the student is not made aware of the detail of the
project marking scheme by the teacher. This scheme was based on
an earlier scheme used for Control Technology and is to be shown
to candidates to put the project work into an "engineering
context”, The Notes for Guidance explain the underlying
philosophy and stress that both the teacher and student should

understand the requirements of the marking schene.

Study of the marking scheme shows that the specification of the

device or artifact being made by the student is critical. The
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student is required to submit a Project Brief for approval which
contains a clear title for the project with a brief description
of 1its mode of action and four quantifiable parameters. The
Brief also requires the student to plan the consequent work by
considering the materials, time etc., required, problems to be
encountered, tests to be performed etc. The marking schene
indicates clearly that the project does not simply involve
constructing a circuit by linking components and/or sub-systems
together. A specification can usually be simply derived on the
basis of: work students themselves should have done while

investigating simple systems, supported by literature sources:

i) What are: the supply voltage?., approximate current
magnitude?, thus approximate power used?

ii) If there 1is an audio signal what frequency range 1is
expected?, how far away might it be heard?, how long for?
iii) If a thermal transducer is used what 1s its range?, 1is
it linear?, what is the magnitude of its response?

iv) If a square waveform is involved, what 1is space-mark
ratio?, the repitition rate?, is it stable if voltage,

temperature etc., are altered?

(Kneale and Snashall 1983-84) discussed several issues relevant
to project work, the importance of the articles was shown when
A.E.B. reproduced them for issue to A.E.B. ‘0’ Electronics

centres.

Thus when the students construct working systems as the course
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develops they need to be encouraged to explore ideas, to ask
questions and above all to test, As (Brandon 1981) wrote "It
doesn‘t matter where you get an idea from - dreams, hardwork, or
your local authoritative teacher/text book - what matters and
what 1is pre-eminently teachable, is that you should test it
rigorously." Without the use of test equipment a specification
can not be established, circuits may be constructed using faulty
sub-systems and/or components. Students gain insufficient
experience of quantitative data to enable them to develop a
confidence in their ability to modify circuits by changing
transducers etc. The experiences should lead the students to ask
everyday questions: What is the working volatge of a nominal 9v
battery? How much power does a battery store? As the battery
voltage falls will the circuit still function? It 1is such
curiosity which leads to students to consider alternative designs
in journals etc., and to attempt to make either an informed

choice or at least to ask questions.

Just as staff on B.T.E.C. courses reported favourably on
Moderators, most staff in A.E.B. ‘0O’ level Electronics centres do
so also. In many instances the staff lack experience of project
work and consequently do not immediately appreciate the
philosophy of the ‘engineering design context’, also very few
staff have either an Electronics Dbackground or Electronics

facilities available.

However, in most cases staff reacted positively to their first

experience of the course and sought solutions by contacting
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Moderators, attending short courses, generally strengthening
resources available to them etc. By contrast with the ‘A’ level
Electronics Systems the ‘0’ level course requires a lower level
of resources and it is supported by I.E.E. workshops and other
initiatives such as M.E.P., T.V.E.I., and In-service training

schemes.

6.4.5 ANALYSIS OF EXAMINATION ENTRIES FOR A.E.B. ‘08O’
SYLLABUS

As Map ©.1 shows the growth of the A.E.B. ‘0’ Electronics
attracts nationwide interest. The average number of students per
centre in 1985 is 712 and the subject appears 1less ‘volatile’
than the ‘A’ level Electronics for which 20% drop out of centres
was noted (6.3.10) in 1984 of 328 centres; compared with 1983: 64
ceased, 202 started. Provisionally in 198% of 412 centres.,

compared with 1984: 66 ceased and 159 started.

In the F.E. sector in 1984, 94 centres out of approximately 135
F.E. centres entered candidates, approximately 30% of the total,
being the most popular G.C.E. Electronics course offered in F.E.
The average F.E. entry is 14 compared with schools ~165, The
relatively higher acceptance in F.E. than schools probably
reflects the capacity in the F.E. sector for time-table
innovations, (4.3.1.2) the features noted (6.3.2.3) and the

attraction of the subject to more mature students.

This view is supported by the similar acceptance in the Tertiary

sector, and the larger Comprehensive schools,
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Analysis of data also suggests that policy features of some

L.E.A.s are encouraging Electronics as a subject vis West

Midlands, Devon, Lancashire, London, Hampshire, Merseyside, Tyne
and Wear, WNWest Yorkshire and that in some areas the subject 1is
only now beginning to develop vis Northern Ireland and Norfolk.
However, the L.E.A. support may be 'not to obstruct’ rather than
‘to actively encourage’; the high position of Sunderland on Graph
6.6 is such a case, Alternatively the apparent L.E.A. support
may derive from their capacity to generate policy change eg. to
Tertiary etc. The growth of the A.E.B. ‘0’ level Electronics is

shown in Graph 6.2, Table 6.2,

6.5 ELECTRONICS SYLLABUSES AT 17+
6.5.1 Four G.C.E. Boards introduced an A0 paper either in

Electronics or Electricty and Electronics:

1976 London 813 Electricty and Electronics.
1978 Oxford and Cambridge 9670 Electronics.
1983 J.M.B. Electronics.

1984 Oxford 8859 Electricity and Electronics.

All of these syllabuses include a project in their assessment
a project which is allocated 20% of the total marks in all except

London 8132 where it i3 allocated 25% of the total marks.

6.5.2 Brief details of the London 813 syllabus were given in
London G.C.E. Board Circular No. 71 February 1975 and the first

examination was held in 1976. The syllabus was given as a series
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TABLE 6.2 Examination Boards and Number of Entrants

with Year of Examination

EXAM- YEAR OF EXAMINATION
INATION _
85 |84 |83 82 |81 80 79 |78 (77 |76 |75 |7%
0 AEB 3600|2250 1670 Actual
E1 5I50| 4790|2700 Provisional
0 CAM LIB |37I | 287 | 276 |I36 | 160 |I8Y B8 66 |57
‘BE1 & El1 |excludes H.M. Forces:
A0 LON 1851} 1603| I730| 1509 1220f 807 |722]|536 |290
AO 0 & C 354 | 264 |%I8 | 209 |224 | 40 [T09
A0 JMB 422 | 202
A0 0OX 213
A JMB 1809| 1724 1707| 1527| 1370| 1227
OPTION E W
A AEB: 799 | 677 {593 [434 [278 | I8T |91 (66 |58 |6
E1 SYST
A AEB 395 | 288 | 286 | 252 |22I | 189 |I68|128 |154 |139 |I75
EL END J

All Totals exclude Scotland, Channel Isles and Overseas entries




of brief headings with explanatory notes. Individual practical
work was considered central to the development of the course and
the style of the course was implied by a syllabus described 1in
terms of devices, Feedback involved regional meetings of
Teachers with the Examiner to discuss project work and the

publication of Examiners reports. Evidence of feedback was:

i) Circular 74 April 1975 withdrew the prohibition on
candidates taking Phsyics 'O’ at the same sitting.
ii) From June 1982 the Case Study requirement was withdrawn

and the examination weighting was adjusted:

Originally After June 1982
Written Paper 70% 75%
Project 20% 25%
Case Studies 10% -

(Johnson 1982) indicated that the London A0 syllabus was intended

to be taught in the sequence:

Potential divider - its behaviour under load.

Diode and transistor,

Extend potential divider to CR circuits and timer.
Logic leading to bi, mono and astuble (7400 series).

Reconsider transistor for a.c. applications.

*l }4—



It was observed that bias, matching and stability were difficult

and that these concepts were often introduced too early.

This syllabus commences with devices and is a Components approach
similar to that of the Oxford Electricity and Electronics AQ 8859

{(6.7.3.1) and the 0xford and Cambridge Electronics A0 Be670,



6.5.3 The J.M.B. proposals were circulated by J.M.B. and
discussed by (Gough 1983), The Board identified growth and
interest in Electronics and evisaged support for an Electronics
course. However, the Board did _not wish to add to the time-table
pressure by offering an ‘0’ level. It was thought that an A0
grade would be suited to a wide range of 16+ students. The
duration of the course was to be determined by the type of

student.

The format of the J.M.B. A0 course was more 'modern’ than that of
the London 813 AOQ. As (Gough 1983) wrote, Electronics was an
ideal area to consider the "... relationship between science,
technology and society since the effects are obvious for all to
see and happening at such a rapid pace that they are rarely out
of the news." This view was reflected in an Aim to "foster an
appreciation of the importance of Electronics on current

technology and on modern society."”

Such an acceptable modern view, the emphasis toward Digital
Electronics, the more explicit Aims and Objectives and the
support engendered through the J.M.B. structure probably
contributed to its growth relative to the Oxford and Cambridge
8670 AO. Indeed it is somewhat surprising that J.M.B. did not
introduce the course earlier as the London 813 A0 was not
supported in Lancashire and the West Midlands, Map 6.4 and the
Oxford and Cambrdige 8670 AQ was substantially restricted to the

Independant Sector. One failure to date is the nil response from
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the F.E. Sector defined, originally by J.M.B. as a potential
‘market’'; this however may only reflect changes of the names of

centres during educational reorganisation.

6.5.4 The Oxford Ao 8859 syllabus was written by staff at
Richard Taunton College, Southampton. By comparison with the
J.M.B. syllabus the Oxford Syllabus has a lower subject content,
an improved teacher assessment scheme, more flexibility because
of its system bias., and it was suggested that it leads into the
A.E.B. Electronics Systems., This last factor is a clear exanmple
of Houses's pattern of spread, (4.2.10.1), as Bevis the former
Director of Studies of A.E.B. Electronics System was also
associated with Richard Taunton College. It i3 also significant
that the proposed Southern Examining Group includes the A.E.B.
and Oxford Board, so that the introduction of an A0 grade would

offer experience at all levels to the new examining body.

6.5.5 Analysis of AO entries

Study of the A0 syllabus show changes in content, format, and
presentation similar to those generally noted by (Galton and
Eggleston 1979): "Each subject curriculum had its own philosophy
embedded in a statement of aims, they had in common the intention
of moving away from the traditional view of science as taught in
schools, as a set of received facts and principles.” The AQ
Electronics courses involved new ideas which were being
continually updated and students were required to explore the new

ideas.
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Graph 6.3, Tables 6.2, shows that total growth in A0 Electronics
has accelerated slightly, the total spread of entrants broadly
covers the entire country. All of the Boards attract only small
numbers of entrants per centre, only J.M.B. data was examined to

determine the ‘volatility’ of examination centres.

A comparison of the J.M.B. entrants for 1983 and 1984 shows 1in
1984 71 centres of which compared with 1983 (9 ceased and 48
started). That 9 centres ceased out of a total number of 32
centres in 1983 is masked by the total overall growth and once

again demonstrates the ‘volatility’ of the situation.

Table 6.2 suggests that centres do move to other syllabuses as

they become available.

Table 6.3 shows that only a small percentage of the centres are
able to link an AQ Electronics course to an A Electronics course
as suggested (Electronics Systems News, May 1983, 18). The A0
coding vreflects that the course may be suitable for more mature
students, however, the A0 qualification is only given credit as
an ‘O’ level for entry qualifications.

It is interesting to note:~

i) Many more F.E. centres enter the A.E.B. '0' level
Electronics than the A0 Electronics examinations.
ii) 26 State Schools and 32 F.E. centres offer both the

A.E.B. Electronics and an ‘A’ level Electronics.

These facts suggest that the ‘0’ level is just as acceptable as

the A0 level for mature students, also that the F.E. centres can
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TABLE 6.3 Details of AO Electronic Examinations

Examination Summer I984 Examinations:
No of Average 1 Regional Spread
Centres No of '
Entrants
per Centre
London 221 7.1 London, Home
Countiess, East
Midlands, a few
from the S, Coast
and N.E. England
0 & C 46 767 London and
| Home Counties: (I)
JMB; 70 6.3 Lancashire, West
Yorkshire, West
Midlands and
Birmingham, a few
from N.E. England
Oxford 26 7.7 Seattered over
Southern England

I. A slight scatter represents the popularity of
this Board in the Independent Sector where 38
centres enter candidates.

Examination oummer I984% Examinations
Type of’ Jo also offering
Centre Y& Electronics _ _ < _ _ _ _
and No Systems- End. Systems: and
End
London (2) FE 231 5 > -
(3) State I83| I3 5 I
School '
Oxford (4) State 26| 6 - -
School

Centres also entering 'A' level Electronics are:
2. mainly in the London areaj
3. mainly in the London, Hampshire, Tyne-Wear areas;
4, mainly in London and the South.
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offer a broader range of subject choice.

6.6 ELECTRONICS IN ‘A’ LEVEL G.C.E. PHYSICS SYLLABUSES
6.6.1 Nuffield Physics

The Electronics content of ‘A’ level Physics syllabuses was a
significant factor in the introduction of Electronics into the
'curriculum. Reference was made (6.3.9) to the Nuffield A level
Physics Unit 6 ‘Electronics and Reactive. Circuits’. The Unit was
desiqhed originally "on the assumption that many more students
will be wusers of electronic systems than will be designers of
electronic circuits.” Using a black box approach a transistor
was introduced for switching, amplification etc., and other
useful behaviour. (Harris 1985) described the revision of the

Nuffield A level Physics for a 1987 start which was intended to:-

i) cover the existing core and add new topics.

ii) have a new format.
iii) without major expense introduce some new equipment.
iv) provide a role for microcomputers.

The content of Unit 6 is now covered in Unit C ‘Digital
Electronic Systems’. However the presentation 1is now based
explicitly on logic gates (NOR and NAND) rather than on a ’‘basic
unit’. To minimise expense the original basic unit may be used

with two NAND gates, (Harris 1984) reviewed a suitable kit.

Unit 1 ‘Linear Electric Feedback and Control’ is new to the

syllabus and is largely based on the operational amplifier. This
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unit provides an introduction to devices and basic control
principles as well as providing an opportunity to use and revise .
“some basic ideas about electric circuits, oscillation., growth

and decay."

These wunits are to be covered in three weeks, and a "major
innovation” to ensure wide reading in this coverage 1is the

provision of a new student guide.

(Ogborn . and Wong, 1984) described a Dynamic Modelling System
for use on the Nuffield course. This microprocessor allows
students to obtain solutions to problems by writing out
equations, also it includes a range of programmes vis: S.H.M.,
electric and gravitational fields. This simulation approach is
novel within an ‘A‘ level syllabus and it relates to proposals

made by (Sparkes 1985).
6.6.2 J.M.B. Physics

The J.M.B. ‘A’ level Phsyics syllabus prior to 1979 included the
C.R.0.,, diode and rectification, In 1979 a choice of options
was allowed, one of which was Option E, Electronics. The basic
syllabus now included the C.R.0. bridge rectification and use,
input and output characteristics of one current and one voltage
amplifier, also éwitchinq and inversion. The option E syllabus
included transducers, matching, simple logic, use of operational
amplifiers, the effect of feedback on the performance of
amplifier, Multivibrators etc. As many of these topics were
outside the experience of many teachers, the J.M.B. Sub-Committee

for Physics issued ‘Notes for the Cuidance of Teachers on the
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Electronics QOption’ in March 1977.

Other than a minor proof correction the next change occured in
1981, the Option E syllabus was retained within the 1986 revised
syllabus. The operational amplifier was given greater coverage,
logic was extended +to include a comparison of all flip-flop
action and a binary 4-bit counter. The operational amplifier was

no longer applied to second order differential equations.

This option showed a slow growth within the total pool of J.M.B.
‘A’ level Physics students from approximately 9% to 11%, figqures

are shown in Table 6.3.

6.6.3 London Physics

The London ‘A’ 1level Physics syllabus up to 1973 contained
thermionic emission, the C.R.0., diode and triode Commencing 1973
students took a Part I core with one of the two sections in Part

II. The content of Part II included:

i) semi-conductors, effects of impurity and temperature
including band theory.

ii) simple amplifier and rectification, either thermionic or
solid state.

iii) C.R.O.

From 1973 to 1977 the form of the examination and the format of
the Requlations and Syllabus were progressively altered. The
syllabus was no longer in two parts and it included brief notes,

and syllabus weightings relevant to Blooms taxonomy were given.
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Commencing June 1977, the only thermionic device was the C.R.0O..,
Band theory was omitted, although either the junction transistor
or F.E.T. device could be taught only details of the common
emitter mode amplifier were required, and the syllabus no longer

specifically mentioned rectification.

For examinations to commence June 1983 up to January 1987 the
electronics content was further amended to restrict semi-
conductors to Group IV; the terms electrons/holes and extrinsic
were included; specific reference was made to the p-n  junction,
diode rectification and smoothing; only the bipolar transistor is

required both as a common emitter Class A amplifier and a switch.
6.6.4 Summary

Thus the electronics content of all three ‘A’ 1level Physics
considered continually evolved from thermionic to solid state
devices requiring an updating of teacher skills and equipment.
In comparison with 1973, the teacher is now offered aims,
objectives etc., which are more specific in terms of scope,
terminology and exam intent, thus attempting to avoid aspects of
the ‘hidden-curriculum’, (Crellin et al, 1979, 684-5). There is
evidence of Application rather than Knowledge in all cases eq.
London: rectification., smoothing, specification of amplifier
class, and switch, and instrumentation/communications options in
1987. This change and the move towards logic gates and the
operationaf—amplifier, eg. Welsh Board, doubtless keeps the
syllabus ‘modern’, and therefore acceptable to students. Insofar

as the syllbus revision is fundamentally top-down doubtless the



resultant syllabus 1s also acceptable to higher education,

professional bodies etc. (4.3.5.8).

It is significant that although the London Board continually made
minor adjustments of detail neither they or any of the other
Boards concerned made changes requiring further purchases of
equipment within a short period. Indeed the Boards showed an
awareness of the limitations of resources in terms of teacher
skills and materials, for example, the change by Nuffield to
include the microprocessor 1is the only major change,. aAn
awareness was shown also when in general only, either ‘easy’ or
‘standard’ questions were set on the semi-conductors etc., when

they appeared in the syllabus, (Crellin et al, 1979, 706).

6.7 Other Exmination Boards Include:
6.7.1 City and Guilds

Courses involving Electronics relevant to the 14-16+ age group:

i) Electronic Servicing 224

ii) Microcomputer Technology 756

6.7.2 C.S.E. and C.E.E.

Restrictions of space and time compel comment to be brief. The
data given 1in the Appendix shows several Boards with a long-
established involvement with Electronics with a total pool of
students comparable to A.E.B. 080. The number of entrants shows
a continuous growth interrupted in 1982 and 1983, presumably by
the introduction of A.E.B. 080, and then resumed growth. The

weakest group is that in the North.
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Electronics is offered under a wide variety of titles, especially
by the N.W. Regional Examining Board. The syllabuses are usually
Mode 3, although the East Anglian Board offers a well supported
Mode 1 and the Southern Regional Examining Board shows a shift
from Mode 3 to Mode 1. The latter shows a major growth 1981-
1984, probably reflecting local support following the review of

the previous syllabus.

In general syllabus content changed towards a '‘modern’ approach

as evinced by those Boards previously discussed.

6.7.3 Oxford Delegacy of Local Examinations

i) Electricty and Electronics AOQ, 8859, introduced 1984.

In comparison with the alternative G.C.E. A0 Electricty and
Electronics syllabuses the 8859 is an 'Electronics’ syllabus.
The only unusual feature i3 the definition of the Systems
Approach may start from "a knowledge of circuit theory and
component Dbehaviour". This i3 not in agreement with either the
description of the systems approach given in 6.4.2, or the
description given by writers such as (Geddes 1984, 268-270),
(Foxcroft 1983, 4-5) and (Foxcroft 1984, 22-33),.

ii) Electricty and Electronics '0', 5859,
This syllabus may not be entered at the same time as 8859 which
is intended for more mature students. The content and
presentation of the syllabus are conventional but the assessment
differs considerably from those used by other Boards for this

subject. 50% of the assessment will be by the teacher comprising
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30% Project/Investigation/Extended Article and 20% Coursework,
the marking will not be moderated instead a proportion of the
centres will be visited by the examiner,. The criteria and mark
ranges given by the Board offer very little guidance especially
to a 'nmew’ teacher and compare unfavourably with other schemes

especially in view of the high loading inveclved.

6.7.4 Cambridge Local Examinations Syndicate
i) Cambridge Electronics ‘0’ level 7065 to be introduced

in 1986 jointly with Oxford and Cambridge. Compared with the
7060 Electricity and Electronics, the 7065 syllabus is completely
different in that a project worth approximately 18% of the nmarks
is 1included and a systems approach is used. The syllabus is
presented in three sections: ‘Current Concepts, Devices and
Transducers’', ‘Digital Circuits’ and ‘Analogue Circuits’, with
the emphasis on digital and analogue I.C.s. The syllabus is in
general similar to the A.E.B. B810; the presentation i3 not
supported by detailed Notes for Guidance 1in particular the
project marking scheme of Cambridge appears as a precis compared
with the A.E.B. scheme.

ii) Cambridge Electronics ‘A’ level 9363 jointly with 0 and C
to be generally introduced in 1986. The syllabus was developed
in collaboration with O and C to link with the 0 and C A0
Electronics and the 7065 ‘0’ level Electronics. It was envisaged
that students could "set out with the one-year AO course in their
sights and move on in their second year to continue with this ‘A’

level course".
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The course is basically similar to A.E.B. Electronics Systems 658
except that the systems approach is not related so closely ¢to
human and other systems as is advocated by A.E.B. Project work
is included in the form of two projects each equivalent to
fifteen hours work allocated 7% and 13% of the total marks

respectively.

The 9363 course was supported by documentation which although not
as detailed as that from A.E.B. 1is usefully complementary, eqg.
whereas A.E.B. provides a list of suggested projects the
Cambridge Board distinguishes between the four categories of
practical: investigation, synthesis, application and problems in
a way that many teachers will find useful.

iii) The Cambridge ‘A’ 1level Technology and Electronics
contains an Electronics module which introduced discrete
components such as the operational amplitfier, display devices and
intergrated circuits which were then used in control systems.

The J.M.B. ‘A’ level Engineering Science also has an Electronics

content.

6.7.5 Craft, Design and Technology, C.D.T. courses
Report 18 of the Schools Technology Forum 1979 described the
response of the Schools Technology Forum and the Science and

Technology Regional Organisation (S.A.T.R0O.) to meet 'Employment

Needs’'. An active initiative in schools was called for with five
aims:
i) "pupils handle and become familiar with technological
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components and devices -- transistors, amplifers -- switches --
instruments -- integrated circuits etc.”

ii) "pupils develop a knowledge of the ways in which such

devices are used in the design of systems---"

iii) pupils develop the capability to tackle technological
problem-solving in the design and creation of working engineering
systems.

iv) . puplls develop the capacity to use their science and

mathematics in the design of working engineering systems.

) pupils experience the excitement of successfully

overcoming the hurdles on the way to creating a device which

meets a specified need.

The Report then indicated how Technology teachers could
participate in Microelectronics describing a Programme which was
fundamentally a Proliferation of Centres Model. It was suggested
that the Research, Evaluation and Dissemination phases would take
three years from commencement and three parameters were

identified against which individual schemes could be evaluated:

vi) pecple involved.
vii) types of activity.
viii) areas of implication.

The consequences of this and similar initiatives was illustrated
by a report by (Pilliner 1985) on a proposed modification in the
A.E.B. ‘0’ level Control Technology. Whereas the present course
involves ‘relay logic and presentation’ the proposed scheme

allows ‘computer system and interface’ as an alternative. A Mode
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3 pilot development supported by M.E.P., N.C.S.T. took place in
1984 which will lead to extended trials in 1985 followed by a
full pilot evaluation in 1986: (Ghee and Mills, 1985), (Pike
1982, pp.17 - 18B),

The course is not specific to a particular microprocessor chip
and it involves the wuse of the microprocessor for simple
operations and procedures to control hardware making it work as
intended. The skills involved are those involved in A.E.B. ‘0’
Electronics and in terms of design etc.,, the course allows that
for a given task the microprocessor may not be the best option =o

that alternative solutions are acceptable in examinations.

Thus although the present A.E.B. Control Technology or indeed the
Southern Universities Joint Board ‘0O’ level Technology were not
included in the survey because of restraints of space and time,
it can be seen that the C.D.T. syllabus content_may be covergent

with the Electronics syllabus.

6.7.6 AS Levels

These are to be introduced in 1989 to coincide with the
withdrawal of AO level examinations. Discussions on Advanced
Supplementary (A.S.) levels may lead to ‘comgplementary’ studies
for science students and ‘contrasting’ studies for non-science
students. An approach which (Fairbrother 1984, 42) doubted as it
was contrary to the philosophy of the A.S3. grade which was to
relate it to its correspodning ‘A’ level syllabus,. It 1is

possible that the curriculum could be broadened by using modules
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from the C.P.V.E. programme or by adding addition materials to
such units. The C.P.V.E. syllabus offered by Southern Regiocnal
Board suggest that Electronics may be usefully included in such
‘supplementary’ studies (Section 7). The ‘first priority’
proposals did not include Electronics and as the D.E.S. suggest
that provision must be made within the total resources available

rapid growth of Electronics in this sector is doubtful.

6.8 ANALYSIS OF ENTRIES

The A.E.B. ‘0’ level Electronics shows a broad geographic spread
of entries, Map 6.1, and it was chosen for an analysis of the
significance of examination centre size. 94 F.E./H.E. centres
each have approximately 19 entrants, 21 Sixth Form and Tertiary
College centres have approximately 18 entrants, the School
centres have approximately 11 entrants. These figures suggest
that the large centres can provide large viable groups (4.2.3).
However, a much lower proportion of the Sixth Form and Tertiary
Centres enter candidates than do F.E. centres so factors must be
involved other than the size of centre and maturity of student.
Also reference was made (6.3.2.3) to the necessity for F.E. ¢to
attract students. No data is available for either B.T.E.C. or
City and Guilds but in many regions it can be anticipated that
numbers on day release courses involving Electronics deciined in
consequence of reduced employment opportunity for technicians.
The growth of the A.E.B. ‘0’ level in F.E. probably reflects that
nany young unemployed students are selecting '‘instrumental’
goals: (Rutter 1979, 15), such as examination success and

preparation for jobs. Also the data suggests that in some
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regions it is L.E.A. policy to place Electronics provision in the

F.E. sector eg. Wales, Northern Ireland, Buckinghamshire.

Graphs 6.4, 6.5 and 6.6 show that the number of examination
entrants approximately equates to population, eg. Graph 6.5 has a
slope og +223 entrants/Mill.population, intercept -32.2. and
correlation coefficient 0.8l, suggesting that L.E.A. policy 1is
not itself a major influence (4.2.9.2). The distribution on this
graph shows no correlation with the pattern of annual costings of
support, premises etc., given by (Lord 1984, 36) who indicated
other significant factors similar to organisational health

(4.4.1).

Reference was made (6.3.10) to the possible value of accumulated
resources and these may be much more significant than an annual
figure as given by Lord,. Whether with the active support or
acquiescience of the L.E.A., a ‘critical mass’ is required for a
successful local project. (Johnson 1982) in connection with
Electronics courses suggested that at a certain stage of
competence an enthusiast with journals etc., and with a minimum
formal training ‘takes off’; this view is suggestive of House's
‘critical mass’. The ‘volatility’ of centres may indicate that
some centres may become involved without reaching the necessary

level of resources etc. (4.3.1.1),

6.9 CONCLUSION
(West 1983) wrote "Whilst many would not conceptualise the school

examinations boards as change agents". The evidence does suggest
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that they and B.T.E.C. are indeed change agents quite capable of
pursuing initiatives in conjunction with professional institutes,
other examination bodies etc., rather than wait for central
government supportk. In doing 30 the Boards are able to rely on
the strength of their formal qualifications and the enduring

parameter of the exam system: (3Salter and Tapper 1981, 127).



7. RECENT INITIATIVES IN EDUCATION RELEVANT TO ELECTRONICS

‘You cannot teach a crab to walk straight’

Aristophanes, Peace, 11083.

A consequence of increasing central control of education,
(Section 5) 1s that various agencies of Government Departments
such as D.E.S., D.T.I. and to some extent D.H.S.S., are now

attached to the body of Education in an education/training role.

This Section describes the initiatives of some of these agencies
in the field of electronics. The progress of the M.E.P. 1is
compared with the detailed innovation strategy suggested at the
inception of this Programme. The M,F.A., T.V.E.I. and S.S5.C.R.
are briefly described and their potential impacts on the
Electronics l6+ examinations are considered in terms of
resources, The viability of Regional provision for le+

Electronics is considered and consequences are suggested.

7.1 MODERN INNOVATION THEORY

7.1.1 The formal R D and D model described (4.2.8.1) was found
to require the wuse of strategies if it was to be effective:
(Section 4) Thus recognition of the problems of teachers, 10Eal
difficulties etc., required an advance in the basic theory of
diffusion to allow for social learning theory. Such an advance

came from the work of (Guba and Clark 1975); they reported:
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i) the centre-periphery model had set unreasonable targets
and had changed its policies too frequently.

ii) the central control should be diminished within a realistic
complete programme for education, knowledge, production and
utilization, (K.P.U.).

iii) such a K.P.U. programme was to be "responsible to both
individual (ideographic) and instructional (nomathetic) goals"

across a broad field of education.

7.1.2 (Berg and Ostergren 1977) also tried to place the formal
R D and D process into a social and organisational context

identifying:

i) Gains and losses, of both security and stability, and

and self-satisfaction.

ii) Ownership, 1s there an identity to innovation by the
teacher?
iii) Leadership, characteristics of the leaders., sub-leaders

and the "opposition”.
iv) Power, emphasising that institutions are essentially

conservative being defensive against intrusion.

Berg and Ostergen advised (p.6), there should be "clear gain and
few losses to be made, a strong sense of ownership, effective
leadership and more importantly a sensitive and timely exercise
of constitutional power that could be mobilised to secure the
innovations. They also advised that innovation processes were
dynamic and the factors which they had identified might change

with time. (Coulson 1983) described the changes which had occured
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in U.S8.A.

(Barton et al, 1980, 7) offered a much simpler explanation for
the failure of innovation models when referring to Musgrove’'s
concept that without a dominant group a lasting ‘hegomony’ can
not be achieved. Thus the vagaries of elections have national as

well as local educational consequences!

7.1.3 (House 1974, 97) discussed the economy of school

innovation work and how the system could be changed making two

suggestions:
i) use of ‘Merit Pay’': the ' administrator decides
differential access to information and rewards. It was thought

that this approach would enhance administration power leading to
"“more frequent, though more limited"” innovation,

ii) an increase in the "relative power and influence of the
teachers" of which the more virulent form of the strategy would
be to promote professional contact and interaction outside the
school: House considered that teachers could bargain for
innovation resources and rewards leadinq. to '"more varied
pluralistic innovation that would be more widely and deeply

embraced by all organisational members.

The second strategy was supported by several writers. (Hunter and
Heighway 1982) described the role between Headteacher and
ordinary teacher as becoming blurred allowing a ‘creative
turbulence’. (Munro 1977, 58) stated some evidence suggested

that to get improvement in educational practice "the restricted
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roles of schools and teachers cannot be allowed to persist”,
(Rogers and Marcus 1983, 256) wrote: "local control is needed for
maximum committment to innovation and that the Government should
support the social learning process by providing support from

peers in local teachers centres.

7.1.4 {Miles 1965) proposed that a network of teacher centres
could allow "low energy access to trusted competence”.
Appropriate information energy and other resources can be easily
located from physically dispensed modes to solve local problems.
It 1is pertinent to note that (Miles 1964, 643) identified
advantages in the creation of new innovative structures to by-

pass vested interests:

i) due to limits on the length of time of appointments increases
creativity, involvement and work level.

ii) has a minimum bureaucratic restriction and does not
involve role-conflict.
iiiy can deal with specific, short run problems expeditiously.

iv) provides a reasonable link to target.

A disadvantage identified by (Miles 1975, 477) was that the by-
pass could itself become elitist.

It was against this background of opinion moving in favour of
models other than R D and D, that the new training initiatives to

be discussed were introduced.
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7.2 GENERAL FEATURES OF CURRICULUM CHANGE

Whereas the G.C.E. and B.T.E.C. Examination Boards exert a ’'top-
down’ influence on curriculum many of the new Ltraining
initiatives advocate a 'bottom-up’ approach. At present there is
no clear consensus of opinion on the suitability of these two
approaches to the Compulsory School curriculum in terms of their
acadenic, professional and vocational significance. Indeed
(Tomlinson 1985, TES, 22-2) wrote "At the same time the
conceptual split sharpens between education, (characterised as
soft, person centred, academic, analytical traditional, a
consumption good rather than investment) and training (hard,

task-centred, practical, innovative and a national investment)".

Reference was made in Section 6 to the importance of introducing
problem solving skills in an everyday relevance and this 1is
offered as a basis for vocational initiatives. It is suggested
that vocational work may usefully bridge schools with industry
and commerce to the advantage of students as they become more

aware of the problems to be faced.

A further stimulus towards curriculum change continues to be
unemployment. The (F.E.U., 1983, March) reported that employment
“...increased the pressure to find a new framework through which
their transition into adult society might be accomplished®
because of the shortage of paid employment the framework must
include elements such as "work experience”, ‘’community service’,
"education and training provision", which were previously given a
lower priority. In September 1983 the F.E.U. reported a general

agreement on social, economic and political grounds on the need
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for a wider range of learning opportunities.

The inter-relationships of the GCovernment and non-Government
bodies which developed was described in (Education in Science,
1984 January), see piag 7,1 and it noted that "the links between
bodies are becoming stronger and rationalisation of provision is

being made."

It was suggested in Section 6 that Electronics could be taught
from either an analysis (physics) approach or a systems approach,
so it follows that Electronics may be adopted by either 'top-
down’ or ‘bottom-up’ curriculum developments. This Section
continues to consider the role of Electronics in current

initiatives vis G.C.8.E, C.P.V.E., T.V.E.I., M.E.P. etc.

7.3 MICROELECTRONICS EDUCATION FROGRAMME (M.E.P.)

In October 1978 b.E.S. wrote to the Standing Conference of
Regional Advisory Committee leading to the announcement by D.E.S.
of the M.E.P. programme in March 1980. The scheme was to Dbe
funded by D.E.S. at £9m over four vears at March 1980 prices and
administered by the Council of Educational Technology. According
to D.E.S. March 1979 "The sum of the programme wil be essentially
to provide a springboard for soundly based wider development
throughout schools and F.E. colleges by exploiting existing

skills and initiatives."”

7.3.1 (McMahon and Anderson 1980, 207) wrote "Various
statements made in the Governments annoucements suggest that the

aim of the Programme is not to achieve implementation of new
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curricula and methods across all or even most schools and
colleges, but instead to establish and evaluate good practise in
a smaller number of institutions which can then be the basis
upon which wider dissemination takes place." (McMahon and
Anderson 1980, 211) advocated a planned decentralised management
model as being "the most ambitious and most complex task but also
the one most likely to yield the greatest rewards in the end".

Four features were described:

i to build up expertise on a broad front acting as a front
line service of local use.

ii) each centre to develop area(s) of specialist knowledge
and skills to complement other areas.

iii) an overall need for liason to aveoid duplication.

iv) development, evaluation, transfer and dissemination
networks should exist, each to be in existence for differing
periods of time and with different objectives providing four

simultaneous networks.

Such an analysis was consistent with contemporary theory (7.1)
allowing for 1local involvement. However the Dbasic pattern
remains that of a series of linear R D and D models between

centres (4.2.9.4).

7.3.2 In effect the M.E.P. was initiated in 1981 to end in
March 1986, the Aims in the Information File Autumn 1983 were

given as:

i) to promote, within the School curriculum, the study of

-158-



microelectronics and its effects.

ii) to prepare children for life in a society on which
devices and systems based on microelectronics are commonplace and
pervasive.

iiid) to help and encourage teachers to use the technology as

an aid to teaching and learning.

7.3.3 In 1984, the scope of the programme was stated to cover
schools and non-vocational F.E. for G.C.E. syllabuses leading to
pre-vocational qualifications on the basis of certain

assumptions:

i) The School curriculum would be enhanced by amending the
content and approach of subjects within the curriculum and

developing new topics.

ii) Microcomputer/microprocessor equipment would be wusefully
applied.
iii) Use would be made of the microcomputer in independent

learning and information retrieval.

iv) For those with special needs new devices/systems would be
used.
These assumptions were a significant change of content after the
publication of the Information File Autumn 1983, insofar as it
was not made clear who will amend syllabuses to ‘encourage’
schools to respond or who will fund the new equipment. Insofar
as M.E.P. 1is responsible to D.E.S. then it may be assumed that
either a new central policy will appear or that the failure to
comply with the assumptions will provide a basis for a major

rethink on the M.E.P.
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7.3.4 The organisation of M.E.P. grouped the 109 L.E.A.s of
England, Northern Ireland and Wales into fourteen regions of
roughly similar population (approx. 3.5m) each served by a
Regional Information Centre (R.I.C.) which offered ‘a materials
viewing advice and dgeneral teacher support service', ~In
addition, four Special Education Centres (S.E.M.E.R.C.s) were
linked to ’'demonstrate relevant equipment and provide advice
relevant to children with special needs’. These regional
activities comprised two-thirds of the total programme, the
remaining one-third was on a national basis. Four Nation Co-
ordinators were appointed to provide a R.I.C. staff liason and

centrally organise INSET direction.

(R. Dunn 1984) explained that to achieve the Aims the strategy
adopted by the organisation was "to operate simultaneously in
three equally important interdependent areas": These areas are

considered in 7.3.5% to 7.3.7.

7.3.5 Curriculum Development: including preparation of
documentation, and provision of software, equipment etc. This
area later included Educational Materials, and National
Evaluation and Development Centres were established at Sunderland

and Salford.

7.3.5.1 The M.E.P. files show that the centres did develop areas
of specialist knowledge and skills broadly across the spectrum on
consultation with Schools, H.E. and F.E., Publishers, Industry,

B.B.C, TI.E.E., etc. (Page 1985) indicated an input from firms
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such as British Telecom, [.B.M., =2.T.C., etc. (R. Dunn 1984)
commented on the L.E.A. autonomy within the programme, the
educational needs and concerns. This range of features was

consistent with a central pluralist policy (5.2.5.1).

7.3.5.2 Several of the curriculum initiatives related to the
Microelectronics for All (M.F.A.) course. This course was
"designed as a low cost practical course which introduced the
principles underlying Information Technology and demonstrated the
action of basic simple IT systems”. A very significant
‘Principle Design Criteria‘ was:

“Must not require specialist technical or scientific knowledge

on the part of the teachers”.

This criteria should be seen in the context of two statements

made by the Director, R. Fothergill:

i) 1-3-83 Birmingham Conference: "So it is incumbent on us
all to have a basic familiarity with the way it works. Being able
to 1identify and deal with simple faults, change chips on a
circuit board, replace sensors, make use of different problem
solving strategies, these are the fundamental skills for the
future."

ii) M.E.P. Conference 1984: "all children should have a basic

understanding of electronics”

Fothergill continued to propose that by introducing basic
principles of simple circuitry young children would gain

confidence in design etc.
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(Holt 1980, 17) considered that problenm solﬁinq and design could
be introduced only 1if the curriculum introduced the basic
knowledge requirements and understanding on which these two
concepts depended. If the teacher is not required to have a
‘specialist’ knowledge then unless the curriculum is modified
(7.2.3.1), it is difficult to imagine the children gaining
experiental learning as suggested by Fothergill. If this
introductory course is to provide a foundation for future study
then some of the teachers involved will require mwmore technical

and scieintific knowledge than they already have.

Several of the units developed by the M.F.A. were similar to the
Unitab Alpha and E and L wunits which originated 1in the
I.E.E./A.E.B. trials. The use of such units may create a
"deskilling effect of the package" with a consequent "less input,
less pay": (Barton et al, 1980, 16-19). Such a situation would
not create a sense of ownership etc., (7.1.2) and may not be
accepted by those teachers who were not concerned with the

development phase.

7.3.5.3 The M.E.P. in conjunction with Salford University,
G.E.C., and Ferranti developed an M.F.A. Scheme described by
(John-Martin 1984, 17-18). The scheme was prepared for a fifteen
hour introduction to Information Technhology for the lower
secondary school; consequently the emphasis of the course was on
digital electronics. It was thought that new kits for practical
work should be developed specifically for this course, these were
subsequently placed in 17 schools in Greater Manchester and

Lancashire for trials in 1983.
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(Bevis 1982, 13) suggested the M.E.P. will encourage and
disseminate spontaneous local development; possibly this policy
contributed to the M.F.A. schemes in a small number of areas:

i) CLEAPSE (R.J.J. Orton 1982, 7-9).
This module gave the essential features required for M.F.A. at an
appropriate level of detail and would fit in at 13+, third year
in either a C.D.T. or Physics or Science course so all are
‘exposed’. The module adopted a systems approach as it was
considered the most suitable approach in the total time of twenty
hours allowed for the course although CLEAPSE would probably have
chosen the systems approach on the basis of the arguments offered
in Section 6.
The syllabus included the: Systems concept, binary patterns and
memory, decoding patterns, logic gates, analogue vs digital
coding D/A and A/D conversion,programmability and feedback.
The CLEAPSE module is bheing tested in schools near Uxbridge;
tests will include the Unilab and Philip Harris Dbasic units,
Griffin and George microprocessor, 2X81, Unilab 1 Bit etc. Even
though the weakest pupils spend only fifteen hours on a basic
core, this syllabus and the range of equipment involved can be
expected to pose problems for "any teacher willing to learn a new
discipline”, The ’‘timely’ exercise of central ‘constitutional
power’', (7.1.12) implicit in Criteria 2 may be considered as

power-coercion rather than a ‘sensitive’ exercise of power

(7.1.2).
ii) The Havant Schools Microelectronic Programme (Bothwell
1982, 4),
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The development of this module in four secondary schools was
funded by D.T.I. for £65,000 on condition that this sum was
matched elsewhere. In-service training involved four groups of
twelve teachers for three hour sessions. Also the L.E.A.
provided supply teachers to release two co-ordinaters for 20% of
the time from each school.

iii) Five North London L.E.A.s (Dean 1982, 15) S5.A.T.R.0. and
D.T.I. co-ordinated a scheme in twenty schools, which included
simple radio, tuning circuits, logic etc.

iv) Although the LAMP project is not part of the M.E.P.
scheme, it 1is relevant at this point to consider details of a
LAMP project given by (Ainley 1984, 31-38) which indicated the
level of attainment involved. Ainley observed that the LAMP,
Science at Work, and Open Science projects "concerned with the
teaching of science to less able or less motivated senior pupils
in the secondary school includes a unit on electronics." The
work ‘considered’ the use of the transistor as an amplifier, a
switch, and as a component in an astable circuit etc. Ainley
found that wusing a systems approach the students could be
introduced to flashing and noise making circuits based on the
555, then pulses were counted using a binary counter and seven
segment display. Other integrated circuits such as 741, 2ZN414

were also used.

Ainley expressed the opinion that to avoid the subject bceoming a
form of ‘“cookery" the "skill of the teacher 1is of paramount
importance”, This view was consistent with those given in 6.2.8

and is relevant to comments made in 7.3.5.2.
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Ainley also reported "considerable profit can be obtained by ’
exploring the civrcuit as it works with a voltmeter". If Ainley
can make this point on a LAMP project, then teachers with more
able and motivated students could perhaps be expected to develop
ideas even more rigorously.

7.3.5.4 As information from these various schemes 1is made
available to all schools a close identity of purpose between the
M.F.A. scheme and the S.S.C.R. Science for All is apparent; and

the whole resembles a Dis-equalisation negotation (4.4.3.1).

In comparison with the central R D and D programme used in the
1960‘s and 1970's the M.E.P. scheme is extremely diverse in this
Development phase and must undoubtedly stimulate a broad interest

in Electronics.

(MacDonald and Walker 1976, 54) discussed the reasons for the
‘take-off’ of Geography, these may be summarised as: there were
not too many facts or naive trivial explaining instead the topic
was lively including concepts, patterns and processes given 1in
relation to society. Although the M.E.P. has not built up a
teacher network in the same way as the Geography project the

similarity of features in the M.F.A. project for the 12-14 age
group could be expected to contribute to the 'take-off’ of

Electronics.
In the event of a 'take-off’:

i) if vresources are made available to schools it can be
expected that those resources will be used extensively on the 14-

16+ courses.
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ii) the familiarity of students with Electronics and their
enjoyment will provide a firm basis for 14-16+ courses.
iii) the syllabus content and treatment at l4-16+ will alter to
build on (ii) and to maintain ‘novelty’. Such alteration would
be 1in 1line with the comments made in 7.3.3., and could be

expected to take five years (M.E.P. File Autumn 1984, 3).

Any problems in staffing the M.F.A. Science for All-Electronics
Option schemes may appear trivial in comparison to staffing
problems caused if there was growth in G.C,S.E. courses which
include Electronics. Comment on the G.C.S.E. and Electronics

INSET is made in Section 8.

7.3.5.5 The M.E.P. Information File Autumn 1983 made the
suggestion that the national need to be able to "flush-out"
technological talent further "underpinned and complemented" the
justification for M.F.A, Fothergill pointed out that some will
"move on to more specialised work" and he asked "how are we
making use of the modern technology to improve experimentation to
make it more like that which is, and must be, practised in modern
industry?". Such comments are consistent with the concern of both
Central Government and Industry, but questions of financing

remain largely unanswered.

One answer was provided when the then D.0.I, in 1982 provided
financial assistance to schools to purchase items related to
microelectronics and microcomputers amongst which was the

V.E.L.A. This Scheme excluded F.E. and thus discriminated in
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favour of those LE.A.s using tertiary and sixth form colleqge

provision.

7.3.6 Teacher Training
Four domains were identified by M.E.P. of which the Electronics

and Control Technology domain is pertinent to this thesis.

Each domain had a National Co-ordinator appointed by an Advisory
Committee which included representation from teachers, L.E.A.
advisers, H.M.I., teacher trainees, commerce and industry. “Each
domain 1is served in each Region under the guidance of a Domain
Co~ordinator who is responsible for establishing the pattern of
courses". (Bevis 1985) stated that the E.C.T. Regional Co-

ordinator were in day to day contact with practising teachers.

M.E.P. was to provide pilot I.N.S.E.T. courses only, further
provision was dependent upon the input from the L.E.A.s. The
E.C.T. I.N.S.E.T. was concerned with the development of teacher’s
expertise necessary for them "to teach the current electronic
component of the many examined and non-examined courses which
include this subject” also to extend this "minimum expertise into
the implications of current and potential new applications of
Microelectronic Technology to all aspects of work and life." The
Information File Autumn 1984 indicated that the I.N.S,E.T. scheme
was extended to 'A’ 1level Electronics Technology Practical
Modules, The néw I.N.S.E.T. courses will relate closely to the
revised A.E.B. ‘A’ 1level Electronics syllabus and practical

materials will be featured which were prepared by a working group
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of thirty experienced teachers, teacher trainees and advisers:

(Bevis 1985,24).

M.E.P. documents stated "it is teachers who ultimately influence

the content and philosophy of teaching syllabuses". This is not
consistent with S.E.C. policy and top-down curriculum review and
as only a few schools were represented in the M.E.P. schemes

perhaps the wording should be "some teachers”.

{Fothergill 1983) reported that M.E.P. had trained 40,000
teachers sufficiently for them to introduce computing and or
electronics. Later in 1984 he reported encouraging participation
in I.N.S.E.T. by L.E.A.s and an extension to initial training of
teachers, As the scheme gets fully under way it will Dbe
interesting to see 1f the concept of (Fothergill 1982) of a

"cascade approach" to I.N.S.E.T. will apply.

Sunderland L.E.A. moved onto the ’'second phase’ of activity
running a course in ‘Electronics for Teachers’ jointly at
Monkwearmouth C.F.E. and the Microelectronics Centre, which the
Authority shares with M.E.P. This course was offered in
connection with the T.V.E.I. scheme and the number of applicants
was such that a second ten week course to commence Autumn 1985
was also fully booked. Further comment on this course is made in

Section 8.

To support the I.N.S.E.T. Programme, M.E.P. developed a Distance
Learning Initiative based on a previous C.S.E. course. A logic

tutor and worksheets were made available and it was suggested
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that these materials would help to meet the need of ‘“totally
inexperienced teachers to make a start..." The realism of M.E.P.
in appreciating that there is a problem of teacher release 1is
creditable but the production of the ‘Distance Learning’
materials provides no 'ownership’. Such materials includes good
practice from a small number of institutions which were
relatively well funded and many teachers comment on the problems
faced in introducing the materials into their 1less generously

funded situations.

7.3.7 Information Dissemination

This activity arises from Curriculum Development, Teacher
Training etc., and involves the circulation of literature such as
the M.E.P. Information files, Electronics Systems News produced
in consultation with I.E.E., the Microelectronics handbook
produced in concultation with B.P. Educational Service, and

liason with the B.B.C.

The R.I.C.s will keep available demonstration equipment; also a
broad range of literature collations, syllabus, examination

papers with details of regional activities.

7.3.8. The actions taken 1in these three areas of strategy,
described in 7.3.5 to 7.3.7, correspond closely to those actions
suggested by McMahon and Anderson, it can be anticipated that in
looking to the end of the M.E.P. 1in March 1986 attention will be
given to the advice of McMahon and Anderson: "Mechanisms for

identifying, establishing and ensuring appropriate continuation
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funding for all dissemination centres need to be established

during the Programme itself".

Perhaps a weakness in the M.E.P. scheme is the L.E.A. input,

McMahon and Anderson suggested certain Regional tasks including:

i) Evaluation of the ’‘state of the art’ in the Region;

ii) Set up a Standing Conference to identify and develop needs
for microelectronics education;
iii) Conceptualise a local network;

iv) Putative (loosely structured) groups would independently

or co-operatively submit development proposals.

Where funding did not allow these tasks excluded non-vocational
F.E. to the extent that not even Electronic Systems News was

provided to F.E.

Such exclusion of F.E. was inconsistent with (R.Dunn 1984) who
advocated that M,E.P,. would relate "to a wide range of
educational needs and concerns in introducing microelectronics to
the classroom". The input of F.E. 1in the 16-18 electronics
examinations is such that even if F.E. 1is involved in National
Schemes its exclusion from Regional Schemes must have affected

the balance.

Many L.E.A.s5 quickly equated microelectronics to microcomputing;
writers such as (Dean 198l) tend to give an emphasis to
microcomputing. Perhaps this emphasis followed from the D.E.S.
November 1980 announcement of projects which was in April 1981

interpreted by the Prime Minister, Mrs. Thatcher, as ‘a



microcomputer in every school’. The November statement included
F.E., Dbut in practice financing could not always embrace F.E. in

the Programme or even in purchase schemes (7.3.5.5).

Whether or not F.E. was officially "by-passed" from the
provisions of the scheme is difficult to determine but it is
significant to note that "The major statement of M.E.P. Strategy

reads: "The aim of the programme is to help schools.."",

7.3.9. Conclusion

An inspection of the publication of the M.E.P. and those
‘institutions’ ‘linked’ to it show a range of activities as
suggested by House. However, whether or not the products from
M.E.P. are acceptable to teachers will depend on attitudes within

schools as well as links with M.E.P. It was noted that there are

staffing difficulties, those exacerbated by falling rolls and
lack of resources may inhibit the take up of M.F.A. in schools.

The link from M.E.P. may not be successful:

i) Relative to schools M.E.P. has massive and daunting

resources, (4.3.5.9) and it is seen as elitist by many teachers.

ii) The ‘by-pass’ mechanism allows the M.E.P( to be
conservative.
iii) The M.E.P. policy appears to be that it can only pioneer

I.N.S.E.T., therefore no linkage to ‘peers’ develops.
iv) M.E.P. staff are often on limited time appointments to
encourage creativity: (Miles 1975), and on secondment often from

grades lower than Head of Department; they may not be seen as
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peers by the link within a school especially as there is 1limited
time to develop trust.

v) There 1is no evidence that appointments made are of
teachers who intuitively established a successful teaching
strategy in electronics.,

vi) There 13 no evidence that institutions which were
sponsored to develop packages had any special skills etec., 1in

electronics.

(v) and (vi) may not allow those outside M.E.P. to identify to

the innovations etc.

7.4 Secondary Science Curriculum Review

Following the restructuring of the Schools Council the

Science Curriculum Review (S5.5.C.R.) was set up in 1981, the
curriculum development strategy chosen being Periphery-Centre
(4.2.9.4). The broad aim given by (West 1983) was to develop
"..a system of science courses such that all.. whatever their
abilities and career intention - receive an appropriate

scientific training”.

It was considered that the  8.S5.C.R. would co-ordinate the
evolution of new science teaching strategies unifying the
mechanism of "problem solving", and provide an answer to outside

threats vis T.V.E.1. (Hornsby 1984).

Groups of practising teachers and others were formally formed by

L.E.A.s (in England and Wales) or Education and Library Boards



(in Northern Ireland). The groups selected feasible tasks based
on the interests of the members, schools etc., allowing a local
identity (4.3.5.6) and the tasks were submitted to both the
Education Authority and the 5.5.C.R. for approval. If approved
resources for the development programme were provided by the
Authority, the programme was supported and co-ordinated
(4.2.9.4), on a regional basis by one of six full time Regional
Project Leaders funded by the Review. The groups were further
supported by a Central team which was responsible for overall
planning, control of the development policy, production and
dissemination of reports etc., and liason with external agencies.
Typically the groups met once per month after school, in-service
training allowed meetings as a number of days or half-days per
year. Thus the model contains many of the features of Problem
Solving (4.2.8.3), and allows the role of the teacher to alter

(4.3.5.4), allowing a by-pass (7.1.4).

(Hargreaves 1982) criticised school centred innovation because of
“the dirth of rigorous, critical, and empirically grounded
accounts of particular schemes and projects”. The S.8.C.R.
projects are not yet completed, but a general invitation was
issued, June 1984, to those who wished to particpate in the
products of the Review. The invitation was accompanied by a

general framework of evaluation consistent with the view of

Rivlin who required agreement - "to use common measures of what
is accomplished so that results can be compared": quoted by
(House 1974, 228). She further observed all this requires is

“strong central leadership”.
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The last point was developed by (Hargreaves 1982) who noted that
the S.8.C.R. ‘was central in origin and hardly as grass roots as
it pretends’. He also observed that there is no value in teacher
involvement if the teachers are excluded from other important

contacts.

(Long 1983) observed that the framework of the Review excluded
the possibility of three separate sciences: Biology, Chemistry
and Physics, tending instead to the integration of subjects.
Several of the projects under development involve Electronics
(See Table 7.1), a subject described in 6.2 as providing a sound

basis for the integration of activities.

A somewhat similar initiative to that of the S.5.C.R. involves
the B.P./Centre for the study of Comprehensive Schools Scheme at
York; within that initiative a school is developing
microelectronics and computer literacy across the curriculum for

the whole ability range.

Social 1learning theory suggests that local control is needed for
maximum commitment to innovation but (Rogers and Marcus 1983)

expressed concern about two dangers:

i) when there is decentralised control in subjebts involving
"a high degree of technical expertise" it is possible for "bad
innovation to diffuse

ii) local wusers may not be able to appreciate and wuse the
total information available, where technical expertise is

involved a central co-ordinator could be usefully included.
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These points are pertinent to the activities of the S.S.C.R. in
electronics., If a local group did not appreciate their lack of
expertise it 1is equally possible that the Regional 1link would

not.

Electronics syllabuses are changing towards a Systems approach
increasingly based on integrated circuits and the findings of the
A.P.U. suggest that students should be encouraged to appreciate
the circuitry of the blocks and test accordingly. Ainley,
(7.2.5.31iv) provided encouragement to those who would attempt to
do so across the ability range. During the review phase of the
S.83.C.R. the work of local groups should be considered against
this background and the similar activities within the M.F.A.
project. In contrast to the relatively well funded M.E.P.
supported projects the 3.8.C.R. Electronics groups may reveal the

reality of the situation regarding resources and their usage.

The information on resources should emerge insofar as the
S5.8.C.R. Review criteria suggested that cost implications should
be considered. The request for such information and the concept
of self evaluation (Hornsby 1984, 15) will provide for some
teachers an 1initial experience of course validation procedures
and should be a useful exercise for those contemplating running

courses in Electronics using models such as the B.T.E.C. units.

7.5 Technical and Vocational Education Initiative (T.V.E.I.)

This is a scheme funded by M.S.C. at £3,000 per year for each

pupil plus local funding compared with a normal L.E.A. funding

=175



of €£30 per year: (Teacher 1985, 22 Feb, 4), (T.V.E.I. Review,
1984). The scheme was described as “the beach-head from which to
colonise all secondary education: (Young .M, 1983, T.E.S. 4/3).
At present approximately 65% of the L.E.A.s in England and Wales
are 1included, of which 57 are currently running courses; the
White Paper, 'Better Schools’ indicated that the great majority

of L.E.A.s would become involved.

7.5.1 The Aims of the scheme were to equip young people
across the ability range with the personal skills and attitudes
required for employment and to facilitate the transition from
Schools to employment. This scheme was intended to encourage
schools to substitute 1learning by practical experience for
conventional academic instruction thus emphasising problem-

solving.

The scheme placed an emphasis on transferrable skills and it
should be sufficiently flexible to allow for students who either
change their career choice or leave a school. Many authorities
designed T.V.E.I. courses which had much in common with other
courses so0 that a Dbasic course could be extended to allow
certification using C.G.L.I. General Vocational Preparation 365,
C.G.L.I. Foundation Coursg, C.G.L.I. General Abilities Profiling
System C.S.E., G.C.E. etc. syllabuses. Recent reports (T.E.S.
1985, 15 Feb) indicated that the Welsh Joint Education Committee
in consultation with Clywd and Gwynedd produced a radically
reformed syllabus using modules to meet the needs of T.V.E.I.

This course is similar to a C.S.E. Mode 3, it includes only 20%
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written tests with an overall assessment.

The T.V.E.I. scheme includes core experiences and options, and in
many L.E.A.s one option is Electronics, typically in a form
relating to a broad industrial sector rather than to a narrow
vocation. Sunderland L.E.A. submitted an Electronics Extension
which was designed to be suitable for those students who would
“not reach the required standard to successfully gain any
certification” and which would allow extension toe C.S.E. and ‘0’ -
level Electronics. The option was allocated % day per week over
two vyears; also it was considered that if Electronics was
important then aspects of electronics should appear in each of
the core experiences. The content of the Sunderland course was
presented as a series of learning objectives so that at a later
date the syllabus could be considered for use as a level 1
B. T.E.C. Unit. Such a unit could form part of a broad framework
such as the B.T.E.C. Technicians Studies Course (6.3.7). The use
of 60 hour level 1 units would give an improved opportunity of
certification in areas of student motivation and would allow

progession to further education.

In response to the (Alvey Report 1982), an F.E.V. paper by
(Neale,D.F. and D.R. Wilson,1984) suggested seventeen modules
involving Physics, Circuit Theory, Electronics, Computer
Fundamentals etc. O0f these, eleven modules were related to the
syllabus contents given for electronics in Section 6. These

modules were described at three levels:
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i No prior knowledge, minimum mathematical ability, could
provide the basis of Y.T.3. or Awareness courses,
ii) Ability for analysis and testing eg. technician Eraininq.

iii) Ability to design eg. graduate.
The levels (i) and (ii) may be appropriate to T.V.E.I.

However, the use of B.T.E.C. units will involve schools in a form
of examination in which they are not familiar. The schools would
also be required to go through a validation procedure which
requires the submission of details of resources vis. staff,
rooms, equipment etc. This latter procedure is not unlike the
administrative process being used to collect data on the T.V.E.I.
Scheme within schools so that in this sense the T.V.E.I. 1is a

sensitive strategy towards a ‘big shift of attitude’.

7.5.2 The Sunderland T.V.E.I. Electronics Extension required
that the Aims and Objectives of the course were taught in a

context of relevance; it was recommended that ‘'in the home’ would

be suitable. The Extension was to be integrated into the total
curriculum:
i) Safety and Health: use of symbols; colour perception;

noise; use of chemicals; wiring code; plug testing etc.

ii) Science: transducers; instrumentation; materials used in
the manufacture of components etc.

iii) Numeracy: use of symbols; analysis of data; graphical
representation.

iv) Communication: report writing skills; verbal discussion:

concepts of radio, TV, etc,
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V) Technology: control; instrumentation; quality control.
vi) Design: printed circuit work: report presentation;
wiring lay-out.
vii) Music: frequency divider-octave; filters etc.
viii) Society: effects of improved production; communication:

changing patterns of employment and leisure.

On the basis of experience gained from A.E.B. ‘0 level
Electronics courses, it was considered that this approach and the
opportunity of practical work would be acceptable to students
allowing them to acquire a range in skills consistent with

T.V.E.I. philosophy.

7.5.3 A significant number of schools associated with the
T.V.E.I. scheme introduced courses in 1984 leading to either
A.E.B. ‘0’ 1level Electronics, or the Electronics option in
C.D.T., or the Electronics option in N.E.A. ‘0’ Phsyics. This
growth of interest raises problems of I.N.S.E.T., if the
electronics is to be taught so that all educational advantage is
obtained. If B.T.E.C. modules are used, then administration and
teaching problems in connection with resit phase tests will

require consideration in the pilot schemes.

The pilot T.V.E.I. was restrained officially to a limited number
of students in the programme (T.E.S. 15 March’85, p.1l4) eqg.
Durham L.E.A. submission stated 20% of the total age group. In
view of the generous funding, there is concern at the problem of

extending the implications of T.V.E.I. to all of the 14-16 year
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0olds. The added suggestion that in view of the funding streaming
was used to obtain success: (Teacher 22 Fedb 1985, p-4)

exacerbates this concern.

The T.V.E.I. has a strong central control and within the ranges
of its projects the total overall strategy has many of the
features given by Rubin (4.2.5). ‘The dissatisfaction’
(4.2.5.3.11), being brought about by a local lack of resources,
the reward being the generous funding which allows equipment to
be brought into a centre for wider use. When an authority
obtained resources eg. E.E.C. in addition to T.V.E.I. a major
input into new subject areas was possible. Linking,
(4.2.5.3.vii) is encouraged by the simultaneous work of S5.35.C.R.,
L.A.M.P. etc., creating a constant stream of innovation under a
centralised control (4.3.1.5). Such 1is the extent of these
simultaneous projects in electronics that they may represent a
deliberate policy to implement a Normative-Re-Educative strategy
(4.5.2), by involving staff. For example, staff who were
previously unfamiliar with the use of objectives may acquire
experience through the T.V.E.I. system of records and the
3.5.C.R. evaluation phase prior to the introduction of G.C.S5.E.
Also there can be little doubt that experience acquired via
T.V.E.I. on ’‘Skills testing by observation in Situ; will provide
teachers with a better basis for introducing G.C.S.E. than was

given to F.E. staff for T.E.C. (6.3.4.1i1i).

(Sir Keith Joseph, March 1985) showed how important T.V.E.I. 1is
regarded when he announced that grants would be made to promote

T.V.E.I.-related developments throughout the curriculum. This

-180-



money is to "be channelled to new technology, bio-technology and
electronics”: (T.E.S. 29th March p.13). A T.E.S. feature (T.E.S.

3rd May p.33) suggested that some radical changes and innovations

were already apparent.
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7.6 General Certificate of Secondary Education (G.C.S.E.)

7.6.1 This single examination will replace G.C.E.‘0’ level,
C.5.E. and Joint lée+ examinations. the first examination will be
taken in Summer 1988.

The examination will be offered by regrouped examination

authorities:
i) Northern Examining Association: one G.C.E. Board: Joint
Matriculation Board; four C.S.E. Boards: the Associated

Lancashire Schools Examining Board, the North Regional
Examinations Board, the North West Regional Examinations Board,

and the Yorkshire and Humberside Regional Examinations Board.

ii) London Examining Group: one G.C.E. Board: University of
London Entrance and School Examinations Council; two C.S.E.
Boards: the East Anglian Examination Board, and the London

Regional Examining Board.

iii) Midlands Examining Group: two G.C.E. Boards: the

University of Cambridge Local Examinations Syndicate, the Oxford
and Cambrdige Schools Examination Board; two C.S.E. Boards: the
East Midlands Regional Examinations Board and the West Midlands

Examinations Board.

iv) Southern Examining Group: three G.C.E. Boards: the
Associated Examining Board, the University of Oxford Delegacy of
Local Examinations and the Southern Universities Joint Boards for

Schools Examinations; three C.S.E. Boards: the Southern Regional
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Examinations Board, the South East Regional Examinations Board,
and the South Western Examinations Board.
v) HWelsh Joint Education Committee (W.J.E.C.)

vi) Northern Ireland Schools Examinations Council.

7.6.2. Of these the London Group and the WW.J.E.C. released
details of their proposed Electronics syllabuses in 1984. Both
were broadly similar to the A.E.B. ‘0’ level Electronics 080
(Section 6).

The W.J.E.C. proposals included a choice of one option from

four:
i) Communication Systems.
ii) Instrumentation and Control.
iii) Medical Electronics.

iv) Microcomputer and Control Systems.

These extended the content of the A.E.B. Electronics in Society
section and included Control, Bioelectronic and Clinical
Electronics. The latter were novel and reinforced the

integration theme of Electronics.

The London proposals required each centre to be sent six design
briefs in January of which the student will be given a choice of
one from four. This may prove to be difficult to operate as
centres rarely carry a sufficient stock of components and
ordering can cause delays. Many A.E.B. centres require
candidates to purchase their own components due to a lack of
resources at the centre, but a compensating facfor is that the

student makes something of their own choice which can be taken
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home. The London proposal may add to the inadegqacy of resources

already severe due to practical requirements.

Both the London University Examinations Board and the WW.J.E.B.
included an Aim referring to either 'interest and enjoyment’ or
‘leisure’, so that either could be extended from a suitably
designed T.V.E.I. Scheme. Other differences with A.E.B. 080 were
minor involving specific components: thyristor, 555, F.E.T.; and
circuits: monostable, bi-stable etc.

The timing of these proposals may be premature as a recent

decision was to insist upon differentiated papers or
differentiated questions. The consequence of this decision and
the decision to use grade related criteria may 1lead to a
situation where the syllabus content and assessment schemes are
not totally compatable. Also the proposals did not include
provision for ‘'Records of Achievement for School Leavers' etc.,
and 1if such provision 1is made there will be difficulty in
finding teacher time for assessement in view of the total
syllabus content. Other 16+ proposals included the wuse of
Distinction and Merit awards described by some as being divisive
and not able to accomodate interdisciplinary subjects. If the
latter criticism was valid then the case for including
Electronics could be strengthened as that subject itself
integrates several areas of the curriculum, However, the
suggestion that only two sciences should be studied may reinforce
the stating of the traditional science subjects to the detriment
of Electronics unless Electronics was placed in the 'Technology’

blank.
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TABLE 7.1

GROUP CODE REGION GROUP CATEGORY INDUSTRIAL APPLICATION
OF ELECTRONICS
WALSA-02 ML C
KENT-04 AN c Applied Physics 14 - 16
HEREF-06 MI C Microelectronics
ESUSS-01 AN Mechanics and Electronics
Measurement
WIRRA-01 NW C Microelectronics application
for All
NEWCA-05 NE A An Introduction to Electronics
and Microelectronics
DURHA-08 NE B An Introduction to Micro-
Electronic Systems
IOW-02 So B Electronics for the Middle Years
HAMPS-05 SO B 3rd Year Electronic Module
*
WSUSS-01 AN B Computer Application in Technology
SEFOR-01 AN A Mechanics and Electronic
Measurement
CHESH-04 NW c Technology through electricity,

* Involves digital electronics

electronics and microelectronics
for secondary pupils



7.6.3 It 1is not yet clear whether centres will be allowed. to
link to the ‘vestige’ of a Board or be encouraged by L.E.A.s to
use one nominated Board; as committee representation will be
local there is a danger of the latter decision being taken
by L.E.A.s without full consultation with the staff concerned.
An advantage of using a nominated Board is that a common entry
provides a simpler administration: a disadvantage 1is that
additional resources may be need if the change of Board involved
a change of syllabus content. Further comment is made at the end

of this section.

Table 7.2 indicates the potential strength of each Examining

Body if restricted entry was used.

Table 7.2 APPROXIMATE TOTALS FOR G.C.S.E./G.C.E.
ELECTRONICS EXAMINATIONS AT 16+, 17+, 18+.

NUMBER OF ENTRANTS 1984 EXAMINATIONS

GROUP G.C.8.E. A.0.+ C.E.E A.E.B.658 A.E.B. 801
MIDLANDS 2165 420 139 106
SOUTHERN 3238 744+ 282 109
LONDON and
EAST ANGLIAN 3153 713+ 122 111
NORTHERN 1873+ 539 100 55
N.IRELAND 153+ 36 60 0
WALES ~350 27 50 11

-185-



One problem will be related to economics as externally moderated
project work has a minimum cost level at approximately 1,000,
above that level duplication of senior moderators etc., prevents
the minimum cost 1level being repeated. As previous C.S.E,
entries will now enter the pool being moderated by an essentially
G.C.E. procedure costings, the balance of profitable examinations
and the un-profitable examinations offered as a service will need
to be considered. The approximations in Table 7.2 indicate that
at 16+ the Northern Ireland S.C. will not be economically viable
and more wunreliable than other groups in terms of staistical
control. Both the Northern Ireland S5.C. and the Welsh J.E.B.
have a very low potential pool for a 17+ examination. At 18+ 'A’
level the present G.C.E Boards will continue to offer
examination otherwise only the Southern Group looks healthy in
terms of Electronics Systems, and no single region has a viable
pool at the Endorsement level. Although Boards may be expected
to allow free entry to their examinations, it can be anticipated
that in the immediate future the Boards will reach an
‘understanding’ so that not too many subjects are uneconomic.
The Southern Group contains the A.E.B. and could expect support
from centres in London, the new Cambridge ‘A’ level Electronics
may expect support from the Midlands and Northern Groups. In
view of social and economic factors, it would be unfortunate if

strong regional influences emerged.

i) The ‘'interaction’ of examiners, moderators etc., would be
restricted; the predisposition of staff to innovations would be

adversely affected (4.3.5.3).
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ii) L.E.A.’s would gain a dominant authority and could control
syllabus innovation for political and economic reasons; feedback
and adopter behaviour would bhecome regionalised (4.2.8.2.), and
less effective.

iii) Those L.E.A.’'s with resources would be able to offer a
more ‘modern’ examination, which was more acceptable as an entry
qualifications etc., thus giving a regional bias to student

advantage.

7.7 Certificate of Prevocational Education (C.P.V.E.)

B.T.E.C. and C.G.L.I. established the Joint Board for
Prevocational Education (J.B.P.V.E.) in May 1983 and in May 1984
details were circulated of a curriculum framework for a one year
full time programme. This course was designed to replace the
C.G.L.I. Foundation and 365 courses, B.T.E.C. General Awards,
R.S.A. Vocational Preparation Scheme and C.E.E., and the course
was described as "the long discussed ‘17+’ qualification”: (Job
1984). However, (Kirkman 1985) reported that the Oxford and
Cambridge Board were to continue C.E.E. and N.E.A. was ¢to
introduce G.C.S.E. 17+, a not unexpected move in view of the
desire of the Boards to maintain their status. Most C.S.E.
Boards are expected to meet five of the G.C.E. Boards in
April or May to discuss this further: (Teacher Vol. 41 No.27,
p.4). Recent suggestions that B.T.E.C. and R.S.A. might continue
to offer their examinations as an alternative to C.P.V.E. may
represent a negotiating stance relative to the G.C.E. Boards

otherwise the B.T.E.C. proposals will "detract from the scheme as



originally envisaged": (McArthur 1985, 17).

This course continues the theme of T.V.E.I. being a unified
course containing a core, vocational and additional studies with
the primary aim "to make the transition from schools by providing
opportunities to acquire the skills; expertise; attitudes;
knowledge; personal and social competences needed for- adult
life": (C.G.L.I. Broadsheet No.102 Feb 1985 p.4). 700 - 900
hours were required on the course of which not less than 75% was
core plus vocational with 15 days work experience. On the latter
aspect, the (N.A.T.F.H.E. Journal Feb 1985) noted the "J.B.P.V.E.
is sanguine about finding work placements in spite of doubts

expressed by employers and others".

The aims of the course included that it should be individually
relevant, practical and allow progression with additional studies
to G.C.S.E. for better students. In achieving these aims, the
course must be institutionally, administratively and financially

viable.

The core contains ten areas all of which must be experienced, of
those areas several could be integrated via Electronics as noted
for T.V.E.I. (7.4), vis Science and Technology:; Communication;
Industrial, Social and Economic Studies; Information Technology:
Decision Making and Adaptability; Practical Skills; and Numeracy.
Electronics offered with a project would give a broad vocational
aspect with individual relevance. Such an approach with
additional studies would allow the enhancement of the course to

G.C.S.E. for the motivated students. There is already evidence
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of the growing popularity of O and A0 G.C.E. Electronics
examinations as a 17+ examination. As noted with T.V.E.I., the
use of suitable modules may also facilitate progression, such
modules could alsc assist if the C.P.V.E. was to extend to part-

time students and to link to Y.T.S., Y.T.P. programmes.

Four Vocational Modules are required in a course being selected
from five main categories, each category being divided into
clusters "based on a grouping of roles found in occupational and
non-occupational activities”: (C.P.V.E. Framework 1985). The
Vocational Modules are introduced in three stages: Introductory,
Exploratory, Preparatory. Electronics could be introduced in two

of these clusters:

i) Category 2 Technical Services
Clusters; Information Technology and Micro-electronics
Systems.

Service Engineering.

ii) Category 3 Production
Clusters; Manufacture.

Craft based activities.

The various initiatives such as M.F.A. and curriculum development
within §.S.C.R. show that Electronics can provide the "required
experiences" 1leading to the "learning outcomes"” required by
C.P.V.E. It would be unfortunate if the wording
"Microelectronics" became firmly equated with Microcomputer and

keyboard skills. The level of entrants may be gauged from the
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D.E.S. statements that students with less than four ‘0’ levels
will not be regarded as being vocationally committed and
therefore gsuited to C.P.V.E. (Turner 1985). Such students may
enjoy using a microcomputer and office equipment, but the
significance of Electronics should not be overlooked. C.P.V.E.
in their handbook do give equal emphasis to Information
Technology and Microelectronics during ‘Theory and Practise’
however 1in the Project Module it is significant that the only
hands-on use of equipment suggestion is: "Design and install a
security system including a variety of detection and alarm

devices."

This type of Project can motivate students as noted by teachers
of A.E.B. Electronics and allows the teacher to relate the

programme as a whole,

There is concern that the time schedule of the C.P.V.E. programme
may not allow 1links to be established across the educational
sectors to gain access to resources and expertise. The form of
syllabus, assessment, and subject content may require more
attention to be given to I.N.S.E.T. if integration and
progression of activities 1is to be achieved at student level
rather than on paper. The C.P.V.E. does offer an opportunity to
rationalise the ’‘non-academic’ route for education and it can be
anticipated that Electronics could provide a viable motivating
interest in technology for many students so that C.P.V.E. does
not become a "school Y.T.S. Certificate for the students 1less

bright": (Edwards 1984, l1l6-117).
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7.8 Other Initiatives

7.8.1 Although not chosen as an official C.P.V.E. pilot scheme
the Southern Regional Examination Board developed a "Course of
Pre~-Vocational Study at 17+". This course included Electronics
as an option in the form of three linked modules with a strong
practical bias; if required the modules could be studied
individually: Electronics, Electronic Systems; An Extended

Practical, Investigational, or Work Experience Unit.

These units were similar to the A0 syllabus eg J.M.B. with an
emphasis towards Analogue-Radio receiver rather than Digital
Telephone and Microprocessor. The units could either be extended
to AO or by adding an Automation and Control Module to A level.
An alternative theme of study could include units such as Human
Communications, and Technology, both of which usefully integrate

into an Electronics System approach.

7.8.2 ¥.T.9., courses are required to include transferrable
skills which could be acquired through the inclusion of
Electronics in the curriculum. Some centres include Electronics
using C.G.L.I. and B.T.E.C. modules but in practice Electronics
tends to be regarded as too vocational. This view reflects the
stereotyped teaching approach too often used without regard for
the broader integrating features available. If an 'employer-led’
Y.T.S. developed which was linked to industry then it is probable
that more students may be directed towards an improved

Electronics module within that course.
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7.8.3 I.T.E.C. centres provide courses in Electronics, however
such courses do not normally lead to certification. In recent
years I.T.E.C. activities included the provision of short evening
courses which were initially competitive with F.E. but which in

the longer term should stimulate interest to the benefit of F.E.

7.8.4 Open Learning initiatives are being considered in various
forms, at present the Open Learning Directory only includes
T.E.C. Level 1II Electronics Course Gg4 p.182. The associated
practical presents several 1logistic problems which may be
overcome by the use of simulation programmes, see (Sparkes 1985)

and (Ogbourne and Wong 1984).

7.9 Conclusion

Several current initiatives 1in Education are towards a ’'new
curriculum’ in secondary education which will include a broad
vocational element. Whereas the curriculum was traditionally
based on the conceptual structure of each separate subject the
contributory subjects are now subordinate to a unifying concept
or theme. The form is suggestive of a '..revamped system of

education...”": (Salter and Tapper 1981, 34).

In total, the initiatives represent a major move from Central
Government which may alter the relative influence of L.E.A.’s on
curriculum control. Concern was expressed by the Ass,
Metropolitan Authorities: (Passmore and Lodge 1985) over
increased central control, and the pressure by L.E.A.’'s to

control entry into the new G.C.S.E. examinations may be a sign of
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resistance.

Separately the initiatives appear to represent feasibility
studies which 1if considered successful will point the way to
future development, As Electronics appears in several of the

schemes it may be anticipated:

i) A consensus of opinion will be reached on where and how
Electronics should be included in the curriculm.

ii) Material and I.N.S.E.T. resources will be made available
using resources from traditional subjects which are no longer so

dominant in the curriculum.

iii) The interest in Electronics will continue to grow.




SECTION 8. THE PROVISION AND USE OF RESOURCES

"...because of the extreme youth of people in the industry. They
learn what should be temporary phases in the industry, assume it

was always thus and will always be thus."

CATT,I. (1985, Vol. 89, No. 1566, p.54)

This section describes the justification offered for the
alternative positions (for Electronics) within the curriculum and

suggests a hybrid role may evolve.

Also it 1is suggested that as subject growth occurs staff will
require certain material resources, also advice on the
significance of this resource provision in terms of safety, scope
of teaching etc. It i3 probable that ’‘interested’' teachers
themselves given the opportunity can acquire the necessary basic
skills required by the theory content of the examination syllabus

and use of equipment.

I.N.S.E.T. should provide assistance for teachers in other
directions, such as the scope available for the integration of
topics across the curriculum, the background needed for project
work, and an appreciation of how the syllabus content 1is

changing.

Comment 1is made on problems encountered with resources.

Suggestions are made on integration and project work.
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8.1 A PLACE FOR ELECTRONICS IN THE CURRICULUM

(Pilliner 1983, 149) suggested three alternative places for

Electronics in the syllabus: separate, in Physics and in C.D.T.

8.1.1 In Physics

8.1.1.1 Pilliner recommended that Electronics should not be
linked with Physics. He described Physics as the "search for
experimental evaluation of the unifying concepts of the physical
world" and he considered that the skills of Physics "analysis"
and ‘“"explanation" “..are not used for electronics at this

level."” Pilliner wrote that "...there should be greater emphasis
on the application of physics and integration with Sciences.
There seems little doubt that the nature of school physics will
change in the next few years." Changes in the ‘A’ level physics
syllabus were commented on in 6.6; and (Dorey 1983, 31) noted a
"...rapid change in the context and teaching methods in ‘A’ level
Physics" also noted were the associated requirements of Nuffield
‘A’ 1level Physics and A.E.B. ‘A’ level Electronics Systems for

physical resources and teaching skills.

MHriters such as (Summers 1983, 201-202) thought that there was an
overlap between electronics and physics, which provided the best
answer to staffing especially in view of the overcrowded time-
table. Summers argued for a wider inclusion of Electronics 1in
physics to provide a source of maturation, later (Summers 1985,
55-61) proposed a co-ordinated 11-18 approach to the issue.
(Stephenson 1980) thought there was a danger of boosting physics

with a ‘gloss of electronics’. The value of the overlap was
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questioned by (Gosden 1984, 15) who suggested that if physics
graduates were required to teach an altered subject: "“There may
be a particular problem for physicists who have a background
restricted to physics and mathematics so far as integrated
science is concerned." Electronics requires the integration of a
range of activities (6.2), and its teaching at ‘0’ and 'A’ level
requires a different teacher approach to that traditionally used
in Physics although the work of (Pell 1984, 365) suggested that

seven type of physics teacher did exist rather than a single

type.

8.1.1.2 The A.S.E. recommended that Science Departments should
be 1involved with microelectronics giving in Section B7 the

following reasons:-

i) Introductory electronics is an extension of electrical
circuits which form an important part of sciences courses;

ii) A practical study of electronics and microelectronics
uses concepts from other branches of science teaching;

iii) Electronic devices can assist science teaching at least
as much as in other subject areas;

iv) The application of scientific principles and of micro-
electronics within industry can often be discussed in the same
context;

v) Those seeking a career in electronics and computers often
need science subjects as entry qualifications;

vi) Science teachers educated in recent years are more likely

than other teachers to have had contact with the new technology.
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The same vreport also advises scientists to become actively
involved in the appraisal of microelectronics within the whole |

curriculum.

Significantly (i) was suggestive of a Components approach rather
than the use of systems and it may not realise the potential of
Electronics in the syllabus. Reason (iii) was given earlier by
(Brander 1976, 665) who suggested that if the physics syllabus
was split on the grounds of overcrowding the need to understand
instruments may be missed by physicists and therefore enough

Electronics should be taught in Physics.

In general the reasons could apply equally well to Engineering
and C.D.T. departments and they do not afford a convincing case.
Indeed it is very dubious whether reason (vi) will apply to many
teachers due to the attraction of industrial opportunities for
anyone qualified in Electronics. (Wellington 1984) reported that
very few teachers were in teacher training for Computer Science

and it is probable that the same applies to Electronics.

8.1.1.3 The view of the J.M.B. expressed by (Gough 1983, 4) was
that the syllabus content of ‘A’ level Physics could not be
reduced to accomodate Electronics, also that the systems approach
of Electronics was nearer to Mathematical logic and was not 1in
common with the traditional approach of physics. The J.M.B;
considered that Electronics should be outside Physics to
accommodate the needs of Biologists and Chemists thus an AO
Electronics syllabus was developed. (Akrill 1983, 153) expressed

concern with the overlap between this syllabus and Phsyics but in
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reply (Gough 1983, 153-154) stated that in view of other benefits

the amount of overlap was not significant.

The AQ0 Electronics syllabuses often indicate that a teaching
sequence commences with devices and as such the AQO syllabuses are
closer to the physics tradition than 'systems’ courses. However,
the use of devices rather than ‘black-boxes’' also extends to pre
16+ study, (Brimicombe 1984, 26) described the use of breadboard
observing that ‘“working with real electronics components was
adding an extra dimension to pupils electronics education".
Without this experience he considered that students could miss
the point of related theory, a similar view emerges in 6.1.
Brimicombe suggested that the use of components introduced

students to problems hidden in ’‘black-boxes’.

i) the use of Not gates with D flip-flop to get a change on
the rising edge as in the text-book whereas catalogues 1list
rising edge devices.

ii) the use of decoupling capacitors to soak up stray pulses

in the supply rail of sequential systems.

Similarly (Ellse 1984) expressed the feeling that "the study of a
single active device such as the bipolar transistor provides a
firm background..."” For 'A’ level studies he described an
approach similar to that used during O0.N.C. Electric Physics
practicals twenty years ago and extended by (Cuthbert 1976) to a

design situation but now considered by many a little out-dated.
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8.1.1.4 Writers such as (Bevis 1983) described the educational
significance of advances in digital technology especially in
terms of data communication and processing and it was shown in
Section 6 that syllabus content was changing towards digital.
However other writers such as (Simpson 1984) commented on the
relative stagnation of analogue electronics a subject area
significant in everyday life in the form of radio, tape recorder,
TV etc. This subject area involves problems not found with
digital electronics such as spurious responses, distortion,

instability, and signal to noise ratio.

Thus it would appear that at both ‘0’ and ‘A’ level a compromise
will be established between the Systems and Components approaches
using both digital and analogue devices, 5o that any interested
Physics teacher should be able to extend their teaching
activities into Electronics. The growth described in Section 6

appears to support this view.

8.1.2 In C.D.T.

8.1.2.1 (Mead 1983) strongly reputed the claims of the Science
Department to a monopoly of the newer technological subjects such
as Electronics, Electronic Systems and Control technology. He
considered that technology departments should also be involved
with microelectronics being given access to materials and
training. Such an approach would allow technology to capitalise
on recent advancements at a time when there is a call for
technology in some form, to be on all time tables until the age

of 16: (T.E.S. 15-2-84) Also an approach could offer many of the
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reasons given in support of putting Microelectronics in the
Science Department, However, the Oxford Educational Research
Group reported a shortage of suitable teachers and (Rolls 1985,
433) reported difficulties in recruiting both engineers in terms
of the numbers qualifying and science in terms of industrial

salaries.

8.1.3 In many schools and C.F.E.s Electronics is 1linked to
Physics Dbecause of the common use of equipment, if equipment is
purchased with the needs of both Physics and Electronics in mind
then Dboth gain in terms of the range of equipment obtained and
the experience gained with it. However, the same staff may not

be suitable for both subjects as noted earlier.

Those staff who are involved with Electronics need to consider a
servicing vrole involving instrumentation in Science, control in
C.D.T./Engineering, and basic electronics in Information
Technology etc. Such a role may then evolve into an area of
common interest: Information Technology Education as described

by (Chapman 1983, 6}.

This last option 1s economic and attractive but should not
disguise the problems of persuading physics teachers to adopt a
different teaching style with Electronics and of attracting non-
physics teachers who have particular aptitudes into a 'team’

attached to Physics.

Recent letters to T.E.S. (10th May, p.18), prompted by a letter
by (Chapman, T.E.S5. 26th April), indicate that the debate on

where/how electronics is to appear in the syllabusis still a long




way from being resolved.

8.2 TEACHERS PROBLEMS

Conversations with teachers involved with the A.E.B. ‘0’ level
Electronics and on C.D.T. modules indicate that the project work

especially causes problems:

i) the range of projects in a class and the consequent range
of problems in construction and testing, highlights inadequate
equipment resources.

ii) many of the problems are outside of the scope of

conventional teacher experience, very often support facilities
such as reference books are either not available or the teacher
does not have time to read up.
iii) there 1is widespread uncertainty over the best teaching
approach so that basic conepts and skills can be introduced
before the construction phase of the project starts. The skills
'required are both manual and observational.

iv) during a project many issues arise which have an immediate
relevance to general theory and broader issues of application.
Unless the class are given sufficient time in a laboratory these

points can not be followed up.

Critics of project work would suggest that both those problems
and that of costs could be avoided if the project was omitted.
However, this would detract from the potential of the course

especially in view of the H.M.I. paper 'The Curriculum from 5 to
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l6’. The paper calls for an emphasis on ‘real problems’, student
involvement ‘at all stages of technological design’, students
exploration of ‘ideas in their own words’, ’‘curriculum areas
should complement and reinforce each other’ etc. The paper
groups skills into eight categories: communications, problem-
solving, observation, physical, study, creative and imaginative,
personal and social, and numerial. The project can enbrace many
of these features as described in Section 6, rather than be
omitted teachers should be assisted with the facilities required

for project work.

Assistance 1is vrequired in the form of advice or equipment,
literature, and teaching style. I.N.S.E.T. should build on
teacher interest, and providing materials etc., in advance, then
concentrate on problems mentioned during a suitably structured

course.

8.3 ASPECTS OF SAFETY

Safety is an integral part of Electronics teaching and should be
included where relevant throughout the course. The inherent
danger of electricity and the use of protection systems must be

made clear.

8.3.1 Various authors such as (Strother 1977, 315) gave details
from a biological perspective of the effects of macro- and micro-
stock. Typically at 120v ac dry skin with a total resistance of
100k n gives 1.2mA; this is painful but stunted through the body

tissue does not affect the heart. However, i1if either (i) the



contact vreistance is lowered by wetting or puncturing the skin,
or (ii) the voltage is raised, then at about 160mA death occurs
due to fibrillation of the heart. The Welsh G.C.S.E. includes an
option on Medical Electronics, and students studying such a
course should appreciate the special problems involved with
internal electrodes. The erroneous advances made in medical
practice in consequence of the improved electronics devices were
unofficially linked in U.S5.A., with the accidental electrocution
of 1200 patients per year (Strother 1977, 315). (Lacey 1982, 16)

also refered to such hospital deaths.

B.3.2 Protection systems include Earth Leaking Circuit Breakers
(E.L.C.B.s) (See Appendix).
The E.L.C.B.s do not:

i) operate due to overload, overload protection must be
ensured with the use of fuses.
ii) protect live to neutral faults.
iii) limit the fault current during the time taken for the

device to trip typically 30ms. (40ms at 240mA).

Such devices are wusually fitted in laboratories and are
recommended for use with portable equipment out-doors. A.E.B.
made a specific recommendation (080 Notes for guidance 4.2) that
E.L.C.B. protection should be provided when teaching Electronics.
_The devices should be regularly tested not only by using the
‘push-to-test’ button but also to establish that the voltage,
current and sensitivity ratings are correct. The check 1list

given by (A.S.E. Laboratory Safeguards Committee 1983) omits the
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latter tests.

If several outlets are used from a single E,.L.C.B., then students
should be advised of this fact so that if an E.L.C.B. trips they
will not alter potentiometer settings etc., possibly causing

their circuit to fail when the supply is restored.

8.3.3 Another safety precaution is the use of transformers,
(See Appendix).

The (A.E.B. 080 Notes for Guidance, 4.2) required that all mains
equipment should be earthed and have an isolating transformer;
the Addendum was more specific (see Appendix). It would seen
reasonable to require that all projects which wuse mains are
checked with an earth bond tester and at 500V ac with a
commercial tester and found to be satisfactory before being taken
home. Careful consideration should be given not only to the
rating of the fuse but also its type ie. fast-blow or slow-blow
depending wupon whether there are surge currents. Indeed the
action and purpose of the fuse can be usefully considered at
this stage to avoid the misconception that a fuse protects an

appliance from damage.

This misconception caused the Electricity Council to make a
special reference to the fuse in its Understanding Electricity

Programme: (Q.I.P. 1984),

8.3.4 To re-inforce the concept of safety and good working
practise students using low voltage supplies should be encouraged

to use power supplies which include a provision for present



voltage and current trip eg. IRWIN EJ 373.3, when first testing
their circuits. Also in line with the A.E.B. 080 Addendum it
would be preferable if the power supply units being used included
a mains switch and indicator. A range of laboratory power supply
units, both single and dual rail, are now available with much
improved line and load regulation compared with a few years ago,
but not all include a switch etc. There are also many
recommended stabilised circuits based on readily available I.C.s
which compare favourably in cost with commercial units eg. Edu
Elequip TL50 and Unilab 5v but complete evidence of ‘safety

practise’ is not always clear on the modules.

It 1is also relevant when using mains with projects to introduce
students to the danger of high resistance in the earth connection
of a main socket. The (A.S.E. Laboratory Safequards Conmmittee
1983) recommended the use of a Checkerplug. (Ellse 1977, 821)
criticised this test and suggested the use of the circuit shown

in Diagram 8.1.

i) connect across the line-earth. If the circuit is
protected by an E.L.C.B. then this should trip, if the circuit is
not so protected the light bulb should light at full brightness
and the voltage shown should drop by not mroe than 2v.

ii) repeat with the line-neutral to test for adequate

continuity in the neutral conductor.

8.3.5 Teaching staff need to be aware of hazards other than

electrical not all of which are given due attention:
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1) Although attention._. is..given.to.the..risk of _burns ..from .
soldering irons. and..of. the _electrical.safety,...indeed..low.voltage.

irons..are-often-specified. eg. W.l.E.C...Electronics..syllabus.,.very .

. little -data- is.- available.on.the.health..risk:-of:-flux.: -Hard:

soldering - uses- .a.flux-which. commonly.contains...a.. resin called
colophony:. (or..rosin). ....This is.a.skin.irritant.and..it:can.cause..
sensitization .ofﬁ-skin”andmlungsmAMﬁnidencedmfasmmasthmal"--Mos;:.
symptoms get. better once sufferers are. not.exposed,..but..once.. .a
person 1is sensitized . exposure.  to levels of.  fume. below the .

‘thresh-hold’ level will set off an asthma .attack...

This danger resulted in,aoldethfluxAbeingbpiaced on . the list  of
prescribed agents.for. industrial asthma, .(D.H.S.S.  Leaflet . NI
237/Mar 82 Occupational Asthma), _and.it.requires. that .sensible
precautions should-:be..taken.  The level of. exposure will be. brief
during practicail/project.work.but. for those. naturally at risk the
lighting -level. ..should.be.good. so _that .students..do.not need.. to

. lean .over. the work,..also..soldering .should..be carried out in a

-ventilated .area. ..

N B Increasingly students make their .own .printed circuit

boards, p.c.b.’s. -Precautions should be taken.-to avoid spillage
of etchant and solvents, protective clothing including goggles,
should be used when etching and fumes should be extracted.

iii) A- consultative.document was published.in.1984 on Health .
Protection Against the . Dangers.of Extra.Low Frequency Radio-
frequency and Microwave .Radiation. . This document indicated that

hand  held radio.. transmitters,...intruder..alarms. ..and. proximity .

devices.%maymbEmregandedpaSWhanmhgaaigBUThthezashouldvbe"designed
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so that they can not deliver greater than 4 watts per kilogram
body weight to the eye for long periods.

iv) Isolated capacitors will hold high voltages for 1long
periods of time; similarly in voltage doubler circuits capacitors
will hold charge at a high voltage level from an innocuous supply
voltage. In all such cases, capacitors should be discharged by
shorting them out before making contact.

v) Colour blindness can result in a mistaken identity of a
colour code, (Vokes 1980, 48) estimated that "Over two million
men in Britain alone may be at risk .... in the electronics field
these errors in colour identification are most noticeable." She
indicated that ’‘dichromats’ could make errors of 20% in handling
resistors. (Kavanagh 1978, 369) in a letter suggested that the
present colour coding for Electrical wiring was chosen to avoid
such defects, appearing for the colour blind as dark, light, and

striped for the live, neutral and earth wires respectively.

The Electronics syllabus for the Sunderland L.E.A., T.V.E.I.,
submission included colour 1identification insofar as it
introduced aspects of Safety and Career Aptitude.

vi) (Tully 1983) suggested that video display units, (v.d.u.s)
could cause "fatigue" problems. He indicated that the room
lighting requirements for the v.d.u. may not be compatible with
the requirements for other tasks within the same room;
recommednations for lighting, temperature, humidity etc., were
made. Although it is improbable that many problems will result
from the relatively short times of v.d.u. usage in a laboratory,

nevertheless 1f good working practise is to be encouraged proper
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working conditions should be provided.
As many students have home computers, it is important that bad
habits are discouraged in the laboratory especially as there may

be long term health risks not yet fully appreciated.

The N.U.T. recently refered to an A.P.E.X. report and to the need
to monitor professional and industrial illnesses caused by use of

microcomputers eg. video screens: (Teacher 1985).

8.4 LABORATORY EQUIPMENT: METERS, C.R.0.s AND MATCHING

Space does not allow a comprehensive survey of the range of
laboratory equipment available. New equipment continually
appears, usually at prices which represent a reduction in real
terms and with improved facilities. The rate at which this
equipment is being assimilated into teaching practise is
reflected in the changing recommendation of (Bevis 1978), (Grace

1981) and (W.J.E.C. 1984 Systems Electronics).

(Borcherds 1984, 125-127) wrote: "Rapid and continuing
developments in electronics make it necessary to revise
continually the teaching of electronics and to replace
obsalescent laboratory exercises." As examples of this change
the wuse of meters and the C.R.0. will be considered; in this

context some aspects of matching are also considered.

8.4.1 When Griffin and George introduced Mektronics kits for
the teaching of transistors the range of meters available was not

suitable for such simple experiments as common emitter amplifier
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characteristics. When meter ranges were.altered, the '‘loading-
error’ was significant in the total circuit and a discontinuous
stepped graph was obtained rather than a smooth curve. Digital
meters which became available in the 1950's became smaller and
more effective due to improvements in manufacture so that by 1975
meters such as the Fluke 800A were available at below £100. Now
it 1s possible to purchase a cheap digital multimeter so that a

student may no longer experience ‘loading-errors’.

At present a student may be provided with either an analogue,
‘D'Arsonval, moving coil meter at approximately £10 or a digital
nultimeter, at approximately £30 eg HUNG CHANG HC6100.
Observation of students and teachers show a clear preference for
the digital mutlimeter especially if it is autoranging. Students
dislike the need to choose the appropriate scale on an analogue
meter which has several different scales. Accordingly a simple

experiment may be presented at ‘O’ level:

An experiment such as the Summary Op-Amp requires the use of

three meters as shown in Diagram 8.2, see p, 20%,

If both V1 and V2 are digital meters reading voltages such as
100, 200 ..... 1000mV then experience shows that an analogue
meter can be used at V3 and the relatively weak students will
choose the correct scale and gain confidence. Also given that
Gain = %%N students can perform simple calculations and choose
the correct scale. Students can also be led to observe that the

analogue meter damps out the fluctuations. If such an experiment

is proposed then it is suggested that either some of the power
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supply units should provide variable voltage eg. IRWIN EF 392, or
they should 1link to a suitable boxed potentiometer eg. UNILAB

dual potentiometer.

To provide students with an experience of ‘loading-errors’, it is.
interesting to provide them with a ‘black-box’ containing a
diode, analogue meters and the necessary apparatus with the aim
of testing their equipment to determine whether or not it will
give the characteristic in a given text. When an incorrect graph
is obtained with digital meters, the students can be 1led to
realise that measuring instruments require energy to operate
them. Also the students can be introduced to a comparison of the
relative costing of meters.

Both experiments illusrate that the revision of teaching methods
to include to previous practises can lead to learning experiences
often excluded by modern apparatus: matching; and mathematical

scale conversion:;

8.4.2 As an ‘O’ level course develops the concept of matching
can be re-introduced especially through projects. Students and
teachers often report failure of their circuit whereas a mismatch

has occured.

1) for maximum power transfer, as when driving a loudspeaker
from an ouput stage of an amplifier, the output impedance of the
driving stage must equal the input of the stage being driven.

i) for maximum voltage transfer as when measuring a voltage
in a circuit or when a pick up cartridge or other voltage

generating transducer 1is uséd, the output resistance of the stage
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producing the voltage must be less than one tenth the input
resistance of the next stage.
iii1) for maximum current transfer the previous conditions are

reversed

Several syllabuses refer to the use of the Darlington pair,
emitter-follower, bootstrapping, and transformer for matching.
Insofar as widespread use is made of the Op-Amp perhaps use could
be made of the Op-Amp for matching: (Bishop 1974, 64), Diagram
8.3.

Most examination questions involve the Shunt-Voltage mode; the
A.E.B. 'A’' level Electronic Systems 1977 Paper 2 Question 17,
involved the Series-Voltage mode, but only as a problem on

feedback.

It is relevant at this point to note that within the syllabus the
transistor is used to provide simple calculations, an example of
a fundamental component, and as a lead in to a simple logic gate.
In terms of the latter applications, the digital content of the
syllabus dictates the nature of the analogue content. From an
analogue point of view, it wmay be preferable to omit the
transistor in some cases and use the Op-Amp. The Op-Amp has a
significant advantage in that it switches to Vsat rather than
involve ¢the variable value of Vbe of a transistor which can
present some teachers with difficulty in clearly identifying

logic 1 and 0 states.
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Diagram 8.3 Cont

Impedance change

TYPE. OF

FEEDBACK INPUT OUTPUT.
Series-Vbltage increased decreased
Shunt-Voltage decreased decreased
Series~Curréntﬂ increased inecreased
Shunt-Current .| decreased increased




8.4.3 Many teachers do not appreciate that digital equipment
can be misused or applied. A recent reference (E.T.I. 1984, 47),
included a warning that unless a meter shows true R.M.S. egq.
Thurlby, (also BEWA Model 3610 etc), it finds either average or
peak values and divides by a fixed factor. The meter may be no
good unless the waveform is sinusoidal and as many practicals and
projects involve square waves, this point should be made clear to
students by means of a suitable experiment. Significantly the
same reference mentioned circuit overloading by both

oscilloscopes and frequency counters,

8.4.4 The (W.J.E.B. 1985) equipment recommendations for Systems
Electronics included five double beam C.R.0.‘s for a class of
twenty students. However, at the price quoted the C.R.0.’s may
not provide the range of 10MHz recommended by (Grace 1981) and
consequently a C.R.0. may not be suitable for the range of

frequencies encountered in project work.

Although many centres standardise on equipment such as C.R.0.'s

it may be preferable to use a variety of models:

1) Students become more flexible in their use of equipment.
ii) C.R.0.’'s can be purchased which offer differing facilities
eg. TRIO (CS1575 has an X axis amplifier, the HAMEG 204 has . a
component tester etc.
iii) By spreading purchases over a period of years .the
inevitable problem of replacements may be more easily

accomodated.
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iv) A mix of 'good’ and 'not-so-good’ C.R.0.’'s will provide

the range of facilities required within a total budget.

8.4.5 The problem of frequency range can be encountered on what
at first appearances could be given as a simple ‘0’ 1level

experiment: the ring oscillator, Diagram 8.4.
The measurement of frequency allows the propagation delay to be

calculated using the equation.

f = 1
2(No. of gates) (propagation delay)

At ‘0’ level, the use of two I.C.’'s would seem a reasonable limit

so that seven gates could be used.

If 7400 L series I.C.'s are used a frequency of the order of 2MHz
is obtained but if the 7400 LS/3/H series are wused then a
frequency of the order of 10-15 MHz is obtained, outside of the
range being used by many centres. Using such a simple experiment,
students can be introduced to the significance of code letters,
the 1limits of equipment, also to the idea of using alternative

I.C.’s eg, five gates in a 74 L3504.

An extension of this experiment is to then disconnect the ring
oscillator from its power supply when the C.R.0. continues ¢to
display a signal of the order of several MHz. An ‘0’ level
student will afterwards be more cautious about the validity of
observations, an ‘A’ level students may be led to realise that in.

some way the ring oscillator acts as tuning aeriel to the C.R.O.
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A further extension to the experiment is to observe the display

using both the 10xl and 1x10 ranges.if a suitable C.R.0. ’is
available. These will @ often. _give.. differing amplitudes .
introducing the importance of using._manuals. to. check.. on .

calibration and matching.

8.4.6 Further demands on the C.R.0. are probable in the Medical.
Electronics option of the W.J.E.C. _proposals. When testing .
voltage signals from nerve and muscle cells the measuring
instruments needs "to offer an input resistance at 1least two
orders of magnitude greater than the equivalent source resistance
and to generate a bias current sufficiently. small not be disturb
the impaled cell or produce a significant offset potential.":
(Purves 1983, 31). The R.C.A., CA3130 offers an input resistance
of 1T with a bias current of SpA at room temperature in

contrast the 741 with its B00nA bias is unsuitable.

Thus at ‘0’ level students will be required to appreciate the use

of probes A C.R.0. can be represented as shown in Diagram 8.5a.

At 1MHz this circuit has an A.C. impedance of approximately 1k
and the output resistance of the circuit being measured could be
up to 100 . However, at 10MHz the output resistance would be
limited to 10 . To obtain an improved connection a passive probe
may be used eg. 10:1 attention as shown in Diagram 8.5b. and to
extend the band-width capacitive or inductive loading of the

C.R.0. may be used eg. capacitive as shown in Diagram 8.5c.
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The use of such probes requires trade-offs between rise-time. and.
signal loss so that active probes are preferable; these offer low
capacitance, high resistance and use a correctly terminated

cable.

At ‘A’ level, this consideration of test equipment leads to the
concepts of band-width and rise-time: A.E.B. Electronic Systems
Notes for Guidance 3.5, 3.e. A typical input capacitance of a
high quality amplifier is 4pF with a source resistance of 50M
giving a rise-time of 2.3Rc = 460 s, This is too slow for some
neurophysiological applications so the students may be introduced
to the concepts of matching, first using the emitter follower to
increase the input impedance and then with boostrapping to modify
the input impedance to a fraction of a pF which is satisfactory.

-



8.5 PROGRAMMABLE AND MEMORY DEVICES

One of the aims of the Information Technology Year and the M.E.P.
Programme was to involve school children in the wuse of.
microcomputers and related electronic devices. An editorial in
Wireless World, September 1982 urged the need for teachers to use .

the computer as an aid.

Other than . computer assisted learning and simulation, the
computers may be usefully applied. as laboratory instruments.
Also microprocessors may be used to create new concepts of
laboratory instrumentation. Constraints of time and space only. .

allow the instrumentation usage to be considered.

8.5.1 (Clark, Jones and Lambert 1982) described how they were

working on "a versatile instrument which can:

a) take the place of a wide variety of laboratory instruments
b) enhance the performance of existing instruments
c) automatically record a sequence of readings for later recall

at time intervals which can range from multi-seconds to days:
d) be wused to teach the elements of digital electronics and

control technology."”

Clark et al pointed out that modern microcomputers were unlikely.
to be either available in laboratories or suitable for this task .
because of their cost: "The instrument we are developing would -
cost a fraction of that of a typical microcomputer scheme."

(Lambert 1983, 38) later indicated that further reasons why the
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use of a microcomputer was considered unsuitable were the
problems of providing suitable interfaces and of writing

sof tware.

The programme was supported by M.E.P., J.M.B. and A.S.E. and led
to the development of a Versatile Laboratory Aid, the V.E.L.A.
which was made available to schools at half price support being
given by D.T.I. Undoubtedly the equipment is versatile, further
development to include different ROM, and EPROM increased the
range of applications even further to include use with a printer,
microcomputer etc. (Bodey 1984) described how the equipment could
be used in radiocactivity experiments as a rate-meter, also (Bodey
1985) 1its use with a Sonometer. (Panter 1984) described how a
V.E.L.A. was used to record energy levels across an interference
pattern and play the information back on a C.R.0. to distinguish

the contribution made by interference and diffraction.

The various V.E.L.A. manuals available were supported with a

quarterly Newsletter from February 1984.

Unfortunately conversations with teachers reveal little evidence .
of the wuse of this equipment in school laboratories even when
project briefs specify transients; as discount funding do not .
extend to F.E. that educational sector made little use of the

VQEILOAQ

(Sparkes 1985) 1in a consideration of the V.E.L.A. and other
programmes to develop equipment wrote "At the risk of becominq,;
very unpopular I think that all these were in the wrong .

direction."” He quoted the case of home computers being cheaper
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than V.E.L.A. and he observed how much economic factors had

altered.

8.5.2 The M.E.P. Analogue Sensor Manual gave details of
analogue interfacing for not only the V.E.L.A. but also general
purpose microcomputers such as the Sinclair ZX81 and Spectrum
models and the BBC B model. Software was given for the BBC B
insofar as it has its own built in ADC as well as other wuseful
features, but no software was given for the Sinclair models as
they may use any of several external analogue-to-digital
converters. The circuits were described as being made for about
€5 and capable of an accuracy within 2% with repeatability
roughly ten times greater. (Malcolme-Laws 1984) also provided
useful information on the use of microcomputers for data

collection.

8.5.3 The literature provides an impressive range of
experiments in the subject areas of Biology, Physics and
Chemistry.
Several experiments using the BBC B were described:

1) (Brankin et al, 1984): the use of several transducers with
the BBC B to obtain "appealing” and "convincing" graphics.

ii) (Watson et al, 1983): measurement of capacitor charge
decay; also given by (Miller and Underwood 1984).
1i1) (Roberts 1984): as an interval timer for linear air track
experiments.

iv) (Warren 1984): colorimetric analysis and curve fitting.

v) Marley 1984): demonstration of autocatalysis.



vi) (Baskett and Matthews 1984): computer controlled precision

titrations.
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8.5.4 References to the use of the ZX8l1 and ZX Spectrum were

also made:

i) (Penman 1984): 2ZX Spectrum for the investigation of
Newtons law of Cooling, giving details of a thermistor detector
and an Op-Amp amplifier; also the ZX8l1 and a laser to measure
distance.

ii) (Rossiter and Humphreys 1983): 2X8l1 in Chemistry to
observe a rate of reaction and in Physics to observe free-fall.
A Technomatic interface was reported to give "value for money."
iii) (Taylor 1984): 2X Spectrum with an I-pack interface to
plot a cooling curve for wax, capacitor discharge, and to
demonstrate simple control. Taylor commented on the cheapness of
this equipment. '

iv) (Swift 1984): gave an example of the industrial use of
the ZX Spectrum despite its reputation for dumping programmes and

he wrote "Don‘'t despise the humble home computer."

8.5.5 The use of a cheaper home computer offers several

attractive features:

1) its cost 1is compatible with a conventional science
department budget being much less than V.E.L.A., BBC B etc.

ii) its use may more probably build onto the students use of
a home computer and allow the students to continue work outside
of school: (Smith 1983, 367-368)

iii) if a suitable computer was chosen economically this might

under-pin the lower end of the market and reduce foreign
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penetration.

8.5.6 Mention was made of the problem of writing software:
(Lambert 1983) one of the aspects which were being considered
when (Harris 1983) writing of the use of the computer 1in
Chemistry stated "Many of us regard computers with trepidation".
What many science teachers would prefer is readily available
interfaces, probes and software that will convert a microcomputer
into a laboratory without a need for a knowledge of electronics

or assembly language programming.

They would prefer to be able to select a programme and then to
use the equipment as simply as either a conventional meter or a
data acquisition unit. The latter can be easily used to observe
transients but unfortunately units such as Phillip Harris Memory
Unit C49700/1 and Grant Squirrel Meter/Logger are more expensive
than the V.E.L.A. etc.

In the U.K. (Sparkes 1984) provided some laboratory programmes
for the 2X Spectrum and BBC B, and I.C.I. Ltd provided
experimental details using the Rexagon. Also firms such as
Griffin and George, Phillip Harris and Harley Systems provide
interfaces and software to allow the use of the microcomputer to
control laboratory equipment etc. Unfortunately, 1in many
instances complete facilities are only easily available for the
BBC B model. Even where a wide range does exist for the home
computer eg. G & G ZX, the total cost of the equipment 1is
relatively high in a science department budget and it can be

difficult to examine and use the equipment before deciding on a
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purchase. Some of this difficulty originates in the decision
mentioned previously of ‘a computer in every school’ and 1local
decisions, often taken several years ago, to standardise on the

BBC B Model.

If teachers are to have an ’‘ownership’ with the development of
ideas they should be allowed greater freedom to experiment and
try alternative equipment before deciding on policy. I.N.S.E.T.

courses should provide this facility.

In U.S.A. the Cambridge Development Laboratories currently
advertise software to convert a microcomputer into a laboratory
instrument. Also in U.S.A., Micro-phys offer software which
includes a range of laboratory experiments allowing students to
follow written instructions making observations as the computer
checks the data collected making calculations and providing copy

etc.

8.6 USE OF ’'SIMPLE’ COMPONENTS

(Bilsland 1985, 73) wrote of ‘IT Education’ that it was broader
than ’‘a computer in every school’. There is a danger that the
efficiency and versatility of laboratory equipment can distract
from the use that can be made of simple components. In the field
of chemistry and biology, one journal alone provided several

interesting uses of the Op-Amp:

1) (Stock and Walter 1976) used Op-Amps to construct a
[ A ™
differentiator to identify AE/AV , the second derivative at

the equivalence point. This approach contrasts with the use of a
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computer for titration by (Baskett and Matthews 1984) and the use
of the Op-Amp relates to the techniques of speed control in some
Electronics syllabuses.

ii) (Durrant and Bloodworth 1976) used Op-Amps in an electro-
cardiograph amplifier unit for use with C.S.E. ‘0’ and ‘A’ level
groups. This circuit uses Op-Amps as buffers, amplifiers and
filters; the device usefully allows the integration of Biology
and Electronics. Also the device introduces 'A’ level students
to a form of filter not included in their syllabus.

iii) (Jackson and McGregor 1978) described the use of an Op-Amp
pre-amplifier with a chart recorder.

iv) ‘ (Storie and Wham 1983) described an electron-direction
indicator which included L.E.D. and Op-Amps; for Electronics
students this provides an illustration of the application of a

simple comparator circuit.

Another example of the use of simple components rather than
equipment 1is in the demonstration of L-C-R effects. A sweep
generator may be used in this experiment and the envelope on a
C.R.0. provides the shape of the L-C-R frequency chracteristic.
Using either a sweep generator eg. Thandar TGl02 or a V.E.L.A. a
ramp voltage is required to obtain the sweep and the laboartory
bench 1is very quickly covered with a range of equipment. An
alternative procedure is to use a voltage controlled oscillator
I.C. ﬁith an integrator; (Sutcliffe 1979) described a circuit

which may be adequately extended for this purpose.
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Thus the use of simple components can allow the students to
relate applications to topics within a syllabus while at the same
time integrating ideas/applications etc., from other subject
areas. This activity relates usefully to project work and has
the advantage of reduced cost compared with the use of purchased

equipment,

8.7 JOURNALS AND TEXT-BOOKS

The 132nd Edition of Berns Press Directory published 1984 U.K.
states in its Introduction: "Maqézines supporting the microchip
revolution dominate the new titles listed 1in the Periodical
Section this year; a wider selection of these titles is published
in the U.K. than any other country excepting U.S.A." The
Directory included 6,500 titles of which 322 titles were wunder
audio, Visual, Computing and Electronics headings. 63 of the 322
were new since the last edition of the Directory published 1983.

The more popular titles are described in the Appendix; details
are given also of other journals which are often available in

public libraries etc.

The Adult Bureau of Circulations limited by Guarantee circulation
figures for the more popular journals covering the period 1979-84
are given in Table 8.1. These circulation figures show a
consistent decline for most journals, a significant exception
being Sincalir User, this is shown dramatically in Graph 8.1.
Should the decline continue then some titles may cease

publication. ({Johnstone 1984) made the same point in connection
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with the microcomputer magazine market.

Just as schools are directed to certain apparatus by Government
discounts it would seem sensible to direct schools to certain
magazines so that the schools can reliably accumulate a reference
facility. Also as losses do occur due to pilfering, accidents,
mis-placed student enthusiasm etc., it would seem sensible to
direct attention to those journals which are available for
reference 1in the region. A list is given in the Appendix of
those titles available in Tyne and Wear. 0f the centres 1listed
the Central Libraries at both North Tyneside and Newcastle are
suggested as being particularly good in electronics and coin
photocopying facilities exist. The Newcastle College of Arts and
Technology 1s not open during the Summer months. Newcastle
Polytechnic opens 9.00am - 5.00pm Monday to Friday during the

Summer months.

Although there are only a few text-books which broadly cover any
of the Electronics courses considered, there is a very wide range
of books suitable for use within the courses. Most of the G.C.E.
Boards recommend a reading list but generally they omit any
reference to text books prepared for T.E.C. courses eg. Pitman
publish several useful books on Electronics and on Radio Systems
written by Green. Faced with restricted funds available within a
department, and widely reported shortages in library funds many
teachers comment on the difficulty of making books available for

use on a course,



It would be useful if teachers could have the opportunity to
compare texts before making a choice and also if special funding
could be made available to enable sufficient provision of books

to be made when a course commences.

At present the A.E.B. Board use B.S.3939 symbols for Electronics
many other Boards and journals use M.S.806Bsymbols. In future a
new international standard given in I.E.C. Publication 617:12
Binary Logic Elements will be increasingly used, (Kampel 1985),
and teachers should be careful about the choice of text books in

the near future.

8.8 CONCLUSION

A considerable amount of information is available to the teacher
of Electronics but not all of the information is either readily
available or pertinent. Several literature sources are very
useful and as I.N.S.E.T. develops it should make an important

contribution.

It would seem unreasonable to expect every teacher to meet every
problem individually and it may be useful if L.E.A.’'s were able
to support local teachers groups for those involved in
Electronics. The social contact and sharing of problems would

assist in solving problems and giving the subject an ‘identity’.

The provision of I.N.S.E.T. needs very careful consideration,
teachers should not be regarded as '‘passive technicians’ and time
available for I.N.S.E.T. should concentrate on those areas which

cause interested teachers the problems.



SECTION 9. CONCLUSION

"Ad Meliora?"

"The ‘demise’ of U.K. Engineering capacity especially in its
international role 1is attributed by many to the fact that
Education never really attempted to assimilate ‘Engineering’ into
the curriculum; Engineering lacked a certain status and
‘'respectability’ compared with Science. It could be an economic
disaster for the U.K. 1if the significant new technologies were

now omitted from the curriculum."”

The recent Government initiatives appear to be a co-ordinated
innovation strategy designed to encourage the development of
technology, problem-solving skills etc., within the curriculum.
Several of the initiatives will accelerate the already growing
interest in Electronics, however the way in which this interest
will affect the curd.culum is difficult to assess. A key
determinant will be the provision of resources made vis initial
teacher training, I.N.S.E.T., equipment, 1laboratories, and
staffing. The 1level of financial commitment may be such that
L.E.A. s may need to encourage specialist provision (Edwards
1983, 15) on the bias of viable centres, L.E.A. s may have to be
more prescriptive, and L.E.A.'s may have to surrender some
autonomy 1if they are to respond quickly (Gwyn 1982, 364). An
example of the latter was the 1985 Budget announcement that the

Manpower Services Commission was to be invited to administer an
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in-service teacher training scheme to promote development across
the curriculum of the kind particularly related to T.V.E.I.
Similarly a re-think may be needed in initial teacher training to
encourage and instill those skills and concepts required in the

teaching of Electronics.

The rationalisation of educational provision to encourage new
technologies within the curriculum and new styles of assessment
should take full advantage of the new technologies.
Microelectronics should not be interpreted as narrowly meaning
computers, keyboard skills and games; as (Cuthbert 1981, 139)
wrote the "...microcomputer 1is not the only use for a
microprocessor." Microelectronics represents a significant
modern technology including Electronics as described in this case
study. Further, other subjects within the curriculum should
respond to include relevant information; a call for papers for
the Fourth International Conference on plastics in
telecommunications by the Plastics and Rubber Institute gives an
indication of the scope, (see Appendix). In the field of
computing, the recently formed Association for Advisors reported
general agreement that when the M.E.P. ends in March 1986 a
national support agency would continue to be needed in a
different form to M.E.P.:(Makins T.E.S. 15-2-85). Insofar as the
E.C.T. Domain of M.E.P. never had the same ‘strength’ as
computing it is doubtful whether a similar body will be formed to

press for continued support.

It 1is surprising that a pre-established strategy, such as that

of McMahon and Anderson, was seemingly followed. Any continued



support should have a grater flexibility to allow adaption to
emerging factors of growing economic stringéncy’ in schools,
changing availability of equipment etc. A close examination
should be made of the I.N.S.E.T. needs of both adminsitration and

teachers.

If the administrators wish to develop technolgies within the
curriculum, they can not continue to display ‘two-images’:
(MacDonald and Walker 1976) (see 4.3.3.1), one being to ask for
development the other being to leave the teachers of the new
technology to do the bargaining for resources in competition with
traditional subject areas. The administrators concerned should
be qiven the opportunity to recognise the problems of the rate of
change, and the material and staff resources required (Gross et
al, 1971) (see 4.3.1.2) - if not already given - so they can make
a coherent decision on the re-allocation of those resources
available. The administrators can encourage a climate in which
there is a tolerance and trust of new ideas, (see 4.3.4.6), and
which allows development to originate within Sections/Departments
(see 4.3.1.4). In making appointments, administrators may
recognise that although staff atrophy may not be critical:
(MacDonald and Walker 1976) (see 4.3.4.7), nevertheless the work
of (House 1974) (see 4.3.4.1) suggested that place bound staff
are more likely to support ‘difficult to adopt’ innovations than
career bound staff. The work of (Malone and Crone 1978) (see
4.3.5.9) also suggested that little real help may be given by
those who support a project seeking ’'escape from boredom’.

Some of the teachers I.N.S.E.T. requirements were given 1in
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Section 8.2, it is not enough to merely demonstrate, display and
describe either equipment or topics which teachers themselves are
quite capable of grasping. I.N.S.E.T. courses should be
concerned with:

i) instilling the concept and relating it to accepted areas:
(Rogers and Shoesmith 1971) (see 4.4.2.11) using a Normative re-
education strategy (4.4.9.1i1)

ii) strengthening a role identity (Williams 1966) (see
4.2.3); also (Miles 1964) (See 4.4.2.ii), perhaps by setting up a
'working party’ (see 6.3.1.3.vi).

iiid) dealing with ‘problem areas’, and individual needs (see
6.3.3.1.3.1iv) related to provision and use of resources, project
work etc. (Cane 1967) in a summary of I.N.S.E.T. provision

indicated the importance of ‘new’ and ‘developing’ ideas.

In view of the rate of change, the cost and novelty of equipment,
I.C.’s etc., teachers should not be expected to make decisions
only on the basis of information in catalogues. Staff whether in
schools or F.E. should be given the opportunity of ready access
to those resources which are available to determine the
suitability of ideas, equipment etc., 1in terms of the needs of
themselves and their school before decisions are made. If the
subject 13 to develop with the co-operation of staff, the use of
‘de-skilling’ packages does not seem a reasonable approach as
staff will then accept the materials and not the concept bceoming
merely technicians: (Nicholls 1983) (see 4.3.5.5, 4.3.5.8). Also

the present system of presenting 1local budget estimates,
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ordering, and virement may be seen as an outmoded accountancy
procedure which does not allow sufficent flexibility in a
situation where sooner or later equipment necessary for a course

will break.

The growth to date in Electronics reflects the commitment of
teaching staff; the impact of current Government initiatives and
the provision of suitable assistance to those staff who will
become involved in future may be expected to contribute to
further growth and new problems. What 1is required 1is an
imaginative view of how Electronics can contribute to the
curriculum in future and a flexible policy which will quickly

accommodate future problems and change.
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APPENDIX

C.PQVDEO
Category 2 - Technical Services
Cluster - Information Technology

and Microelectronics Systems



CATEGORY : TECHNICAL SERVICES
CLUSTER : INFORMATION TECHNOLOGY AND MICROELECTRONICS SYSTEMS
EXPLORATORY MODULE : THEORY AND PRACTISE

PRE-REQUISITES

Has undertaken introductory studies in the general categories of
"Technical Services" or "Business and Administrative Services" or

"Production” or "Distribution”.

RATIONALE AND PURPOSE

An introduction to Technology and Microelectronics systems

enabling:

1. Role exploration within Information Technology and Micro-
electronics.

2. Development of core skills.

3. Acquisition of entry level skills into employment.

4. Acquisition of transfer skills.

These purposes must be taken together with those for the project
module for Information Technology, and Microelectronics systems,
since the overall purposes of exploration are realised by the two

modules together.



LEARNING OUTCOMES AND REQUIRED EXPERIENCES

In real or simulated situations (including projects) the students

will:

l.

10.

11.

Have recorded experiences and learning in one or more
selected activities in a range of contexts of the cluster.
Demonstrate progressive achievements in appropriate core
skills.

Record development of his/her individual interests and skills
in selected components of the cluster.

Know and state the uses of information technology and micro-
electronics systems in each of the four contexts.

Explain the significance of information technology and
developments in microelectronics to the economy and the
community.

Appreciate the general features of Information Technology
and Microelectronics systems and how they are applied in
individual commercial and domestic situations.

Understand how a system is designed and implemented.
Understand how information is processed, stored, retrieved
and communicated.

Appreciate the need for security of information and
copyright.

Study and record the organisational structure of a local
information technology department/agency or microelectronics
company.

Review the range and scope of occupational roles in local

information technology and microelectronics agencies.



12. Know the employment and career prospects within the cluster
and assess his/her personal prospects.

13. Know and appreciate the expectations of employers in relation
to entry level workers in these fields.

14, Demonstrate the ability to re-deploy the skills learnt to new
situations in this or a related cluster.

15. Be able to idenitfy suitable modules for further exploration
or preparation studies.

SCOPE

The relevant cluster plan defines the cope of this module. The

outcomes above will be fulfilled through a study of:

1.

8.
9l

Information Technology and Microelectronics 1in Dbusiness,
industry and the home.

The effects of information technology and microelectronics on
the economy and on individuals.

Systems as Input, Process, Output : feedback.

Input devices, eg. Keyboard, optical reader, transducers.
Process devices, eg. analogue controllers, 1logic gates,
microprocessors, C.P.U.

Output devices, eg. printers, V.D.U. controllers.

Storage devices, eg. tape, disc: information transfer
systems: telephony, eg. Prestel; telegraphy, eg. Telex,
teletext; Radio, eg. satelite.

Nature of signals : analogue, digital, modems.

Software : applications packages, commercial and user



10.

11.

produced, eg. stock control, database, wordprocessing.
Simple programming : algorithm, testing, coding, data
preparation, debugging, documentation.

Laws and regulations governing health and safety, welfare

and security.

PROGRESSION POSSIBILITIES

Preparatory modules in Information Technology and Micro-
electronics systems.

Direct entry into specialist courses at craft and technician
level according to attainment.

Direct employment in industry.

Preparation for adult life.

RELATIONSHIP TO PROGRAMME AS A WHOLE

1.

This module must be pursued concurrently with the project
module.

Opportunities exist within this module for the development
of core processes, particularly those relating to personal
and career development as part of role exploration. Active
learning strategies as suggested in the module descriptor
will permit development of many other common core skills.
Will normally precede or run concurrently with preparatory
modules in the same cluster.

May accompany exploratory learning in another cluster.



The additional information below is for guidance of centres on

the interpretation and implementation of the module.

EXAMPLES OF ROLES FOR EXPLORATION

See cluster plan.

SUGGESTED TEACHING AND LE NG_APPROACHES

This module complements the asociated project module but provides
wider ranging experiences for exploratory purposes. The student
should be encouraged and guided to adopt active rather than
passive learning methods with the aim of generating autonomy and
a pro-active approach to learning. Active learning which may be

particularly appropriate to this module include:

1. Visit to school/college computer rooms and elctronics
workshops and discussion with personnel.

2. Visits to industrial and commercial installations followed
by reporting back to group.

3. Structured assignments relating to microprocessors and micro-
computers.

4. Study and interpretation of instruction manuals for
equipment.

5. Work experience/short attachments in the locaility.

6. Investigation roles in the locality.

7. Case Studies.

8. Visiting speakers from business and industry.

9. Films and videos on large scale installations.



10.

4]

Consumer surveys on the use made of microcomputers 1in
business.

Practical work in electronics.

Practical work with microcomputers.

Work sampling to investigate roles in an industrial and
commercial environment.

Simple project to collect and analyse and display data.

1.

Active learning methods should be supported by opportunities
for reflection and discussion of, experience to bring about
understanding of principles, concepts and generalisations.
The project module will provide concurrent opportunities to
apply and extend in some depth the knowledge/skills
generated in this module.

Students should have the opportunity to explore roles within

a wide variety of contexts.



CATEGORY : TECHNICAL SERVICES
CLUSTER : INFORMATION TECHNOLGY AND MICROELECTRONICS SYSTEMS
EXPLORATORY MODULE : PROJECT

PRE-REQUISITES

Related introductory experience, personal and vocational

counselling.

RATIONALE AND PURPOSES
Project modules are designed to ensure achievements centred on

locally developed projects. Their primary purposes are to:

1. carry the learning and application of appropriate core
objectives.

2. enable role exploration through direct structured
experiences.

3. ensure the development and application of generalisable
vocational skills.

4, develop autonomy and the acceptance of reponsibility.

5. develop employment entry skills.

6. give a basis for progression within and out of the course.

LEARNING QUTCOMES

The student will:

1. take responsibility for his/her own contribution.
2. take responsibility for a group outcome.

3. handle information.
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5.
6.
7.
8.
9.
10.

present an informed judgement.

respond to changing needs and circumstances.

select between alternatives.

proceed in a systematic manner.

manage and deploy time and other resources.

monitor and sustain an activity/process/environment.

complete a course of action/meet agreed targets.

SCOPE AND REQUIRED EXPERIENCES

1.

The module should encompass all key elements of project-
based learning:

selecting a topic/problem/product

research/feasibility study

problem solving/decision making

planning

production/activity/implementation

review and evaluation

recording/reporting/presentation

The module will lend 1itself to the development of
competences within all core areas particularly those
relating to problem solving, practical skills, social skills

and creative development.

RELATION TO PROGRAMME AS A WHOLE

The Project module should be pursued concurrently with relevant

Theory and Practice module.



POSSIBLE CONTENT AND APPROACHES

1.

The complementary nature of the Theory and Practice, and the
Project modules needs to be made clear. The Theory and
practice module provides experience across the range of the
activities 1in the cluster. It will generate knowledge of
practice across the wider field. The Project module allows
a study in depth of selected aspects of the cluster.
Although some of the same explanatory and core aims will be
addressed by both modules, more emphasis will be given to
the process objectives of the core in the Project module.
The project(s) should be substantial to give scope for the
learning outcomes to be achieved. Projects may be of
several types, such as, product based, service based, or
investigatory. Whatever their type, the projects should
acquire status, significance and commitment by adopting
approaches such as student negotiation and choice, the
fulfilment of actual demand/need and full opportunities for
feedback. The following examples of projects might be
appropriate:

(a) Prepare an illustrated report on the history and
development of information technology.

(b) Prepare a report on the flow of information in a
school/college and design a new system based on
available technology.

(c) Design and install a secuirty system including a

variety of detection and alarm devices.



APPENDIX

Ordinary National Certificate in Sciences - Northern Counties

Technicél Examination Council

Session 1965 - 66

Basic Physics 01 Section 3 Aspects of Atomic Physics
b. Release of electrons by heat, 1light, particle bombardment
and the action of electric fields. Deflection of an
electron beam in electric and magnetic fields, dtermination
of e/m, the electron volt. Introduction to thermionic and
semi-conductor devices (cathode ray tubes, static

characteristics of fiode and triode, junction rectifier).

Elective Physics 02 Section 1 Elements of Electronics.
1 ELEMENTS OF ELECTRONICS
Revision of properties of the electron and qualittative account

of the simple Bohr model of the atom.

Account of the constructional features of a thermionic valve
rectifier, together with diode characteristics. Range of
application of this type of rectifier with brief account of gas-
filled devices. Elementary account of semi-conduction. For of
construction and characteristics of p-n junction. Comparison of

semi-conductor and thermionic rectifier in terms of uses and



characteristics.

Rectification of an alternating supply. . Approximate estimation_,

of ripple output and elementary account of filters.

Explanation of the action of a triode. Valve parameters, their. .
definitions and their determination from static characteristics.

and dynamic methods.

Introduction to transistor as a circuit element. Comparison with

triode amplifier. Emphasis on circuit element values.

Simple R-C coupled amplifier, both valve and transistor, with
emphasis on the range of values of circuit elements for normal
audio applications, together with a sound physical explanation of

the function of each.

The C.R.T. ¢treated as an extension of the triode. Basic
constructional features and uses of electrostatic and
electromagnetic deflection types of tube. Uses of the C.R.0. as

a display and measuring instrument.
The simple gas discharge tube time base.

NB: Where possible the qualitative treatments should be
supplemented with the appropriate calculations, provided that
practical or physical points are illustrated and that the

mathematics is within the compass of the students.

(FOOTNOTE - For the significance of the asterisk see General Note

for Guidance No.2 on Chemistry and Physics Syllabuses.)



2. SOUND REPRODUCTION AND RECORDING

Acoustic resonance in a pipe. Simple account of room acoustics,
standing waves, and reverberation time and the factors which
affect it. Constructional features of the moving coil 1loud-
speaker. Account of the basic physical features of disc, tape,

and film recording techniques, their advantages and limitations.

The essentials of the pressure and the pressure gradient
microphone, together with an outline account of the basic

features of practical and audio amplifier design.

3. ILLUMINATION

Definitions of source strength and intensity of illumination.
Lambert’s cosine law. Comparative account in outline of types of
light source, range of application, styrength and spectral
distribution. Photelectric cells, review of types of and ranges

of application.

4. RADIOACTIVITY

Revision of nature and properties of the principal radiations.
Law of simple radioactive decay, half life. Qutline account of
the principle of operation of the geiger counter. Applications
illustrating fully the range of application of radio-isotopes.

Elements of radio-logical protection.



5. APPLIED HEAT

Qualitative review of the methods of measuring temperature, with
particular reference to those which have an electrical output,
leading to a brief account of temperature recording and control.

Principles of refrigerating machines.

6. HIGH VACUUM

Descriptive account of the principles of operation of the rotary
and the diffusion pumps. Brief outline of the physical
principles which may be employed to measure "low pressures", with
particular reference to the McLeod and Pirani gauges. Mention of
application of vacuum, technique to electron tube manufacture and

vacuum deposition.

7. PRINCIPLES OF INSTRUMENT DESIGN

Basic principles of kinematic design as applied to instruments
employing rectilinear or rotational movements. Uses of leaf
springs to eliminate backlash and friction. Uses of strip hinges
and twisted strip magnifiers. Spring energy stores and constant

torque systems. Reilient mountings.

NB: - This subject should be developed so that the student can
appreciate the basic points of good instrument design. It should
also give the opportunity for reasonable constructional sketches

of simple instrument movements.



By 1975

BASIC PHYSICS (01)

1. ELECTRON PHYSICS

Simple atomic structure, model; ionisation; spectrum; conductors
and insulators. Conduction of electricity in gases, liquids and

solids; charges and currents.

Descriptive treatment of semi-conductors, transistors, photo-
conductive cells.

(9 hours)

2 MAGNETISM AND ELECTRICITY

Quantitative treatment of the magnetic field due to a current in
a conductor and the forces due to interaction: permeability of
free space, relative permeabilities. Examples with reference to

simple motors, moving coil meters.

Linear and non-linear characteristics; conductivity.
Potentiometer cicruits (simple version, together with outline of
industrial types).

(17 hours)



BASIC PHYSICS (02)
1. ELECTRON PHYSICS

Forces on charges in magnetic and electric fields with reference

to e/m measurements, cathode ray tube.

Description of thermionic, photo-electric, secondary and field
emission of electrons with reference to practical devices,
including valves, vacuum and gas-filled, photo-multipliers and X-
ray tubes.

(14 hours)

ELECTIVE PHYSICS (02)
1. ELECTRICITY AND MAGNETISM

Conduction in Solids.

Energy levels in solids; differences between conductors, semi-
conductors and insulators; concept of the "hole" current flow:
Hall effect; impurity semi-conductors, p-type and n-type,

conductivity; effect of heat and light.

Ferromagnetism
Characteristics of ferromagnetic materials; susceptibility,
permeability; the hysteresis loop and its signifance; domains;

soft and hard magnetic materials, ferrites. The transformer.

Varying Electric Currents
Growth and decay of current in inductive circuits; charge and

discharge of a capcitor; time constant; oscillatory discharge.



Phasor approach to alternating current circuits, r.m.s. and peak
values (for sinusoidal waveforms); R, L and C separately, in
series, 1in parallel; phase difference, reactance, impedance,
power factor, resonance, Q.

(40 hours)

2. ELECTRONICS

Transistor and valve considered as an a.c. generator, equivalent
circuit of amplifier, input and output impedances, relative phase
of input and output, principles os positive and negative

feedback, including transistor and valve oscillators.

P-n junction and Zener diodes. Junction and field effect
transistors. Thermionic diode, temperature and space charge
limitations, cathode materials. Brief discussion of vacuum and

gas-filled triodes, multi-electrode valves. Cathode ray tube
construction, 1including description of electric and mnagnetic
focus