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Abstract

In our everyday lives we are surrounded by control
systems. Computer based control systems are becoming
increasingly important. The hardware currently exists in
the majority of schools which would enable pupils to
participate in computer based control.

Primary schools are beginning to recognise the potential

of computer based control. However, control does not
generally feature in the first or second year curriculum
in secondary schools, which only tend to provide

experience of it to fourth and fifth form pupils as part
of their examination courses.

This research attempts to establish whether computer based
control 1is a suitable activity for first and second vyear
pupils. It draws from the experience of many curriculum
areas and argues that the activities associated with
computer based control are consistent with the previous
experience of pupilss; that pupils would be motivated by
the activities and that they would develop procedural
understanding.

The thesis describes: a survey into ownership and use of
construction kits; a twelve week course in computer based
control; the resources which were developed to support the
course; and the trials of the course.

The research suggests that computer based control can
provide suitable activities for twelve and thirteen year
old pupils. It identifies a number of problems which seem
to indicate that when modelling pupils tend to operate at
an aesthetic rather than functional level, and that the
difficulty which pupils encounter with a task is a
function of the number of ’'steps’ involved in the task.
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Chapter 1.

An Introduction to Control Technology




We are surrounded by, and are reliant upon, control
systems. They are not recent innovations; they have been

used by man since he first began to develop technological

devices. Our current life-style and expectations are
attributable to our ability to control increasingly
complex devices., Control Technology is concerned with the

development and operation of control systems.

A control system collects and processés information in
order to control a device or process. Systems can be
described in terms of the information which is input to

and output from them.

Early control systems employed humans to collect
information. Someone would ‘"take the temperature’ of a
kiln, ‘'see how fast the windmill was turning’ etc. .The
accuracy and speed of these systems was determined by
the human operator. In order to maximise the efficiency of
a system and to minimise the running costs technologists
have contrived to reduce the "human element’ in control
systems and so, as technology has developed, it has

become possible for control systems to collect information

directly. This data collection is per formed by
transducers. A transducer'is a device which "converts a
signal or physical gquantity of one kind into a

corresponding physical quantity of another kind" (B51523).
This definition, as well as covering sensing devices such
as switches, thermisters and potentiometers, also covers
actuators such as motors and indicators which cause some
change to take place in the outside world. An ‘input’

transducer is one which provides information to a control



system and an ‘output” transducer is one which is

controlled by a system. A control system can therefore
be described in terms of three components; the input
transducers, the processing element and the output
transducers.

A control system

input processing output
transducers element transducers

!

The processing element of a system can take many different

forms. It could be a simple mechanism, an analog or
digital control circuit or a pneumatic logic system. With

any of these systems the required control sequence will

have been translated into either a mechanical linkage, an
electronic circuit or a pneumatic logic system. The
circuit will have been designed for one specific

application and without modification could not be used for
anything else. Such systems are therefore very limited in
their application and are relatively expensive as each one

is preprogrammed.

As  technology developed it was found that computers could
be used instead of these more traditional processing

components., The major advantage of using computers is

that they can be programmed to perform a specific task.
Should the requirements change the computer can
simply be reprogrammed. Rising labour costs in the Western

economies and the increasing number of manufacturing tasks



which need to be carried out in hot, heavy or toxic
environments have increased the demand +for automated

systems.

The advent of the microprocessor meant that a flexible

control element could be produced relatively cheaply. This

stimulated interest 1in, and demand for, increasingly
sophisticated control systems and has led to the
situation in which we find ourselves today - surrounded by

control systems. As society and industry comes to terms
with each new application of control systems, it discovers
many other potential applications and makes demands upon

technology for further developments in this area.

The general purpose microcomputer systems which are
currently in everyday wuse cannot be used in control
systems without some additional hardware. An  input

inter face and an output interface would be required. These

interfaces protect the input and output ‘ports’ of the
computer from” damage by incompatible signals or loads,
and enable the individual connections in the port to be

easily accessed.

A Microcomputer based Control System

input

transducerl ®linter face "|inter face| [|transducers

input computer output output

L




The majority of secondary schools and an increasing number
of primary schools will have the resources which would
enable pupils to assemble and test computer based control

systems.

The position of Control Technelogy_ _in__the school

In order to present a coherent picture of Control
Technology in schools we need to consider its development

in recent years.

The Project Technology pilot study, established in 1966,
aimed to increase children’'s technological knowledge and
skills and to make them more aware of scientific and
technical developments and the importance of these to
society. The approach adopted was based on investigation

and problem solving.

In 1975 a Control Technolegy module was developed as part
of this Project Technology package. This module relied on
relays, transistors, or pneumatics to provide the control
element, and on meccano for the structures and mechanisms.
It provided pupils with an opportunity to assemble control
systems which would "sense, warn, dispense, sort, repeat,

display, react, select or in other ways controcl a machine

or system". (Technology in Schoeols, 1982, p.8)



The most exciting developments were made possible when
rather than using the logic based system which was a part
of the Project Technoleogy course, models were built and
interfaced to a micro computer. By using the computer as
the control element, the range of activities was increased
while the actual knowledge of electronics required of the
pupils was considerably reduced. Rather than being an
activity for a minority of pupils who were capable of
mastering electronics, it become an activity suitable for

pupils of all abilities.

Although microcomputers had begun to find their way into
secondary schools in 1978, it was several years before
they began to appear in any numbers. In these early days
the scarcity of computers precluded the development of
pupil—-centred activities in computer based control. The
situation in terms of computing resources, generally
improved after 1983. This improvement can be attributed to
the Microelectronics in Schools programme (MEP March 1980)
and the TVEI pilot scheme (November 1982), both of which
emphasised the importance of information technology, and
fuelled the argument for more microelectronic resources to

be made available to the schools.

Having identified control technology as one domain of its
activity, the MEP was responsible for the development of a
number of resources designed to support Control
Techneology; the MFA Course, Control Basic, the control

language BITS, the BBC Buggy, the VELA and the Control

10



Pathways materials were some of the most notable
developments. These resources were designed to promote
control technology as a pupil-centred activity. Pupils

could become involved rather than simply being spectators.

Control Technology has been introduced into schools in an
ad—hoc manner. The emphasis placed upon it, and the manner
in which it is presented, is dependent upon the resources
available in the school and on the expertise and

enthusiasm of individual teachers. The majority of control

technology courses and activities have, until very
recently, been designed for pupils of above average
ability in years four and five of secondary education. A
review of the literature, including an on—-line

bibliographic search of the ERIC and NERIS databases, did
not identify any significant research into control
technology as a curriculum activity for 11 to 13 year old

pupils.

Elements of control technology can be identified in
science, technology and IT courses. A survey of the GCSE
syllabi offered by the NEA group for examination in 1988

showed that, in addition to being offered as a subject in

its own right, control technology also appeared in a
number of other subjects. I was able to identify aspects
of control technology in the <following syllabuses:-—

Computer Studies, Craft Design: Engineering, CDT:Design

and Communications, CDT:Design and Realisation,

CDT: Technology syllabus B, CDT:Technology, Information

Technology syllabus A, Information Technology syllabus B

11



and Science:Modular. I will need to draw from the

literature of these curriculum areas in order to support a

" number of my arguments

12
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"Man is a technological creature. In the beginning, he
used his natural gifts of intellect and dexterity to raise
his standards of life. He fashioned flint axe—-heads and
raised his capabilities for house building; he made fires
to cook his food; he made the plough to provide him with
regular supplies of food. His bows and arrows made him a
more efficient hunter: words, phrases and language helped
him to communicate with his neighbours." (School
Technology Forum,1973)

Primitive man used many things before he could understand
the general principles upon which they worked. By working
with materials "Artists and Artisans developed a pool of
knowledge about the ways of things and substances".
(Hindle B.,1980,p.14) This knowledge and the associated
craft skills were preserved by the practitioners. The
craft skills could only be learnt through working with the
materials. As man began to control devices and processes,
the skills which were required became more technical and
required an understanding of the technology which was in

use at the time. Technology has been defined as:-

"...extending to all the skills, knowledge and procedures
for making, using and doing things". (Tasker M.,1980)

This definition goes some way to illustrate the
contemporary view of technology. As well as being
concerned with knowledge, it is also concerned with the
development of skills and procedures. (Report of Survey of
Design and Technological Activities in the School
Curriculum, 1983, p.2) Technology is a creative activity
which should not be seen simply as applying the knowledge
which science has made available. It is an area of
experience in its own right. Rather than being dependent

upon science, science is often used to '"buttress the

14



empirical techniques" which have been developed by

technology. (Mathias P., 1972)

Science 1is often perceived as dealing with facts, or to
answer the question ‘is it true’; whereas technology is
more concerned with processes or in answering the question
‘how can it be done’. "The scientist is in general a
questioner of nature while the technologist manipulates

nature." (Hodgson B. and Scanlon E.; 1985, p.9)

15



A technological education

The literature presents differing views on how a
technological education should be delivered, and whether
courses in technology should be offered, or whether the
"main road to technological understanding" should be

through science. (Newton P.M., 1987, p.85)

Despite the claims made by Rogers that technology teaching
began in 1885 (Rogers R., 1985) only a very limited
number of schools included technical subjects as an
integral part of the curriculum prior to the 1944
Education Act. (Howard A. E., 1959, p.7) These technical

sub jects tended to be classed as craft subjects.

"School cra+ft departments developed using the techniques
current in skilled trades of the last century and were
largely staffed by skilled tradesmen with appropriate
educational qualifications. The techniques employed were
those current in industry, and the training was oriented
towards a ‘pre-apprentice’ type of pupil.”" (Mead T.,1983)
An investigation into technical education in Scottish
Secondary Schools in 1972 found that craft departments
often '"reduced the curriculum to a series of practical
exercises based on a number of joints". They suggested
that the implications of such an approach was that
"crattwork then tended to be dull and repetitive; and for

the majority of pupils lacked creative interest."

(Technical Education in Secondary Schools,; 1972, p.9)

16



A later survey of Technology in schools found that it was
common for headteachers to be critical of traditional
craft courses. (Technology in Schools, 1982, p.17) These
courses were considered to be expensive in capital costs,
capitation and staff pupil ratios. Woodwork and Metalwork
were not courses which were sought after by parents; they
were identified as ‘boys interests’, they had very little
acceptability in employment or in further education and
virtually none in higher education. Craft courses were
generally aimed at lower ability pupils who were 'good

with their hands’.

The relationship between craft and technology has always
been fudged and this is one reason why technology is held
in the same low esteem as craft. Many advocates of
technology in schools were wary of '"becoming associated
with traditional craft teaching, or with vocational
training."” ( McCulloch G.,Jenkins E. and Layton D., 19835,
p.122) In an attempt to promote technology as a
legitimate academic activity, teachers and technologists
have stressed the intellectual and cultural aspects of

technology.

This problem of image was addressed by the former prime

minister, J. Callaghan, in the Ruskin College speech in
1976 when he stressed the need to change social and
educational attitudes and, in particular, the need to
relate education more usefully to society and industry.
(Times Educational Supplement, 1976) It was hoped that

increased interest in science and technology would result

17



in increased enrolments. Such an increase would in turn
produce a larger scientific and technical workforce, and

would generally increase technical literacy.
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A_Scientific Education

We have suggested that the scientisty prompted by the
desire for a better understanding of his world, becomes a
gquestioner of nature. A study of science would
therefore help pupils to make sense out of their world.
The DES Policy Statement, Science 5-16 recommends that
"'science should have a place in the education of all
pupils", (Science 5-16, p.1, 1985) In the past when pupils
have been given an option, many have chosen not to take
science courses, and much of the blame for this poor take
up has been apportioned to the relatively poor image which

children have of science.

"At a personal level, -science is seen as difficult, often
dull, and not important in one’'s own life." (International

Encyclopaedia of Education, 1983, p.4451) It is seen as a

"hard’ subject at all levels from secondary to higher
education, and consequently, a situation seems to exist
where science is generally viewed as an '"important and

critical endeavour, but it is one to be pursued by
somebody else. " (International Encyclopaedia of

Education, 1985, p.4451)

This poor image tends to be self perpetuating. As a result
of the failure of science to attract . pupils, science

graduates have always been in short supply, and therefore .

in great demand. This shortage has resulted in many-

19



science courses in schools being taught by non-scientists

and has had serious implications for Science. A ‘non-—-
scientist’ who is made to teach Science because it 'has
to’” be included in the curriculum, is not likely either

to improve the image of science, or to increase the

numbers enrolling on science courses at any level.

Science is "concerned with things in our surroundings that
can be investigated with the aid of our senses'". This
means that the laws and principles of science, i.e. its
knowledge base, can be proved or demonstrated by practical
experiment. (Hodgson B. and Scanlon E., 1985, p.43) One
might expect that this would help pupils to understand the
sub ject matter, yet Dobscon cites evidence which suggests
that a wvery 1large number of schococl children do not
understand physics. (Dobson K., 1985, p.188) It is
appropriate at this stage to consider why pupils +find

science difficult.

An HMI survey found that most science courses concentrated
on science concepts and failed to provide either the
stimulus or the opportunity for the pupils to observe
applications and to become personally involved in applying
these concepts. (Aspects of Secondary Education, 1979,
p.172) This view is shared by the APU (APU 7., p.3), who

consider that "the standpoint adopted in most published

20



science courses is one in which the overall aim of the
course is predominantly concerned with the accumulated
body of knowledge of science and the explanatory power

which derives from an understanding of its key concepts."”

Papert argues that there are two ways of knowing:
"knowing-—-that" versus "knowing—-how" or ‘'propositional
knowledge" versus "procedural knowledge" or "facts" versus
"skills". (Papert S., 1982, p.135 ) Science gives greater
emphasis to the acquisition of information rather than to
the acquisition of information handling skills. (Stonier
T., 1983, p.101) Some people will enjoy "knowing that’.
However , in everyday life, information or knowledge has
very little value unless it can be applied to the solution

of some problem.

During the past twenty years concern has been growing that
the emphasis which science courses have placed on
propositional knowledge has not provided pupils with a
‘science education’. If this emphasis is considered along
with Layton's view that "much of science involves the
understanding of concepts which are highly abstract and
connected to observations only by complex 1logical and
mathematical relationships", it might be fair to conclude
that science is attempting the impossible. (Layton

D., 1973, p.19-23)

21



However there is a view that science is capable of
providing activities "in which the knowledge burden is not
as great, nor its acquisition seen as being the sole

purpose of the lessons" (Dobson K.y 1985, p.19).

A number of attempts have been made at improving the
image of science. The late 1950s’ marked the end of a long
period of stability in the school science curriculum and
the beginning of a period of rabid curriculum development.
(Hodson D., 1985, P.23) The common aim of these
developments was to make science courses more interesting,
more relevant and more practical. One significant result
of these developments was the Nuffield Science Courses.
The Nuffield project concentrated on developing materials
which would enable the classroom teacher to present

science in a more lively and motivating fashion.

These development were addressed principally towards the
more able pupils and were limited in their impact upon the
everyday attitudes and practices of the schools.
(McCullock G.,Jenkins E. and Layton D., 1985, p.191) The
priority appeared to be the training of ‘scientists’

rather than providing a science education for all pupils.

22



The Processes of Science

Leek argues that while many pupils are unable to reproduce
facts and information,; they can learn how to obtain facts
through familiarity with basic processes of science. (Leek
B., 1987, p-13) For science, as well as being concerned
with a body of knowledge, is also concerned with
scientific processes. The APU identify the processes of

science as:-—

"communicating (via prose, graphs, charts and tables),
observing, predicting, inferring, hypothesising,
interpreting, planning, investigating and problem

solving”. (APU 2, 1987, p.&)

and the existence and value of these processes has been
recognised for some time.

"the wvalue of science in education consists not in the
amount of knowledge acgquired concerning work done by
others, but in training the faculties both of observation
and reasoning on facts ascertained by the personal effort

and experiment of the pupil"(Board of Education report,
1209)

In recent years there has been a move away from the
teaching of science as a body of knowledge towards the

"experience of science as a method of generating and

validating such knowledge". (Hodson D., 1985, p.34) The
goal is that pupils should 'know-how’' rather than to
‘know—-that’'. One major advantage of this approach is that

more pupils should be able to succeed because the tasks

involved will rely less heavily on taught concepts.

23



Science courses have generally included some form of
practical work. One might have expected that the
practical work would have been designed to develop the
processes of science. However the APU point out that more
often than not, the purpose of this practical work has
been to illustrate the idea or concept under consideration
and not to develop procedural skill. (APU <2, 1987, p.6&)
Perry recounts a brilliant freshman scientist who was so
disgusted with ‘cook book’' laboratory exercises that he
took to playing variations on themes and finally provoked
his inmnstructor into blurting: "see here, there’'ll be no

more experimenting in this laboratory". (Perry W.G., 1970)

- The DES policy document Science 5 -16(1985, p.13) expects
that, in addition to teaching an wunderstanding of
scientific knowledge and ideas, pupils should have the
opportunity to develop scientific thinking and apply their
scientific knowledge to solving social, environmental and
technological problems. Many authors have stressed the
importance of exposing pupils to practical problem solving
activities in order that they might benefit from the
process of developing solutions to practical problems. By
placing greater emphasis on problem-solving, science would
then be able to deliver a science education to more pupils
than would be possible by employing the more traditional

methods.
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"Science and technology are intimately linked", and vyet
the relationship between science and technology has always
been uneasy. (Science 5 - 16, 1985, p.13) They have tended
to develop as separate subjects and in the process have
established new curriculum boundaries, rather than having
eroded existing ones. And yet there are many advantages to
be gained from co-operation between science and
technology. One such advantage was identified in a survey
into the attitudes of teenage pupils to technology and
industry which <found that in schoeols which had strong
science and CDT departments, and especially where courses
were based on practical experimental work , pupils
developed favourable attitudes. (Page R. and Nash M.,
1980) This co—-operative approach would also mean that a
wider range of expertise and resources would be available

to pupils. (Technology and School Science, 19846, p.28)

The Micro-electronics ‘revolution’ has focused attention

on the relationship between science and technology.
Technology has acquired a new importance and credibility
through micro—-electronics. Bevis argues that

collaboration between science and technology in schools

will be essential as "microelectronics is very different
from anything that exists in either department, and

because the complementary skills of the two are needed."

25




(Bevis G., 1985, p.110)

Control is a component of both science and technology, and
as both of these curriculum areas search for relevant
problem-solving activities it is likely that they will
place greater emphasis on control activities.
Consequently, a problem which includes some element of
computer based control is likely to have greater relevance
for the pupil and, in addition to providing pupils with
an experience of Information Technology, it will also

serve the interests of both science and technology.
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By requiring children to complete a period of formal
education, society attempts to deliver what it perceives
to be an education. This process, as well as providing
children with the knowledge, skills and attitudes which
will allow them to survive in society, also ensures that
the values of' that society are transmitted from one
generation to the next. To a large extent the values of
society will determine what is taught, and when it |is

taught.

The Agrarian and the Industrial Revolutions both had
profound effects on the societies of their time. Both
forced fundamental changes to be made to society and this
in turn influenced education. We are currently witnessing
an information revolution, and as a society we cannot
afford to ignore Information Technology.

"the people and the nations that don't learn to

participate in an information based society will be its
peasants.” (Cleveland H., 1986, p.62)

Schools "have a responsibility +to respond to social
changes" brought about by this technology. (The Curriculum
from 5-16, 1985, p.6&6) Thus, schools are being urged to
make pupils aware of the applications of information
technology, and to equip those pupils with the knowledge,
skills, and attitudes which will enable them to take
advantage of this technology. As control technology is a
major component of information technology, schools will

need to provide pupils with some experience of control

technology.
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The place of computer based control in the curriculum

In order to deliver an education, schools provide or
encourage a range of activities which comprise the
curriculum. The Curriculum from 5-16 identifies a

fundamental problem:

"There is so much knowledge which is potentially useful or
of intrinsic interest that syllabuses are often overladen
with factual content. — schools need to be highly
selective when deciding what is to be taught”. (The
Curriculum from 5-16, 1985, p.37)

This problem of trying to "fit a quart into a pint pot"
has become very apparent in recent years as the curriculum
has been constantly wurged to reflect the advances of
technology and the changing face of ocur society. Coates
describes the situation which currently prevails in

curriculum development in the area of technology.

"training and curriculum development are proceeding
concurrently. Changes are being made to the curriculum
before the full consequences ctan be worked out through
trials and careful preparations." (Coates B., 1982)

The current plethora of curriculum initiatives reflects
the importance which society gives to developments in
science and technology. In the past, "following a
technological revolution, a stable period allowed
educators to develop their methods ... Today the rapidity
of the changes does not permit such a luxury." (Sharon D.,
1986, p.21) It is not sufficient to argue that computer

based control should be a part of the curriculum without

also considering the value of the activities involved.
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The wor th of an activity can be judged by the
effectiveness of the learning experiences which it
provides. The effectiveness of these experiences will be
assessed in terms of the skills and competences they
develop and the awareness or understanding which they
promote. For learning to be most effective the Ilearner
must participate in, and be personally involved in an
activity. However if that activity does not attract or
motivate the pupil he will not become involved in it, and
the activity is therefore unlikely to promote effective
learniné. An activity must in some way convince the pupil

that they want to participate in it.

Unless the learner can see an "application for learning,
or unless he gains improved status or enjoyment from
possession of it, he 1is wunlikely to value that
knowledge", or appreciate its relevance. (Sparkes R.A.,

1986)

"The more that knowledge and skills learned in school can
be developed within and applied to activities that bhave
real purpose and place in the wider world, the more
clearly their relevance will be perceived by the pupils.”
(The Curriculum from 5-16, 1985, p.46)

Control Technology can offer a wealth of problems solving
activities which the learner perceives to be relevant and

which are consistent with their previous learning.
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Computer based__control builds upon what the child can

Ausubel suggests that the most important single factor in

influencing learning is what the learner already knows. He

advises us to: - "Ascer tain this and teach him
accordingly.” (Ausubel D.P., 1968, p.31) Any tutoring
system, whether human or machine has some model of what

the learner already knows. As the interaction between the
learner and tutor develops, so the tutor’'s perception of
- what the learner knows is refined. Our teaching and in
turn the learning environment which we engineer relies on

what we think the pupil knows.

It would appear that something is 'learnt’ as a result of
‘interaction’ between the 1learner and his immediate
environment. (Kolb D.A., 1984, p.23) 1f two people are
placed in the same learning environment it would be
unlikely that both would °‘learn’ exactly the same. How the
stimuli are interpreted will depend upon what they have
learnt previously, which will in turn affect what is
learnt in the future.

"every experience both takes up something from those which

have gone before and modifies in some way the quality of
those which come after " (Dewey J., 1938, p.35)

Children enjoy playing and are motivated to play. They do

not need to be taught to play.
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"One of the most important motivations of learning is the

Exploration or orientative drive - and this activity has
an important role in playing" (Grastym E. and Verecki
A., 1274)

From a very early age children investigate the environment
in which they find themselves and this interest arises
from their desire to control or use the things around
them. (Crowther Report, 195%9). Much of this investigation
and experimentation is seen as play by the child with
learning taking place when there is a need to learn, and

at the child’'s own pace.

Many of the toys and models which children encounter in
their play are becoming increasingly technological. It is
through experience with these technical toys that children

will get their first hands-on experience of machinery.

" The skills which children learn from these toys lay the
foundations of mathematics, scientific and technological
learning; they develop elementary problem-solving concepts
and introduce the language of science.” (Girls and
IT., 1985, p.4)

Perhaps the most important skill which is developed is the
intuitive approach to problem-solving. Most of the
learning which children bring with them to the primary
school will have been learnt through play. At the core of
most of the activities which they associate with ‘play’

will be some form of modelling.
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"Even at a very early age pupils can begin to gain
confidence in their ability to get to grips with the world
about them; to be active participants as well as users and
spectators. ——-—-— Such modelling can be readily extended to
provide some involvement and insight into the process of
technology; eg. designing a model crane which will
actually 1lift something." (The Curriculum Ffrom 5-16,

1985, p.35)

Computer based contreol relies heavily upon modelling in
one  form or another. The child might be required to
produce a physical model of a device, or to produce a
model of a process in the form of a control program. There
would appear to be many similarities between play and the
processes of computer based control. I would contend that
pupils would show similar levels of motivation towards
control activities as they would towards play and hence
control can fulfil one of the criteria for meaningful

learning, that is motivation.

That science is perceived as a difficult subject has been
attributed to an overemphasis on content and abstract
concepts. If, as Cusak suggests; a high percentage of
adolescents and young adults operate at the concrete

operational level, then many pupils will operate at this

level throughout their period of secondary
education. (Cusak M., 1986, p.95) Any course which is aimed
at pupils of all abilities should therefore not rely

heavily on abstract experiences and must take heed of

33



Ausubel ‘s advice that as teachers we should find out what
the pupils know and build upon that knowledge. Children
can play, they are motivated by play, and therefore
schools should endeavour to build upon the learning which

it promotes.

Control is capable of offering both concrete and abstract
experiences. The research of Cantu and Heron suggests
that even though the performance of formal-operational
students 1is likely to be greater on any concept studied,
the performance of concrete-operational students may be
quite satisfactory when concrete concepts are studied.
(Cantu L.L. and Herron J.D., 1978, p.141) By providing
-toncrete learning experiences, the less-able as well as
the more—-able pupils would gain something from the

learning situation.

This would be consistent with the view of Cantu and Herron

who argue that the use of models, illustrations and
diagrams, can help all pupils. regardless of their
intellectual level. (Cantu LL and Herron J.D., 1978,

p.142) Layton takes this further and argues that it is
through acquaintance with ideas applied in situations
which are meaningful and relevant to them that most

children can best approach an understanding of abstract

ideas. (Layton D., 1973, p.19)

It would appear therefore that modelling, in one form or

another, has a useful role to play in concept acqguisition
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Fegardless of the stage of cognitive development to which
the learner has progressed. Computer based control
courses would develop procedural skills based on the
child’'s experience of modelling. This approach would
ensure that any pupil, regardless of ability, would be

able to take an active part in problem-solving activities.

Current primary school practice tends to encour age
. practical ‘pupil centred’ activities. With these
activities the pupils have a goal, whether it is to do

some thing, to make something or to solve a problem. They
are not concerned about using some particular knowledge,
skills or toolsj they have a problem to solve, and they
use whatever tool they think appropriate, along with what
‘“they know’ or ‘can do’ in order to solve it. Here there
are no demarcation lines laid down by subject departments,
nor 1is there pressure from external examinations and, as
the curriculum 1is largely child-centered as opposed to
subject-centred, the pupils are not blinkered by‘ the

sub ject boundaries.

The HMI recommend that the work of pupils in primary
schools should "encourage the development of skills and
inventiveness in producing artefacts". They also recommend
that more emphasis should be placed on work in three

dimensions and suggest that some of this work might be of
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a "simple technological kind aimed at designing and making
things that work." (The School Curriculum, 1981, p.12)
With activities in control technology there is a "tangible
end product which is personal to the child". (Jones A. and
Preece, 1984, p.145) The child can bring the model to

life and exercise control over it.

"There can be few activities in the primary school that
provide more learning opportunities than building
controlled models.” (Hardwick S.,1986)

If there is to be continuity within the education system,
then secondary schools must build upon the work which
pupils do in primary schools. Despite the problem
highlighted in Science S5 - 16 (1985, p.-9), that
development in primary schools tends to be taking place in
a piecemeal fashion, an increasing number of pupils will
be arriving in the secondary school having developed
valuable problem solving skills, only to be fitted into a
subject based curriculum which, in many cases, does not
accord great value to technological problem solving

activities.

If all pupils are to 1leave school at 16 having some
knowledge and experience of technology it needs to be a
"compulsory part of the curriculum of all pupils”.
(Technology in Schools, 1985, p.27) Including a course
in computer based control in the first and second vyear
curriculum of secondary schools would go some way to
providing this experience. Such a course would also
address the problem identified by the HMI who found that

"the early years of the secondary school appear to be
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almost devoid of technological content in CDT courses".

(Technology in Schools, 1982, p.13).
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Computer based technology promotes problem-solving skills
In the preceding chapter, problem—solving was identified
as an important component in the child-centred curriculum
being offered by many primary schools. In the process of

solving a novel problem the learner will need to choose a

strategy. 14 (s)he bhas not encountered this particular
problem (s)he will need to search through the strategies
which (s)he has used previously and look for similarities

between the problem which (s)he is trying to solve and
those which (s)he has solved in the past. (SYhe will then
select a strategy which (s)he thinks will have the most
chance of success, and either by reasoning or by
experiment, (s)he will test his strategy. As (s)he
converges on a solution the success or lack of success
which (s)he encounters as a result of using the various
strategies will modify the way in which (s)he tackles any
novel problems in the future. In the process of problem-
solving the 1learner is exercising control over his
thinking. He is developing his problem-solving skills. If
a solution works, or is at least partly effective, the

child will gain confidence to tackle further problems.

By solving problems the learner has to think about how he
has solved previous problems. Through this process he will

come to a better understanding as to how he learns and

will hopefully become a more efficient learner. In order
for the learner to become a better learner, he must be
given the opportunity to practise decision making

regarding the selection and application of evaluation

strategies. (Baird J.R., 1986, p.226)
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"If there is a single, central lesson to be derived from

years of research on learning setsy,; it is that animals
(including man) learn generalised problem solving skills
through repeated experience with different problems of the
same type." (Cole M., 1977, p.81)

Computer based control is capable of providing a wealth
of problem solving activities which are relevant to the
child. By providing pupils with the opportunity to engage
in problem solving activities which are likely to motivate
them and in which they are likely to experience success
they will become more confident and more willing to tackle
more complex problems in the future. Through this process
they will hopefully develop more efficient strategies

along the way.

The way in which pupils approach a problem is important
when we consider the range and complexity of the equipment
which surrounds them in their everyday lives. A very large
proportion of society cannot attempt to wunderstand the
workings of the devices which they wuse. The domestic
washing machine is no longer a user repairable device, and
the car is rapidly following the same route. These
developments are increasing the feeling of helplessness
which affects many people, so that fewer people can now
pride themselves on being an expert on a particular

device, or on having the ability to repair it.

Considering the current pace of development in technology
it would be unwise to propose that an education system

should aim to educate people so that they can become
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experts on current technology. Today’'s technology is
already out of date. It could be argued that teaching the
majority of pupils about the components which are
associated with a particular technology would be of
limited value, and that it would be more useful for pupils

to develop a systematic approach to problem-solving.

The systems or black-box approach to problem solving
assumes that the solution is a system, and that this
system can be described in terms of subsystems (black
boxes). Each black box will perform a specific function,
and it is the function which that black box performs that
is the concern of the learner, not the contents of the
box. By devising a solution to a particular problem at
black box level the learner is in fact producing a model
of the problem, and as modelling is a process with which
he is likely to be familiar, he is therefore more likely
to experience success. By promoting this systems approach
to problem solving in a practical context through making
use of today’'s technology ( inside the black boxes) pupils
will acquire a functional understanding of the devices
which surround them in their everyday lives. As well as
going someway to demystify, technology this approach would
also equip pupils with an approach to problem—sclving

which would be useful regardless of the technology.
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Control as a Cross—Curricular activity

Computer based control is capable of '"crossing subject
areas with little respect for the subject specialist, and
can even extend both the primary and secondary
curriculum". (Bostock M., 1986, p.34) Ballerini suggests
that computer control presents an opportunity to bring
together and develop in a meaningful way a range of skills
and experiences which have been acquired in many different

areas of the primary curriculum. He considered that:-

"It enshrines the best of Plowden. It is, if you like, the
fruit of a co-operative, investigative approach. It
promotes learning. It allows the poorest to succeed in the
same area as the most able whilst being so open ended as
to be only 1limited by the bounds of the pupils’ and
teachers imaginations. In a world obsessed with computer
promoted unemployment children can learn how it is they,
who can be in control."” (Ballerini A., 1985, p.10)

It could be argued that as control is a component of
a number of different curriculum areas, it is by its very
nature a cross—curricular activity. The position of
control as such an activity is strengthened when one
considers that both Technology and Information Technology

are themselves seen to be cross—-curricular activities.

The value of cross-curricular activities is acknowledged
in the Curriculum from S - 16 (1985, p.10). This report
argues that unless each subject is taught with close
reference to others, there is a risk of "losing that very
breadth and ‘wholeness’ which most schools, in their aims,
under take to provide". Competencies learnt in different

curriculum areas can be used in the solution of a problem.
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Problem solving activities in computer based control would
give application to, and would "enrich and add interest to
what is taught in other subjects". (The School Curriculum,

1981, p.17)

It is clear that problem-solving is being given greater
emphasis as a curriculum activity, but in many instances
the resources available in a school will limit the number
of activities in which it would be feasible for pupils to
work on their own. This would almost certainly be the
case with computer based control. Pupils are becoming
increasingly involved in group activities, and although
often necessitated by limited resources, "most academic
teachers would agree that teaching and learning in small
groups has a valuable part to play in the all-round
education of a student" (Jacques D., 1984, p.xi) The
Schools Council identified "the ability to work in a
group" as one of the "handful of fundamental skills" which

allow pupils to learn. (The Practical Curriculum, 1981)

The main advantages of a learning environment in which
pupils work in groups 1is that members will have an
expanded range of knowledge and abilities to draw on and
through interaction within the group they will develop

ctollaborative skills. In a small group environment pupils

are less likely to be inhibited by the other members of

the group or by the teacher. They are therefore more
likely to use tacit knowledge and the intuitive approach

to problem-solving which they had developed though their
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primary school experience. Through this active
experimentation all pupils will develop procedural

understanding.

"The area of doing, managing and making is increasingly
being referred to as capability". (Toft P., 1985, p.26)

The Assessment of Performance Unit (Understanding Design

and Technology, 1982, p.2) define technological capability

in terms of twelve competencies, these then being
classified as either skills, value judgements or
knowledge. They conducted a survey of the teachers of 14-

16 vyears old pupils to determine which subjects aimed to
develop technological understanding and competency. The
survey also established to what extent each of the
sub jects aimed to foster each of the twelve competencies.
The results of the survey shows that of the five
competencies which they classed as skills, implementation
was considered to be a substantial aim in only a few
curricula areas. This would tend to reflect the low value
and status which has traditionally been afforded to

procedural knowledge.

This low status has contributed to the poor image of
Technology which was discussed in Chapter 2. Page and
Nash suggest that one way of improving the attitude of

pupils towards Technology would be for them to engage in
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practically based scientific work and problem—solving

activities. (Page R. and Nash M., 1980, p.é61)

I have argued that computer based control is a worthwhile
curriculum activity for twelve and thirteen year old
childreng that it could be introduced using
approaches with which they would be familiar; that they
would be motivated by the activities and that they would

develop procedural understanding.
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My hypothesis is based upon the premise that twelve and
thirteen year old pupils are able to handle the concepts,
procedures and apparatus associated with computer based
control systems. The absence of documented research into
computer based control at this level means that evidence
to support this premise would need to be drawn from the

experience of other curriculum areas.

The Micro—electronics For All (MFA) Course, although not
specifically designed as a control technology course,
does provide some experience of the principles of control.
This course is aimed at pupils from the complete range of
ability and does require pupils to handle relatively
complex apparatus. The course is based upon: four input
and three output transducers; the AND, O0OR and NOT logic
gates; memory and counter circuits; an interface and a
number of plug-in output modules. By using the basic logic
boards, pupils can assemble dedicated control circuits. By
using the memory and counter modules it is possible to
repeat a control sequence. The computer module allows the
transducers to be interfaced to either an RML or BBC
microcomputer. In this form it becomes a computer based
control system. Personal experience of the course and the
evidence provided by the schools’' trials of the Course
would support my premise that pupils would be able to
.handle relatively complex apparatus. (Microelectronics For

All File 4.)

Much of the .content of the MFA course 1is relevant to
micro—electronics or information technology courses but

is not essential for a course in computer based control.
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Introducing logic gates, counters and memory systems to a
computer based control course is to introduce unnecessary
complications. In order to test my hypothesis I needed to

"provide pupils with experience of computer based control

by means of a course of study, and, as 1 was unable to
identify a suitable course, it became necessary to design
one.

The_foundations_on_which_to_build_—-_A_survey of_ownership,

I have suggested that technological modelling might
provide the foundations upon which a computer based
control course could build. Children of both sexes and of
all abilities can be observed, from the age of 4 to 14+,

‘'playing’ with technical construction kits.

In order to establish what common experience pupils had of

technical modelling a survey was conducted of all pupils

in the first and second years of an 11 - 18 comprehensive
school. A copy of the questionnaire used and the data
which it provided is presented in Appendix 1. The table

below gives a breakdown of the pupils involved in terms

of ability and sex.

Ability Band

~Upper_ _Middle _Lower Total
Male 41 73 48 162
Female 62 87 28 177
Total 103 160 76 339
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The table below shows the number of pupils who had either
owned, or who had used, a construction kit. The kits
covered by the survey were LEBO, Meccano, Fisher Technic

and LEGO Technic.

Owned or Used a Kit

Ability Band

Upper Middle Lower Total
Male 40 Q7% 71 Q7% 47 Q7% 158 97%
Female 56 0% 86 98% 22 78% 164 <927
Total 96  93% 157 9% 69 won 322 94%

The data suggests that the majority of pupils had some
experience of using a construction kit, and that this use
did not depend upon sex or ability. Of the kits covered by
the survey, LEGD bhad been owned or used by 292 (B6%),
Meccano by 126 (37%), LEGO Technic by 51 (15%) and Fisher
Technic by 13 (3% ). More than half of the pupils (36%)
had either owned or used one of the more technical kits

(Meccano, Fisher Technic or LEGO Technic).

Pupils were asked to rate the kits in terms of how
interesting, or how difficult they were to use. Since
LEGO was clearly the most popular medium, the data

provided by pupils who had either owned or used LEGOD or

LEGDO Technic has been tabulated below.
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interest (A=339)

No. 7
Very interesting 52 15
Interesting 121 35
Average 110 32
Boring 29 8
Very Boring 15 4
( Ambiguous ) 12 -

Difficulty Level n=33%9

No. A
Far too difficult 1 -
Difficult 13 3
Average 71 20
Easy 134 39
Very easy 106 31
( Ambiguous ) 14 -

The majority of pupils (B3%) considered that the LEGO and
LEGO Technic construction kits to be of average or above
average interest, while 217 of pupils considered
them to be average or below average in terms of difficulty
of use. This first survey established that the majority
of 11 - 13 year old pupils had had some experience of
using construction kits and that more than half of the

pupils had used a technical kit.
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In order to determine whether pupils could follow
instructions and to test if they could employ the various
technical fitting techniques it was necessary to design
and administer three short practical tests. The LEGO
Technic kit was chosen for use in the tests both because
of its similarity with traditional LEGO, which many
pupils had experienced, and because of the technical

modelling which it allowed.

In order that the pupils involved in the tests should be
representative of the ability range, two pupils were
chosen at random from an upper, a middle and a lower
ability class in both the first and second years. A total
of twelve pupils took part in the tests. All three tests
were completed in a forty minute lesson. Pupils were
allowed a maximum of ten minutes to complete the first
test, a further ten minutes for the second and fifteen

minutes for the third test.

In the first test each pupil was given a LEGO Technic kit
(Technic 1) and a copy of a worksheet on which there were
photographs of 5 simple LEGD assemblies (Appendix 2a).
They were asked to make all of the assemblies which were
shown on the worksheet. In order to do this, pupils would
need to use all of the common LEGO Technic fitting
techniques. All pupils were able to identify and use the

necessary fitting techniques although some pupils took
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longer to ‘work them out'. Ten of the twelve pupils were
able to identify the various components shown on the
photographs, and were able to relate them to the actual
LEGD components. The other two pupils although able to
identify components of the correct colour and with the
required features, found it difficult to select components

having the required dimensions.

In the second test, the same pupils were asked to
follow the instructions given on a LEGO Technic worksheet
(Appendix 2b ). The instructions were in a graphic form
and described how a simple pulley system could be
assembled. Pupils encountered very little difficulty with
this test. They were able to read the instructions
(photographs/diagrams) -and were able to translate them

into LEGDO models.

The third test presented pupils with a sketch (Appendix
2c), which showed a box with a line drawn from it, over a
wheel and on towards another wheel. They were asked to
make a simple crane which would lift a standard LEGO
brick. It was suggested that the sketch might help them.
Pupils experienced considerable difficulty with this test.
It was obvious that they were aware of the function of a
crane and that they needed to use a winder and a pulley.
However, construction of the framework and the positioning

of the main pulley deteriorated into a trial and error

exercise.
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The data provided by these tests suggested that pupils
were able to engage in technical modelling when it was of
a prescriptive nature but that they encountered difficulty
when the modelling took a more creative or functional
guise. It was apparent from listening to the pupils that
they had a limited technical vocabulary, and therefore,
before proceeding further, it was necessary to establish a

vocabulary which could be used in the course.

iIn order to establish a technical vocabulary, a test was
devised in which 64 pupils were asked to describe a number
of LEGDO Technic components. The components were fixed to
boards (See Appendix 11a) and the boards were presented in
turn to all of the pupils. They were asked to describe the
components. The words which pupils used most frequently in

their descriptions have been listed in Appendix 11b.

The data confirmed that pupils did have a very limited
technical vocabulary and as a result they tended to
describe components in terms of their colour, relative
dimensions, shape and features. It was apparent that the
majority of pupils were not familiar with terms such as
‘gear *, Taxle’, ‘pulley’ or ‘'screw’. Indeed surprisingly
few pupils used the term ‘brick’, so that when describing
a standard LEGO brick, the majority of pupils would

explain that it was red and large, with very few pupils
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thinking it necessary to give actual dimensions. A number
of pupils did explain that it had two rows of four

bumps/humps.

Mechanisms play a major part in most computer based
control systems and as such would be part of any control
course. Whilst it may not be necessary for pupils to be
able to name mechanisms, it was felt important that they
have a ‘feel’ for what they do. Therefore, although a
limited vocabulary had not prevented pupils from
successfully engaging in modelling activities, it was
thought necessary to determine what common experience of

mechanisms the pupils had.

Fifty pupils from two second year classes, one a middle
and the other a lower ability band class, were shown seven
LEGD models (See appendix 12). Each of these seven models
was based on a different mechanism which were as follows:
a lever, a winder, a belt and pulley, a rack and pinion,
a straight gear, a worm gear and a bevel gear. Pupils

were asked three questions:-—

1) What does it do?
2) Where have you seen it before?
3) What happens when the handle is turned?

Question 1 in retrospect was a very difficult question and
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produced very little useful data. The results for
questions 2 and 3 are tabulated below. In question 2 there
was a tendency for pupils to describe the mechanism in a
‘it looks like a —— ' style. Answers of this type were not
accepted. Answers were only included in the count if it
was clear that the pupil bad associated the LEGD mechanism

with one which they had encountered in real life.

Pupils who recognised the mechanism (n=60)

No. A
Lever 41 68
Winder 39 65
Belt + Pulley 31 : 51
Rack + Pinion 12 20
Straight Gear B 13
Worm Drive 3 5
Bevel Gear 3 S

What happens when the handle is turned? (n=60)

No. A
Lever 32 33
Winder 25 41
Belt + Pulley 12 31
Rack + Pinion 18 30
Straight Gear 15 25
Worm Drive 12 20
Bevel Gear 21 35

The data suggests that pupils were more familiar with some

mechanisms than they were with others. They were most



familiar with the lever, the winder and the belt and
pulley and least familiar with the worm and bevel gear. It
was interesting that only 54 were able to recognise the
worm drive, yet 207 were able to say what happened when
the handle was turned. This trend was also apparent with
the bevel gear, the straight gear and the rack and pinion.
With these mechanisms pupils appeared to experience less
difficulty in understanding what they did at "the handle
was turned which turned a small cog, which moved the comb
(rack) along’ level, than when asked to relate them to

mechanisms which they were familiar with.

It was clear that pupils did not have a common experience
of, or interest in mechanisms. Certainly, the majority of
pupils did not share Papert’'s enthusiasm for mechanisms,
and it would be safe to assume that most pupils were
familiar only with the lever and winder. (Papert S, 1982,

p.vii)
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A_course_in_computer based control

The data provided by the survey and short trials would
suggest that pupils had some common experience of
technical modelling and some had favourable attitudes
towards such activities. It also identified creative
modelling and mechanisms as two areas in which pupils had
limited experience. However if a computer based control
course was designed carefully, this limited experience
should not present major problems, and it would be likely
that such a course could provide opportunities for pupils

to extend their experience in a meaningful way.

Accepting that pupils should be able to handle the
technical modelling element, it was necessary to determine
whether they could come to terms with the other major
components of a computer based control course. Such a
course would require pupils to use transducers, interfaces
and control programs in a problem-solving environment. In
order to assess how well pupils would perform in such an
environment and how well they would come to terms with the
concepts and apparatus involved, it was necessary to

develop a course and the supporting curriculum materials.

The course aimed:-—

1) to stimulate and foster an interest in, and an
enjoyment of technology;

2) to develop the skills and competencies which will
enable the pupil to engage in practical problem solving
activities;

3) to promote an awareness of control technology.
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It must be stressed that the course was designed solely to
assist with the validation of my hypothesis and as such
made a number of assumptions and compromises. The course
relied on skills, concepts and knowledge which would be
developed in many curriculum areas. It relied on a
knowledge of simple electrical circuits, of structures,
gears and mechanisms, and on a basic level of competence
in programming. A detailed outline of the course is given

in Appendix 3.

The course required that pupils should have access to: a
construction medium which they could use; a range of
transducers which were compatible with the construction
mediums; input and output interfaces which could be
interfaced to the available microcomputer systems; and a

suitable control language.

As a result of the data provided by the early trials LEGOD

Technic was adopted as the construction medium. The
remaining hardware requirements created a number of
problems. I was unable to identify any commercially

available transducers which were compatible with LEGO, and
so a number of common transducers were fixed on to
standard LEGD bricks. The transducers were selected so
that pupils could relate them to those which they were
likely to encounter in their every day lives. The

transducers were wired to 1mm sockets which were also

57






The BBC microcomputer was adopted for use in the course.
Although the choice of computer system was determined by
the hardware available in the trial school, it would not
be untypical of that available in the average

comprehensive.

Eight input, and four output interfaces were designed and
constructed specifically for the course. The interfaces
each had eight channels. The input interface was
connected via the user port, and the output interface to

the printer port on the BBC computer.

BITS, a programming language developed by the South
Yorkshire and Humberside MEP Resource Centre, was chosen
as the control language as it bore a close resemblance to
the version of LOGO which pupils had used
during their first year Information Technology Course.
While BITS is not an ideal control language as it has many
weaknesses and limitations, it was considered to be the

best language available at the time.

These resocurces meant that a LEGO model could be built,
the transducers mounted onto the model and then connected
to the interfaces. A control program could be written to
control the model. This approach allowed systems to

be rapidly constructed, interfaced and brought to life.
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The course was trialled in a seven form entry 11-18 rural
Comprehensive school. The schocol operated a broad ability
banding system in which two forms belonged to the wupper
band, three to the middle and two to the lower band. With
the exception of one middle band and one lower band form,
all second year pupils were involved in the "trials. The
course was followed by one hundred and thirty two pupils
and it was presented as a module of an Information

Technology course.

Assessment Objectives

In order to provide a ‘yardstick’® with which to judge the

relative success of the course, a number of learning

outcomes were established and are listed below.

Having completed the course pupils should be able to:

1 ) Identify, name and classify a given transducer,

2 ) Select a transducer for a given application,

3 ) Predict the effect of a given output code,

4 ) Predict the input tode which would be generated under
given conditions,

5 ) Design a control program to solve a given problem,

6 ) Enter and test a given control program,

7 ) Design and test a control sequence in order to solve a
given problem,

8 ) Amend a control program,
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? Design appropriate test data for a given control
program,

10 ) Design and assemble structures and mechanisms to
solve given or perceived problems,

11 ) Assemble simple structures and mechanisms from
written or graphic instructions,

12 ) Explain the function which would be performed by the
transducers in a given control system,

13 ) Assemble a control system from written or graphic
instructions,

14 ) Select, position and interface transducers in the
solution of a given or perceived control problem,

195 ) Demonstrate an enjoyment in the use of technology.
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Assessment of the Learning Outcomes _

In the absence of any established tests, a number of
questions/tasks were devised, some of which required
written responses while others were of a more practical
nature. The questions/tasks were compiled into four
written tests, sixteen practical tests and a
questionnaire. In order to help with the administration of
the tests and the analysis of the results, each test was
given a name ( e.g. "Transducer”, "Washing Machine" etc.)
Copies of the written tests are included in Appendix 4,
the practical tests in Appendix 3 and the questionnaire in

Appendix 6.

In general, the written guestions sought to assess how
well a pupil had come to terms with the concepts involved,
while the practical experiments were more concerned with
assessing procedural understanding. Assessment of
attitude was based on the results of the information
provided by the questionnaire, and on the observations of

the course tutor.

The course was presented in as practical a manner as
possible within the constraints of the timetable and
available resources. The style of the course tended to be
class based followed by group practicals. When working on

practical assignments or exercises pupils worked in groups
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of 3 or 4, except when the activity involved the use of an
output interface when the group size would increase to a

maximum of 7.

The course introduced a range o+f common transducers.
Pupils were encouraged to use the transducers to set up
simple cirguits and to discuss typical applications for
each of the transducers. A distinction was made between
transducers which provide information (input transducers)
and those which cause something to happen (output
transducers). The input interface was introduced as a
device which allows input transducers to be connected to a
computer and as means of protecting the computer. Pupils
were given the opportunity to interface a number of input
transducers and to enter control programs which would

display the status of the input transducers.

Pupils were introduced to an information processing view
of a control system, and they discussed the role of the
control program, the interfaces and the transducers. They
then took part in practical sessions in which they
developed and tested programs which produced given output
codes. Pupils devised and tested programs which switched

on, or switched off specified transducers.

Pupils were shown how it was possible to repeat a sequence
of instructions within a program, and how this would allow
them to output specified output codes in response to given

input conditions.
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Pupils investigated a number of applications in which a
motor was used to open or close, or raise or lower,
something. These applications tended to rely on a motor
which could be made to rotate in either a clockwise, or an
anti-clockwise direction. Throughout the course pupils
were encouraged to perform practical experiments and to
relate their activities to everyday computer based control

systems.

The course was presented by an experienced
teacher who had not encountered computer based control
prior to her involvement in the trials. She considered
that the majority of pupils had enjoyed the course and
that they had been motivated by the activities.
Moreover she reported that this interest and enjoyment was
common to both girls and boys, and that the less able
pupils appeared to enjoy the course as much as the more

able.

Early concern that the 1mm plugs which were used might
present some mechanical or handling problems proved to be
unfounded. On the whole the hardware proved to be very
reliable. The 1light sensor seemed to present pupils with
most problems in that they had difficulty accepting that

the 1light sensor should require four connections to be
made when all other transducers worked guite happily with

two.

The only major problem with the course was that the
thirty—five minute lesson severely restricted the

activities. Pupils had to be stopped from working!
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The Written Tests

The module was completed in 17 weeks. This included 3
weeks taken up by the written tests, 2 weeks by the
practical tests and 1 week by the questionnaire. As a
result of unforeseen circumstances it was only possible
to administer three of the written tests, "Transducer",
"Inter face" and '"Washing Machine". "Transducer" was
completed after lesson 2 , "Inter face" after lesson 10,

and "Washing Machine" at the end of the course.

The tests were conducted wunder normal examination
conditions, each pupils being given a question paper and a
sheet of +Ffile paper. Each test was completed within a

thirty five minute lesson.

Although 132 pupils took part in the tests, not all pupils
were present for all of the tests. "Transducer" was
completed by 124 pupils, "Inter face" by 100 and "Washing
Machine" by 118. The data from the written tests is
presented in Appendix 7. In order to assist with the
interpretation of the data, Appendix 8 and Appendix 9

shows the same data in a reduced form.

In the discussion which follows the data from the

individual questions is considered in the light of the
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data provided by Appendix B and 9, and the discussion is
organised around the learning outcomes listed at the

beginning of the chapter.

The pupils were shown a slide of all of the transducers
which had been introduced during the course. When asked to
name nine of the transducers (question 1 "Transducer'"),
three quarters of the pupils, (73%Z) were able to correctly
name more than 4 of them. Table 1 gives a breakdown of the

data in terms of the individual transducers.

Table 1

No. n=124

Light sensor 77 62
Motor 88 70%
Pressure switch 83 667
Magnetic switch 76 617
- Toggle switch 84 67%
Tilt switch 97 78%
Buzzer 81 657%
Bulb 83 66%
Micro switch 60 487

In the second part of this question pupils were asked to
identify which of the transducers shown on the slide,

were used for input and which for output. More than one
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half of the pupils (59%4) were able to correctly classify

more than 4 of the transducers.

Pupils demonstrated that, in addition to being able to
name £he common transducers, they were also able to name
the more obscure transducers ( i.e. the tilt switch and
the micro-switch), which they were less likely to have
encountered in their everyday lives. The data suggests
that pupils Ffound it more difficult to classify the

transducers than to name them.

Table 2 shows the number of pupils who correctly named and
classified each of the transducers. From this data it
would appear that pupils experienced the most difficulty
with the light sensor, the magnetic switch and the micro-

switch.

Table 2

Light sensor input 50 407
Motor output 76 &27%
Pressure switch input 63 22%
Magnetic switch input 46 3I8%
Toggle switch input 76 62%
Tilt switch input 62 21%
Buzzer output 63 S52%
Bulb output 75 617
Micro switch input 43 377%
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In question 1 and 2 ("Washing Machine") pupils were given
a sketch of a Washing Machine. Included on the sketch were
eight transducers. 5 of these transducers, (the level
switch, temperature switch, water valves [in and outl, and
heater), had not been specifically covered in the course.
The pupils were asked to classify the transducers as
either input or output. The results are tabulated in Table

4.

Table 4

On/off switch input 81 687%
Level switch input Q7 82%
Door switch input 98 83%
Temperature switch input B3 70%
Water wvalve(in) output 47 397
Water valve(out) output 60 S07%
Heater output 74 627
Motor output 81 68%

Two thirds of the pupils (66%) were able to correctly
classify more than 4 of the transducers. As all of the
input transducers were ‘switches’', one might expect that
pupils could have employed a selection strategy which
classified all switches as input, and which did not
consider the function of the transducer. This was not the
case with the output transducers. The motor, which pupils

would have encountered was correctly classified by 6B% of
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pupils. However, as they had not encountered the water
heater, pupils would need to think about its function
before they could classify it. 62% were able to classify

the heater as an output transducer.

Pupils could be expected to have some everyday experience
of a heater, but few, if any, would have encountered
electric water valves. The problem of classification was
further compounded in that one valve was labelled Water
(in) and one Water (out). Both valves ought to have been
classed as output transducers, and it is clear from the
results that some pupils did class the Water (in) valve as
input, and the Water (out) as output. However,; as more
than one third of the pupils (39%) were able to avoid
these distractions and correctly classify the Water (in)
valve, it would seem to indicate that these pupils had a

good understanding of what a transducer ‘is’ and what it

‘does .
Outcome_2_-__Select_a Transducer for_ a_given_ application.
"Transducer" described eight applications in which

transducers could be used, and asked pupils to select the
transducer which would be most appropriate for each
application. Two thirds of the pupils, (67%) were able to
select transducers for more than 3 of the given
applications. Pupils had to think about the phenomena
which would affect the transducer as well as its function

before being able to make any selection. The complexity of
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the phenomena which had to be considered differed in each

of the applications.

The roll-over warning question required an understanding
of a relatively simple phenomenon and as pupils had
already been introduced to a tilt-switch, which they could
easily relate to the problem, the majority of pupils

encountered very little difficulty with this application.

The applications which appeared to present the most
di++icﬁ1ty were those which involved the more complex
phenonoma, i.e. the depth-warning, the audible warning and
traffic sensing applications. It would appear that there
may be some relationship between the difficulty which
pupils encountered with an application and the complexity
of the phenonoma which had to be considered. It is
difficult to explain why pupils had difficulty with the

audible warning questions.

It is interesting to note that of the 84 pupils who were
present for all tests 24 correctly selected a transducer
for the depth warning, 28 for the audible warning and 17
for the traffic sensor. None of these pupils belonged to
the lower ability band. This might suggest that the

general ability of the pupils might have influenced their

per formance.
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Table 3

No. n=124

Tractor roll-over (tilt switch) 102 8O
Magnetic (magnetic switch) 74 39%
Propel a car (motor) 85 &8%
Street light switch (light sensor? 59 47%
Depth warning (pressure switch) 39 317
Audible warning (buzzer) 40 32%
Traffic sensor (light sensor)

(pressure switch) 27 21%

(micro—-switch)
That one third of the pupils ( 31%) were able to see that
the pressure switch could be used to provide a depth
warning demonstrated that the pupils were prepared to
think about the problem and to apply knowledge which they

had learnt elsewhere.

When given a sketch of a control system and an output code
{question 1a Interface) the majority of pupils (B74) were
able to predict the effect of the code in terms of which
transducers would be ‘switched on’ . Buestion 6 (Washing
Machine) presented pupils with a similar problem but was
more concerned with the implications of an output code.
Nearly three guarters of the pupils (74%) realised that
the effect of the code would be that the heater would be
switched on, though these pupils also realised that there

would be no water in the machine. In general this led



pupils to conclude that the heater would " have nothing to

heat".

Pupils experienced less success when they were asked to
predict the code which would produce a given effect. In
question S Washing Machine 607 were able to predict the
code which would cause the water (in) valve to be switched

on.

In their response to these questions pupils demonstrated
that they were able to predict the primary effect of an
output code and were willing to go on to consider the

implications of the effect.

Qutcome 4 - Predict_ _the _input__code__which__would_ be

Question 2 ("Interface") described a contrel system, gave
the status of the input transducers and asked pupils to
predict the code which would be generated. Nearly three
quarters of the pupils (73%) were able to predict the
correct code. It would seem fair to assume that the
reasoning required to answer this question would be very
similar to that required in question la. In both of these
questions pupils were either given the state of the input
transducers, or an output code, and asked to predict the

effect. They appeared to encounter very little difficulty

with this type of question.

"Interface" question 1la asked pupils to predict what
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state the input transducers must be in to cause the given
code to be generated. Here pupils were given the effect
and were asked to predict the cause. Generally pupiis
found this much more difficult than when they were given
the cause and asked to predict the effect, and only one
half of the pupils could relate the code to the state of
the input transducers. This is consistent with the results
from question 3 ("Washing Machine"). In order to answer
this type of question pupils had to work backwards and it
would appear that pupils find this type of reasoning quite

difficult.

Question 4b ("Washing Machine") added a fur ther
dimension to the "what caused this" style of question.
It asked pupils to predict the input code which would
cause the control program to generate an output code which
in turn would switch on the motor. 1In order to do this
pupils would need to have some understanding of the basic
‘cycle’ through which an automatic washing machine would
normally go, and would need to relate this process to the

given ‘model’ of a washing machine.

Pupils needed to realise that before the motor is switched
on the machine should be on, the temperature should be at
some predetermined level, the door should be closed and
the water level correct. This involves some relatively
complex abstract reasoning and, not surprisingly, pupils

found this very difficult as is illustrated in table 35 .

Table S
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What 1iPput cocde would cause the contrel program te switeh
on the motor,

Washing machine 4b

No. n=118
On/off switch oN 27 227
Temperature OK 26 217%
Door Closed 36 30%
Water Level Correct 26 217

It is interesting that the input which appeared to be most
important to the pupils was that the door should be
closed. The implications of the open door must have
had more impact on the pupils than washing without

sufficient water or at too low a temperature.

Outcome__S5__—-__Design_a_control program_to__sclve_ _a given

When asked to write instructions which would produce a
given output code, the majority of pupils (87%), gave the
correct commands (question 1b "Interface"). However, when
asked to write a procedure to solve a given problem, only
45 pupils made any attempt at a solution; of these pupils
only 17 were considered to have made a reasonable attempt
(question 2c "Inter face"), while only 2 pupils were able
to design a procedure which could have been considered to
be complete. However it is interesting to note that 10 of

the 17 pupils were also able to select transducers for the

more abstract applications.
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Pupils appeared to experience the same degree of
difficulty with this programming question as they did with

the more abstract transducer and code guestions.
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Analysis of the data provided by the written tests

The written tests provided data on three main aspects of
the course: transducers; input/output codes; and
programming. To help with the interpretation of this data

it has been compressed and is presented in Appendix 9.

As not all pupils were present for all tests, the
following analysis relies only on the data which relates

to the B4 pupils who were present for all of the tests.

The data suggest that:-

a.) Three quarters of the pupils had formed some
conception of a transducer, and, to varying degrees had
developed an understanding of the part which they played

in control systems.

b.) Four out of Ffive pupils had developed an
understanding of input/output codes and of the role which

they play in control systems.

c.) Three out of five pupils (64%) had developed an

understanding of transducers and of input/output codes.

d.) More than three quarters of the pupils (B7%Z) were

able to employ simple commands in order to produce a given

output code;

e.) The majority of pupils were UNABLE to design a program
which required the use of anything other than simple

command sequences;
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All of the 17 pupils who were able to make a
‘satisfactory’ attempt at writing a control program
belonged to the upper ability band. These pupils had also
mastered both concepts and were able to reproduce the

commands which would generate the required output code.

When dealing with conceptual ideas in isclation pupils
performed Qquite well; however when the ideas relied on a
number of related concepts pupils encountered greater
difficulty. As the reasoning became more complex or more

abstract pupils appeared to encounter difficulty.
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Chapter 6.

79



Administration of the Tests

The purpose of the practical tests was to assess how well
pupils per formed in a practical problem—-solving
environment and to identify any problems which they might
encounter with the apparatus required for such activities.
The tests presented pupils with a problem which they had
to solve using the available apparatus and resources. The

tests are included in Appendix O.

The 16 practical tests were administered to 120 pupils.
Each test was designed so that it could be completed in
approximately thirty minutes. They involved the use of the
resources and the programming language which had been used

throughcout the module.

Eight of the tests were completed during week 15, and a
further eight during week 16, of the module. The first
eight tests to be administered were:- "Build", "Reverse",
"Drive", "Buzzer", "Daybell", "Lawnmower", "Mechanisms",
and "BGate". These were followed by:- "Car", "Burglar
Alarm", "Railway Crossing", "Lift", "Traffic Lights",
"Bandit", "Automatic Doors", and "Conveyor"”. These tests
were presented to the pupils as practical projects, and

not as tests.

Each member of a class was allocated to one of the eight
projects, therefore each pupil would complete, in total,

two tests. Before attempting these practical tests
pupils had previously completed 3 written tests. Appendix

10 groups pupils together according to the practical tests
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which they attempted and includes details of their

performance in the written tests.

The allocation to projects was purely random, and
depending upon class size, generally resulted in eight
groups of between two and four pupils. On the few
occasions that classes had less than sixteen pupils, one
test would be omitted in order that individuals did not
work on their own. As far as was possible, within the
constraints of attendance, pupils would work in the same

groups for both of their practical tests.

The tests were conducted in a large computing laboratory
which allowed a generous working space for each test. The
apparatus which was required for the test was set out
prior to the arrival of the pupils. If a computer was
required for a particular test, it would be positioned
beside the apparatus and would have the control language
already loaded. The tests were observed and administered
by myself and the subject teacher. Throughout the tests
observations were recorded on prepared checklists or in

note form.

As each group was allocated to a project they would be
given a worksheet, directed to the apparatus, and
instructed to read the worksheet and to follow the
instructions very carefully. Most of the tests required
the pupils to record some information onto their

worksheet.
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Commentary on the Tests

In the discussion which follows, the performance of pupils
in the practical tests has been considered in the light of
their performance in the written tests. In order to
assist with this analysis the data from the written tests
has been grouped by practical test and is presented in

Appendix 10.

All of the groups which attempted the tests "Railway
Crossing", "Bandit" and "Buzzer" demonstrated that, when
given a listing of a control program they were able to

enter and test it.

The data provided by the written tests appeared to suggest
that pupils would encounter difficulty in writing all but
the simplest of control programs. Many of the practical
tests presented pupils with a problem in which they had to

design and test a control program.

"Burglar Alarm" presented pupils with a model of a house
complete with three input transducers and a buzzer. They

were asked to design and test a control program for the
alarm system. Four of the five groups attempted a
control program and three of these groups went on to

produce working programs. This conflicts with the data
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from the written tests which would appear to suggest that
only one of the groups should have been able to develop

such a relatively complex program.

It is interesting to compare the performance of pupils who
tackled "Burglar Alarm" with that of those who tackled
"Railway Crossing". Both of these tests could be
considered to be equally difficult. However, appendix 10
would seem to indicate that the pupils who attempted
these tests were of similar ability, that is, they had
performed equally well in the written tests. It would then
seem fair to assume that pupils would experience the same

level of success with both of these tests.

This was not the case. None of the groups which tackled
"Railway Crossing"” were able to produce a working program,
and, as an activity, this test did not appear to attract,
or maintain, the interest of the pupils. The groups had
ample time to design the program but they seemed to be
disappointed with the relative simplicity of the project

compared with some of those which surrounded them.

It would appear that the performance of pupils on these
two tests was in some way influenced by the intrinsic
interest of the activity. The interest or attraction
which pupils had for an activity appeared to affect their

motivation which, in turn, influenced their performance.

If the practical tests were to be ranked on their

motivational value, I would suspect that "Lift" would be

B3
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near the top. In this test pupils needed to construct a
winding mechanism, position and interface the transducers,
and to design and test a control program. In the time
available only one group progressed to the stage where

they could interface and control the winder.

As an activity "Lift" had something to interest all
pupils. Within the groups all pupils found that they had
something to contribute whether it was in the construction
of the winding mechanism or the design of the program.
While thirty five minutes was not long enough to complete
this test, I would argue nevertheless that this did not
detract from its value as an activity. The group which
did develop a program simply produced a test routine which
operated the winder and as such did not consider any

ipputs.

“Drive" appeared to motivate pupils to a similar degree.
All five groups made an attempt at a control procedure,
however in the time available only one group had
progressed to the stage where they tested their procedure.
The other {our groups were in the process of designing
quite sensible procedures when time ran out. Both "Drive"

and "Lift" were ambitious tests. However pupils appeared
to enjoy them and all indications led me to believe that

given time pupils would have solved both problems despite

their complexity.
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Although "Traffic Lights” asked pupils to write down the
codes which would produce the traffic light sequence, all
five groups interpreted this as requiring them to write
the control program. Contrary to Appendix 10, which
suggests that only three of the groups should have been
able to write a program, all of the groups demonstrated

that they were able to develop a program.

The discrepancy between what pupils might be expected to
be able to do, and what they were actually able to do,
deserves some investigation. The common factor in the
practical tests in which this phenomenon was ébserved
appears to be motivation, so that when motivated by an
activity, pupils appeared to perform better in practical
tests than their performance in the written tests might

suggest.

Despite having tackled a similar problem during the
module, pupils were interested in the problem and were
motivated to solve it. Under normal circumstances, if
pupils were presented with a problem which they had
tackled previously one might expect the ‘we have done it
before’ response. This was not the case with this
activity. The program to generate the traffic 1light
sequence was relatively simple, it did not need to
consider any feedback and was therefore well within the

capability of the majority of pupils.
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Pupils encountered more difficulty, and experienced less
success, as the programming component of a problem became
more complex. All of the five groups which tackled
"Reverse" encountered problems in the design of the
control procedure. One group which could remember the
sequence to reverse the motor, could not come to terms
with the logic required. Another group was reasonably
happy with this logic but could not produce the sequence
which would reverse the motor. The group from the lower
ability band was given considerable assistance and was the

only group to develop a working program.

Pupils encountered similar problems with the test "Car".
This test posed a particularly difficult problem, given
the 1limitations of the programming language. The three
groups which had been able to interface the model,
demonstrated that they could design a simple program which
displayed the state of the inputs. Appendix 10 would
suggest that two of the groups should have been able to go
on to write a control program to solve the problem.
However, none of the groups were able to design a control
program for this problem. The characteristics of this
problem would seem to define the upper ‘ceiling’ of the
range of problems which pupils could be realistically

expected to attempt.

Only one of the four groups which tackled "Daybell" were
able to design and enter a control procedure. This
procedure functioned correctly after early modification.

It is interesting that when presented with the same
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problem in the MFA course the majority of pupils would be

able to solve this problem by using logic circuits.

In all of the practical tests very few groups did any

preliminary design or planning before entering a program.

Dutcome_B8._ —_Amend__a_control program.

Three of the groups which tackled "Bandit” had to be given
considerable assistance in order to incorporate a loop
into the procedure. All of these groups realised that a
REPEAT instruction was required but were unable to use the
CHANGE command. Pupils encountered similar problems in
"Buzzer" when asked to modify the control procedure. The
commands which positioned the cursor during the editing
process were rather difficult to master and provided the
majority of the difficulty but, with assistance, three of
the groups were able to amend their procedure. What was
really a simple editing process proved to be very time
consuming. One of the groups introduced a delay of one
second (WAIT 10) rather than the required 10 seconds (WAIT
100). They realised their mistake and went on to correct
it.

Generally the pupils were very thorough and constructive
when testing their programs. In "Burglar Alarm"” the tin

foil presented an interesting problem as it produced a
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logical 1" when the foil was intact, and a '0° when

broken. This appeared to challenge their popular
conception of a transducer which would produce a ‘0O if
everything was ‘normal’ and a °'1° if something had
‘happened’. Only one group realised that an alarm bell

which could be switched off if the burglar closed the
window after breaking in, would be of limited value. This
group went on to refine their solution to eliminate this
problem, and discussed the possibility of delaying the

sounding of the alarm.

Two of the groups which tackled "Bandit" were able to
explain that the bandit was not random, another group
realised that something was not quite right but were
unable to explain what was wrong with the system. The
fourth group, which was from the lower ability band, were
so pleased with the model which they had brought to 1life,
that they were unable to conceive that there could be
anything wrong with it. The procedure which was given had
to be executed each time that the bandit was to run and,
this was seen as a limitation, as well as a nuisance, by
all of the groups. One of the groups, without assistance
or prompting, were able to modify the procedure so that it

ran continuously.

In the project "Lift", the design and the construction of
the winder took the lion‘'s share of the available time.

None of the four groups were able to design and construct
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a mechanism which functioned at their first attempt. None
of the groups made any attempt to desigm the winder on
paper prior to assembling it. Three of the groups were
able to produce a functional winder. The fourth group,
although they realised that some form of gearing was
necessary,; were unable to assemble a working arrangement.
The most common problem which was encountered was that
pupils would tend to increase the gear ratio, rather than
decrease it. One group attempted to introduce gearing by
increasing the diameter of the motor spindle, and then

wrapping the string around it, it didn't work!

0Of the three groups which produced a functional winder,
only one group went on to consider how the cage could be
lowered. This group, although aware that the cage could
be lowered by reversing the motor, were unable to test
their ideas on how to reverse the motor because as soon as
they disconnected the power supply, gravity returned the

cage to the ground floor.

Four out of the five groups that tackled "Gate" produced a
gate complete with functional hinges. Some of the hinges
were very ingeniocus, while others imitated the actual
hinges given to the groups as part of the project. The
group from the least able class spent the majority of
their time trying to copy the gate which was shown in the
photograph. They succeeded in producing the gate but did

not have time to design the hinges.
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All of the five groups which tackled "Lawnmower" set about
constructing something which looked like a lawnmower. None
of the groups attempted to design the lawnmower before
building it, indeed none of the groups really considered
the design requirements. Only one group went on to modify
their model so that it might have functioned. Another

group designed a cylinder type mower which incorporated a

motor and a switch, but which employed a direct chain
drive from the motor to the c¢ylinder. One very fast
lawnmower! Although this model looked like a lawnmower,

the cutting cylinder was simply a number of cogs fitted

onto a common shaft.

The groups appeared to pay more attention to aesthetics
rather than functional considerations. Two of the groups
produced models which neither looked like, nor had any
hope of functioning as a lawnmower, and yet both of these
groups, when questioned, thought that their models did
look 1like a lawnmower which they had seen. Pupils were

modelling a perception which was not the hoped-for

conceptualisation.

One group appeared to be very industrious and did build
many sub-assemblies, but each time they seemed to be

converging on a solution, they would abandon it and start

again.
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It is important to remember that pupils had not been

formally introduced to either structures or mechanisms.

Al though this omission was necessary for the purposes
of these trials, it was apparent that pupils did not have
sufficient experience to allow them ‘efficiently” to

solve problems by modelling. It is interesting to contrast
the ability of the pupils to model for enjoyment where
they were more concerned with visual similarity, i.e. "it
loocks 1like', and their ability to use modelling in a
problem solving environment. Pupils can obviously model at

the “looks 1like’ level but had difficulty at functional

modelling.

It appeared that their conceptualisation of a lawnmower
did not include many functional concepts. This could have
been because the application lacked relevance or because
the pupils had not developed the necessary

functional/technical concepts.

All of the five groups which tackled Build were able to
follow the LEGD assembly diagrams, and to assemble a quite

complex model.

"Mechanisms" asked pupils to match LEGO mechanisms with
photographs of ‘real’ mechanisms. O0Of the two groups from
the upper ability band, the first group were able to

correctly match seven, and the second group six of the
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seven mechanisms. Of the middle band groups, one was able
to match seven, and the other five of the mechanisms. The
group from the lower band was only able to match two of

the mechanisms.

The results are tabulated below:-

LEGO
mechanism
¢ n=7 )
Screw 4
Rack 3
Bevel gear 3
Lever 9

Straight gear 4

Winder 3

Eccentric 3
The second part of this test presented pupils with seven
‘black boxes’ each of which contained a different
mechanism. The input and output shafts or levers
protruded from the boxes and were the only clues to the
actual mechanism which was inside the box. The groups
were asked to match the hidden mechanisms with photographs

of ‘real’ mechanisms.

Of the two groups from the upper band, both matched five
out of the seven. OfFf the two groups from the middle band,
one was able to match four, and the other group all seven
of the mechanisms. The group from the lower ability band

was able to match four out of the seven mechanisms.
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The results are tabulated below:-—

Black Box
T Cae
Screw S
Rack 3
Bevel gear 1
Lever S
Straight gear 2
Winder 4
Eccentric S

Pupils demonstrated that they were able to relate a LEGO
mechanism to a real mechanism and that they could trace

the movement through a black box.

OQutcome__12. - Explain__the_ _function__which would be

The tin foil across the window in the Burglar Alarm
problem was new to the pupils, and yet, after an initial

investigation and some discussion, all of the groups

realised that if the foil was broken, this in turn would
break the circuit. Four out of the five groups used the
term ‘broken circuit’, while the fifth group were quite

confident that the computer would ‘know’' when the foil was

broken but had to be encouraged to consider how it would
know. Once they directed their attention to this “how’

problem, they very soon related the foil to a switch.

When, in the same practical test, pupils were asked to

explain how a light sensor could be used as part of an
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alarm system, three of the groups demonstrated that they
had some appreciation of the part which such a sensor
could play in an alarm system. This project tended to
encourage very lively and detailed discussions, which on
two occasions, suggested that some pupils were a little
too familiar with the operation of domestic burglar

alarms.

On the whole pupils were able to identify a range of
transducers and could answer the ‘how did the computer
know' questions. The practical test ‘Car’, prompted a
number of discussions on existing or potential automobile
control systems. The systems discussed ranged From the
seat belt warning light on the B.L. Metro to the seat
heater on a Volvo. One group engaged in a very lively
discussion as to why Volvo should not use a light sensor

to switch off the side 1lights during the hours of

daylight.
In Automatic Doors, all five of the groups were able to
locate the transducers. Four of these groups were able to

explain what information would be provided by each of the
transducers. None of the groups realised that the motor

connections should be reversed to open or close the door.

All four of the groups which tackled "Lift" realised that
the magnet fixed to the cage would operate the magnetic
switches, and that 1if these switches were to provide
positional information, one reed switch would need to be

positioned on each floor. Only two of the groups correctly
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positioned both the magnetic and the push switches, and
one of these groups went on to connect the push switch on

floor 1 to the magnetic switch on floor 2.

"Railway Crossing" presented a similar problem where a
reed switch was to provide positional information. Three
out of the four groups discovered very rapidly that there
was a magnet attached to the underside of the locomotive,
and that this would operate the reed switches which were
fixed to the track. The other group, while accepting that
the computer ‘knew’' where the locomotive was, showed very
little interest in the project and seemed to think that it

was not necessary to investigate further.

"Conveyor" showed that all +five groups were able to
position the motor and to attach the drive belt so that
the conveyor belt would operate. They had no difficulty in
connecting the motor to the power supply and in
demonstrating that the conveyor worked when the power was
applied. All groups were able to relate the point of sale
terminal shown in the photograph to the model conveyor and
to explain that the belt should stop when the groceries
had moved along to the till operator. However pupils
had difficulty in connecting up the circuit given on the
worksheet and it appeared that the circuit was difficult
for them to follow and the majority of the groups had

difficulty with the four wires required by the light

Sensor.
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OQutcome__13_ _—_Assemble_a_control_system__from__written_or

Pupils demonstrated that generally they were able to
follow graphic instructions, and to a lesser extent

written instructions.

Outcome_14_ - _Select, position_and_interface _transducers
Pupils encountered very little difficulty when they were
given either a diagram or a hhotograph of a system and

asked to interface the transducers.

All five of the groups which tackled "Drive" demonstrated
that they cquld follow written instructions and connect up
a fairly complex system. One group made the correct
physical connections but when it came to copying it onto
paper they showed the switches connected to the output

interface, and the motors to the input

0Of the five groups which tackled "Automatic Doors", all of
them were able to interface the input transducers. However
one group did connect a switch to an output interface, but
it was obvious that they had made a mistake when
connecting up the circuit, as they had intended to connect
it to an input interface. Only one group realised that the
motor, because it had to reverse, needed to be connected

to a ‘Motor output’ on the interface.
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The test "Conveyor" presented problems. Three of the five
groups had difficulty in translating the circuit given in
the diagram into an actual circuit while only one group
progressed onto the question which asked them to show how
the 1light sensor and motor could be interfaced to a

computer.

Two of the five groups which tackled the test "Bandit"
were able to read the given diagram, and to realise both
that the switch should not have been connected to an
output interface, and that the motor should not have been
connected to the input interface. Another of the groups

reported, quite correctly, that there was no power supply.

The practical tests demonstrated that pupils were able to
handle the apparatus confidently and with the necessary
care. Rather than being intimidated by the technology
pupils appeared to be genuinely interested and eager to
participate in the activities. From the observations of
the course tutor it was apparent that this 1level of
interest and motivation had been maintained throughout the

course.

The activities were such that all pupils had the
opportunity to contribute something to the group effort.
The pupils worked well in the groups. One pupil would put

forward an idea or hypothesis, it would be evaluated by
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the group and modified in the light of the discussions.
Discussions were often heated as pupils argued about the
limitations and relative merits of the proposed solutions.
The activities certainly encouraged interaction between
pupils and I believe that this interaction contributed to

the success of the activities.

The questionnaire, (see Appendix 6), was completed by
142 pupils who had completed a two vyear Information
Technology course. 119 of the pupils had followed a course
which included +the Control Technology module. The
remaining 23 pupils had feollowed the same course but
instead of taking the Control Technology module they spent
extra time on the File Processing and Word Processing
modules. The syllabus of the IT course covered the
following topics:— Communications, Programming , File
Processing, Word Processing and, for the majority of the

pupils, Control Technology.
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The data provided by the gquestionnaire has been grouped

by topic (module) and is summarised below:-

Including Excluding
Control Tech. Control Tech.
n =119 n = 23

Communications 1 o - o
Programming 14 11% - -
File Processing 17 14% 10 43%
Word Processing 13 10% 13 S6%
Control Technology 66 95% - -
Unable to classify 8

Including Excluding
Control Tech. Control Tech.

n =119 n =23
Communications s s A
Programming 12 10% 1 4%
File Processing 12 10% S 21%
Word Processing 17 147% 15 657
Control Technology 24 207 - -
Unable to classify 30 (writing etc.)
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Including

Control Tech.

Excluding
Control Tech.

Communications
Programming

File Processing
Word Processing
Control Technology

Unable to classity
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Findings

More than one third (394) of the pupils thought that
Control was the most difficult part of the IT course. If
this is considered along with the 55% who thought that it
was the most enjoyable topic, it might be fair to assume
that whilst being enjoyable it is also a demanding topic.
Pupils appeared to favour the most recent topic which they
had studied. In retrospect I believe that this apparent
bias was the result of the poorly designed
questionnaire. This poor design might also explain why, in

response to the question '"What topic did you enjoy the

least 7", only 57%Z of the 119 pupils had produced

responses which could be classified. The responses which
were not classitfied generally mentioned ‘writing’ or the

‘written tests’ (my tests!).

Desﬁite the obvious problems with the guestiocnnaire 1
believe that it has provided sufficient evidence to
suggest that pupils had enjoyed the course. This would
certainly be confirmed by observations of the course

tutor.
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Findings of the Practical Tests

The performance of pupils in the tests would suggest that

the majority of pupils were:-

a.) motivated by, enjoyed, and benefited from the
investigative problem—-solving activities which the course

provided;

b.) able to select, position and interface the
transducers to which they had been introduced and were

able, by following photographs or LEGD style diagrams, to

assemble control systems. However pupils encountered
difficulty when they were asked to follow written
instructions. or when they were asked to design

structures or mechanisms which were to perform a specific

function or solve a given problem;

c.) able to enter and test a given control program but
encountered difficulty when they were asked to design a
program to solve a given problem, or when asked to amend a

program.
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Chapter 7.

Conclusions.
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It was clear from the trials that computer based control
was capable of providing a range of learning experiences
which were consistent with the previous experience of
twelve and thirteen year old pupils. I argued earlier
that much of the understanding which pupils would have
developed from their early experience would be of a
procedural nature and this was confirmed by the
observations made during the practical tests. It was
apparent that pupils did have a working knowledge which,
in many cases, they were not able to express. They knew
how to make something happen but were unable to explain
why it happened or often how they had made it happen. In a
traditional curriculum this tacit understanding would be
given little value but to ignore this intuitive
understanding 1is to ignore much of the pupil’'s early
learning. The practical problem-solving approach used
allowed pupils to capitalise on this understanding, and
therefore to take a more active part in the learning
situation. As they experienced some degree of success
they become more confident, and in turn developed their

understanding.

Pupils were motivated by the activities which the course
provided. In Chapter 3, I argued that the intrinsic
interest which control activities appeared to have could

be either a result of pupils asscociating the activities

with ‘play’, or because they perceived them to be relevant
and therefore worthwhile. The models upon which the
practical activities were based were quite ‘rough and

ready’'. They were wooden frameworks to which transducers
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anc mechanisms were attached. Pupils were not frightened
by overly sophisticated models. They could relate the
basic framework to something from their everyday
experience and therefore the activity became relevant to

them.

Pupils appeared to perform better on the practical tests
than they did on the written tests. It was not possible to
identify one single factor which would explain this
improved per formance. However , the two ma jor
characteristics of the practical tests were that they
presented problems in a practical context, and that pupils

worked in groups.

I argued in Chapter 3 that by working in groups pupils
would have access to a wider range of abilities and
knowledge and could be expected to experience greater
SUCCcess. In the practical activities pupils would put
forward a hypothesis, it would be evaluated by the group
and then modified in the light of the discussion. Pupils
were keen to discuss the limitations and relative merits
of the proposed solutions and through this process they
would converge on a solution. These activities generated
purposeful discussion which in turn led to negotiated
decision making, and encouraged pupils to take account of
each other 's view. In addition to providing many
opportunities for language development these activities
also encouraged pupils to think about how best to approach

a problem.
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The trials demonstrated that computer based control was
capable of providing practical problem solving activities.
The range of possible activities meant that there were
appropriate activities for all pupils, regardless of their
sex or ability. Pupils were motivated by the activities
and the majority of them enjoyed taking part. This
enjoyment is often undervalued in schools. I would argue
that if a pupil enjoys an activity they will become more
confident, more prepared to experiment and therefore take
more from the learning situation. "the prime experience we
should give pupils must be that of success: confidence

first, doubt later!". (Dobson K., 1985, p.1%20)

The research highlighted a number of problems. The
problems could generally be fitted into one of two
categories. The first category would embrace the problems
which arose as a result of assumptions which had been
made about the previous experience or ability of the
pupils. The second would embrace problems of a more
fundamental nature which related to the understanding

which the course aimed to develop.

The course assumed that pupils had some previous
experience of programming, structures, and mechanisms. In
general, it was found that pupils did not have as much
common experience in these areas as had been originally
expected. The experience they did have had not been
developed in a problem-solving environment and was

therefore of limited value in many of the activities. It
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was clear from the survey that the majority of pupils had
used construction kits, but the evidence provided by the
practical tests suggested that although they were familiar
with, and proficient in the use of these kits, they had
difficulty designing structures or mechanisms to solve

particular problems.

It would appear that most of their experience would have
been gained by following detailed plans or through
aesthetic modelling where the model did not have to
perform a specific function. Wifh this aesthetic modelling
pupils constructed models which matched their perception
of the object or device. It was evident from the practical
tests that often this was not the hoped-for
conceptualisation. Pupils worked at this aesthetic level
even though the problem encouraged them to work at the
functional level. It appeared that pupils arrived at the
learning situation with a preconceived idea that modelling
was an aesthetic rather than a functional process. More
research is necessary to determine exactly how the
preconceptions that pupils possess might influence their
ability to engage in technological modelling. This - is
particularly important if, as Hashweh argues,
preconceptions take the form of procedural knowledge,
and that procedural knowledge is very difficult to change.
{Hashweh, 1986, p.229) It might be that, given more
curriculum time, pupils would have been able to confront
their preconceptions and then been able -to use their
preconceptions as ‘"building blocks".(Gilbert J.K. and
Watte D.M., 1983, p.b61). If this was the case such a

course would have much to offer technological education.
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A second assumption which had to be made at the time when
the course was conceived, was that pupils had a basic
knowledge and experience of programming in LOGO. It was
thought that the experience which pupils had with LOGO

would help when they were introduced to the BITS

programming language, and to a limited extent, this was
found +to be true. However, it was apparent that pupils
found programming difficult. Some of the problems which

they encountered could be attributed to the language used,
while others were related to the demands which programming
made on the pupil. In order to write a program the pupil
must conceptualise the problem, design a solution and then
translate their solution into a program. As the problem
becomes more involved so the reasoning becomes more
abstract. It was unfortunate that the written test "Dry
Run", which would have provided more data on the problems
which pupils encountered when programming, was not

administered.

There appears to be similarities between the problems
which pupils encountered when programming and those they
encountered when modelling. In both cases, as the
reasoning became more complex or more abstract, more
pupils experienced difficulty. This was particularly
apparent when pupils attempted anything other than the
simplest of programs or when they were asked to build a
model which would perform a specific function. In both
situations the burden of conceptual understanding could be
seen to be greater than in any of the other activities in

the course. As might have been expected pupils experienced

less success in these situations.
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It would appear that there might be some relationship
between the number of logical ’‘steps’ involved in a task
and the difficulty which pupils encountered with the task.
If the task was ’'simple’ enough for the pupil to be able
to see the ‘whole picture’ they appeared to perform
better than if they had to draw the picture together from

many concepts/ideas/steps.

I argued earlier that meaningful and relevant situations
would help pupils to develop abstract ideas. To a large
extent this argument has been supported by this research.
Pupils performed better than might have been expected when

they were motivated by an activity.

It was not clear whether the difficulties which pupils
experienced resulted from problems with the design or
presentation of the course material, or whether some of
the activities demanded a level of understanding which was
beyond that which twelve and thirteen years olds could
realistically be expected to bhave developed having

followed a six hour course.
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Recommendations

This research would suggest that computer based control
is capable of providing worthwhile learning experiences.
It would indicate that further research is required in
order to clarify a number of issues which have been

raised.

It would be important to establish what preconceptions
pupils bhave about modelling, and to identify when, and why
they had been formed. It is likely that this would have
implications for all stages of technological education. It
might be that the experience which pupils have of
modelling, inhibits rather than promotes the development
of technological capability, and perhaps contributes to
the poor image of technology as an activity. It could be
that the technological content of the primary curriculum
as well as many popular modelling kits needs to be

examined.

Fur ther research is required to establish what
programming competencies twelve and thirteen year old
pupils could reasonably be expected to develop. I would
recommend that a more appropriate language needs to be

identified or, if necessary, developed before this

research is conducted.
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Appendix 1.

Survey _of ownership__and__attitudes. _towards _technical
L



THE Ques Tionw AR €

Have you ever owned any of the these construction kits ?
LEGO ., MECCANO FISHER TECHNIC or LEGO TEChNIC

If you have ,write down the type of kit AND how old you were
when you first used it.

I+ you have owned any of these kits do you :

&) Use it everyday.
b) Once or twice a weelk.
=} Once or twice & month.
d? ot very aoften.

If you have not owned your own kit have you ever used any of
these kits

hed

LEGO MECCANO FISHER TECHNIC or LEGO TECHNIC

1f you have write down the name of the kit and your age when
you first used it.

If you have used any of these kits ; did you find the kit:-

a) Very interesting

b Interesting

cl of average interest
d) Horing

e) .Very boring

If you have used any of these kits , did you find the kit:-

Far too difficult to use

&)
b} Difficult to use
c) Average
d) Easy to use
e} Very easy to use
Draw & sketch of the most interesting mechanism ( something

mechanical which moves ) that you have ever seen.

On the back of the answer sheet draw a sketch of the most

lintereéting thing that you have ever made.
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Module:— Control Technology

Fre-knowledge This module assumes that pupils have some
experience of programming in LOGO and are capable of
assembling LEGD structures and mechanisms.

v

This module aims to:-—
1.2 stimulate an interest in, and an enjoyment of

technology:

L) provide - pupile with & practical introduction to
control systemss; . '

3.} provide pupils with an awareness of & range of common
applications of control technology:

“4.0) provide pupils with an opportunity to apply control
technology in the solution of real problems;

3.) promote an understanding of the computer as a general
purpose problem—solving tool.

Having followed this module pupils could be expected to be
able to:-

1.) demonstrate & functional understanding of the
component parts of & control system;

2.) demonstrate an awareness of a range of common
control applicationsg

3.) handle relatively sophisticated resources with
confidence and respects '

4.) assemble and test simple control systems;

S.) design and implement a solution (including the
control program) to a simple control problem.
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Content.
Transducers

Introduction to a range of common transducers. {(toggle,
slide, push, micro, magnetic, tilt and light sensitive
switches, bulbs, motors and buzzers)

Classification of transducers. {input or output, sensors
or actuators)

Discussion of where, in terms of devices/equipment which
the pupils are likely to come into contact with, and why,
in terms of what information they provide or what function
they perform, transducers are used.

2

The Input Interface’

Discussion of the need for, and the function of input
interfaces.

Demonstration of how input transducers are connected to
(interfaced to) an input interface.

Demonstration of the operation of a simple control system
consisting of:— an input transducer, an input interface, a
microcomputer and a control program.

Frogramming — a simple control procedure

Discussion of the role of the control program in a
control system.

Demonstration of the input patterns which can be produced
by & range of transducers when they are interfaced to a
microcomputer. '

Class eMercise -— prediction of the binary input patterns
which would be generated under given conditions for a
range of different input configurations.

Introduction to the concept of a channel and a bit.

12




Frogramming — how to enter and execute a control program.

Introduction tao, and demonstration of the following
commands: ~ Build, Repeat, Input, Again and End.

Freparation for a practical lesson. Classroom procedures,
revision of interfacing, the input window and the
operation of input transducers.

Fractical Session - input patterns

Fupils to enter and execute a given control procedure and
to record the input patterns which are produced under
given input conditions, or to predict the status of the
input transducers for a given input pattern.

A Conttrol System

" Introduction to a control system in terms of an  input
interface, & computer system, an output interface, a
control program and transducers.

Discussion of the function of an output interface.

Demonstration of the Set and Reset commands as a means of
producing an output pattern.

Class exercise - pupils to use the Set/Reset commands to
produce & given output pattern.

The Output Interface

Demonstration of the relationship between the value of a
particular bit in the output window to the state of the
output transducer which is connected to that “channel®.

Demonstration of how output transducers can be interfacing
and controlled. :

Discussion of the Repeat/Again command and introduction
to the Wait command as a means of introducing a delay

into a sequence.
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Fractical Session — Traffic Lights

Fupils to interface a set of “traffic lights®, and to
design, enter and test a control sequence.

Frogramming — Making decisions

Discussion of the decisions which have to be made by the
programs which control & number of common devices.
Demonstration of the I+f/Test command.

Class exercise -~ pupils to design and test a number of
control programs based on the If/Test command.

Frrogramming - Loops
" Discussion of & control application which operates
continuously highlighting the need for a programming

language to have a "loop” facility.

Introduction to & conditional loop ( Repeat N/Again
command) .

Fractical sessions based on conditional loops.

Frogramming - Reversing a Motor

Discussion of applications/devices which rely on a motor
being able to rotate in both a clockwise and an anti-
clockwise direction.

Demonstrate a control sequence which will reverse a motor.
Practical problem solving exercises

Fupils to work on a number of practical problems which
could make use of a control system.
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The Written Tests.
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Froject MNMame TEANSDUCER.

Wr— i te WL mname s FOrm amd the
FProject Name omn the top o-f YO
sheet o-Ff writinmng PpPaper .
1. 2>, Copy this table onto Y ouwur
wrritinmng paper =
Transducer Name Input /Output

fa

B

[

D

=

= PusH swiTcH INPWT

(=]

[ o |

I

J

[ e
Look at the =s=lide anmnd finmnd
transducer £ - You wi ll see that
it is =1 push Switach . A push
swi tach is used Ffor iNnput -
You will see that the first linmne

has been donmne for YO -

<

2. What does anmn
transducer do 72

3. What does =T o) output

tramnsducer do 7

I &S



R P Wrrite down the mnames of any
tramnsducer-s which you have scseenm
Bbwut which are mnot shoawnm om the
slide.d

.0 Copy &Sarmd complete these
sentences =

Y ow wi l1l seae that the fFirst
sentence. has beermn domne for you.

Transducer F_ could be used as

the switch for a door bell .

Transducer could be used to

decide when a tEractor 1s about to
ol 1 owver . :

Transducer — Ccan be oper-ated by
a magnet.

Transducer could be used to

make a model c & mowve Forward.o

Transducer could be used to

decide i F the street lights
should be switched onmn -

Transducer could be used i &

submar-ine to decide i-f it i s too
deep - :

Trramnsducer ___ could be used to
warnm a workmanmn that a machine is
over heating ¢ timto the

workman will nNnot always be

lookinmng at the machinmned

Transducerr — 0 could be used to

fFinmnd out i§i-F a car was waiting at
a road Jurmnction.

»



Froject Name DREY RURN
Wi te W OLLET nauame , fora asanmd the
FProject Naame onmn the top of YOl
sheet of wi— i tinmng PpPaper
ANnswer &1 3 o tive questions omn
yvyour sheet oFf wiritinmng paper
b R | Loolk at each oF the

imstructiormns amnd explaimn what you
thimnk it does..

= SET 1 B BUILD RED
D REFEAQAT d> RESET 4

e WaIlT 10

+ > IF TEST 1=1 THEN SET 2

2.2 Exxplainmn what you thinmnk each
oFf these proceduares will do -

g2 BUILD FFIRNE L D EUILD BLUE
SET 4 REFEAT
WARIT S SET =2
RESET 4 RESET 22
END AGAIN
: END

i) BUILD RED

REFEAT
UNTIL TEST 1=1
sSET 2
END
P | Wi e =1 procedur e whiach
wi l 1 set I i t A tto 1 o then set bit

AN



Write a procedur e which will

B U |
change bit 4 to <© - thermn change
it bactlks to 1 - thern back to O
- Y oOouru procedur & showuld —repeat
this task tarmt i 1 input bit = is

set to 1.
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Froject Mame INTERFACE TEST -

Wi te WO Nname ., forran and the
FPr-oiject Name orm the top o F Y oL
sheet of wirritinmng paper .

OUTPWT
INTERFACE

76 5S4 2 2/

///4%»77/
W

Buz2 €@

Mnﬂ'o@

-
1o ook at the di &agram. I -f
the imnterface anmd transducer s

were connected up as shown im the
diagrasamz —

aa) What wouwuld be switched
onm i £ this pattern was shown on
the sScrreenrns —
INEFUT
7 & S < = =2 1 o
<O (@] O (@] O o o o

LT FUT

‘;7 & = a4 = =2 1 o
i
o O O o o 1 le]
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B> Wi te the
iNmnstructions which wil?l pr-oduce
this output = —

I LT
, 7 & = < = = 1
| .
| O O O O < O O O

COUTEUT

- =} = 3 = = 1 O
(@) O (e ] O 1 1 (@] O
Lol | What imnstructions

would make the buz=er souurnd 27

) What would youw wi—ite
to switaech om the 1amp 7

e ) wWhat wowuwld Y ou
wiite to switach oM the motorm 2

2. Im &2 differ-enmnt system =3
toggle switch is comnmnected to bit
= on the inmnput inmnterface armnd =
motor is conmnnected to bit = omn

the output imnterface.

) Draw = diagrmam which
shows this systema.

[ =29 D1~ auw =3 sketch oFf the
screemn and show what wowuld happen
whenrmn the toggl e switach is

switached onmrn.

) Write a procedure which
will switach onm the motor when the
toggle switach is switched onmna.
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P | 4 Ssensor s (push swwili tches)
S e comnmnected t o the iNmnter-face
1ike this = —

T NPuT
LTNTERFACE

Peos
The scCcrreen lLooks like
this = —
AN TS0 T e
7 S = <} = =2 1 Oi
o O O O 1 O 1 o !
O TrFUT
7 F=Y = P8 = =2 1 O|
1
(@] O O O O (@] Ol
Which o-f the switches have

been pressed 72
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Froject Name wWaAsHING MAaCHINE
Wi~ i te WOl name , Fform and the

Fr-oiject Name onm the top o fF Y Ol
sheet o-+Ff Wil ting paper

(W
ON JoFF {%&D:‘/_ES\JE

. ' T TEMPEEZ ATueE
e , O SeEnvsoil

Door QwiTeH
D_ !

FIATEE
é HEATES

leve
SNTE T

1r.? Write down the mnames of the
sSensors which are input sensors.
2> Write down the mnames of all
o-f the output transducer s -

Za Complete this 1ist (=% =
iNmnstructions whiach wi ll wash =1

load o-f clothes.

Turmn on the inmnput wvalve Cwater inmn)>

Wait urmnti 1 the water level is
corr—ect

2

2
Ea S ] Suppose the tranmnsducers are
conmnnmnected to the imnmnterfaces as

shownmn bel ow

Whermn should the motor be turned
oy 7P

What would the
o F the screenm 1o

(32,



. 2> Show what wowl d appear inm
the ouatput screem whermn the water
im val ve 1is switched (=T} anrmd
ever-ything el se is switached off.
[ W N A L™ B

V7 S = 3 = =2 1 <O
Ea D What would be wrong i this
patternmn ever appeared i the
output screenm .

o U 7T ~ 47T
7 S = Ea = =2 1 (@]
(@] O (@] (@] < 1 (@] 1

SUT PUT
INTEEFACE

ve sSa 2210

Ll
v
Z.Z Weree '/A LVE

7
(ounT )
WATe2 VaLve
On)
/R. wATE@

//4’ HEﬁTE@

i ~

- OTo e
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Appendix 3.

The Fractical Tests,
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Froject Name EAaIlLWwAY CROSSING
W a te PV = N WY Nnames ., Fform anmd the
Fro ject Name onm the top o+ Y oOouur

sheet of writinmnmg paper .

N

s S ) Conmect the seEnsors a anmnd =
o thhe I mnput 1Amterface as Tshowm

imn the diagra&amo

INPWT 1y TER FALE

[~ 3= X4 N O teacher to ahectk YOl

C i culd oo

2. Type imn this procedure:s

EUIL D CROSS

REFEAT
INFUT
AGAIN
=EnND
Type CROSS and press the RKETURRN
hreays o
Mowv e the model engine o er
the Sensor =1 - ook at the
scCcrreernrn - Wil te down what happernmns .
Mo~~vez The model engine oNver—
the ES 21T S O = . Wi—ite downm wihrtat
hrapmperns .
. LEN ] B W o 2 fFor-ramation ar-re sensor s

A and = gi~vimnmg -
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2 S ] Wi 1 te the pProceduur e wiri ch

set s the output it g4 to 1 whenn
the emngine moves past sSernsor a
amd sets 1t back to O when the
engine pPasSses sensor KX - Enter

amd test  yowur proceduuar e o

.

s- > with a rmeal 1ife AL L wway
crossing sthe barrier wowld not
D e ral sed ar Ll owered wi thowut
giving anmys warmilng t o the

motorist o

‘
Exxplainm what youw wouwld add To the
mode 1 to make it more realistic.a

P= Y ] <xplainm the advantages o€
wsimg automatic barrMriers oFf thi s
type -

!

:
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Wr- a1 te YOl nmnames , for m & rmncd the
Froject Name onmn the top oFf Y O
sheaest of writinmg paper -

.

i SRS Look a&at the model anmnd answer
these questions ol yourr wr— i ting

pPaper =

How would the alarm system

F= ]
HMNows i winmndow E had been broken
- .
B> How wowl d the alarm system
HMmhow 1 -f window C had been for-ced
open =
> How would the alarmnm system
L kmnmow i € somebody had wal ked into
2. Wwith this model the SeNnsors
A, B arnd c ar e comnected to
chanmnmnel s o, 1 anmnd 2 onmn the inmnpuat
imnmterface - The Dol = e is
conmnected to cthhramnmel 3 oM the

Output iNmnter face .
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Wi~ i e the pProceduur e <AL ARPM)
(VN ] o I B el on'} wi L1 sownnda th e =L &Krrm if ,the
howuws e i s HOrolkenr imnmto-.

=. 2 D~ = A diagram whiich Shows
how = I ight SEertsS oy cowl d bhe used
as part of a buargl ar &1L &rm -

.

Get the teacher t o comnmnect
the mode l Tt o the computer o

< _ D> Ty pe b Srmvd test Y Ol
pProcedouar e o .

a2 Wr—ite down tTthe advanmntages o+Ff
s i ng computer : control led
bwur gl s &2l arms .
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Froject Name cAR ,
Wi te YO LU nmnName s > FOrm armd the

Froiject Name onm the top o-f Y Ol
sheet o -F it ting P aper o

1. Ther e a2 e three SensSor s
i xxed to the model . Each sensor
i = conmnected [ N differenmnt
colowureed Wi res o Loot at each
Sermnsor = e W | decide what each
sSsSensor does -

Write downmn, White then explainm
what O Tthinrmis that th e SsSensor
vad Ly the White wires cowel d be

used . fFfor o .

e 1 t e dowverm Fimk amd explainmn
what that Sensor cowld be used
Ffor o

!

Wr i te dowrn Yellow and explain
what that Sensor cowld b e used
o o
o= | Yo wanmnt to desigmn & comntrol
system wwhich wilal omnly let the

drx ver sStart the car emngimne iFf he
has domne everything Correctly .

What showuld he have dome before
he tries to start the enginmne 2

Exxpla&in how yoor— comntrol system
would decide when the dr i ver has
donmne everything corrrectly.

Z a2 The diagram omn youwur wva—iting
Paper shows a&nm inmnput 1nterface
amda the tranmnsduacer s uased onm the
model o O this diagram show hnow
the TCiranmnsduucer s cowld DO e
conmnected to the inmnput iNmnterface -
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g _ D> Wwrite A&
whiach will

when it
emnginmne

procedur e
di spl ay

i = =sa+f e t o

4 =Y = a4

> O (@] [
Se the teacher
model to the

RV == LY P ogr &y -
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Froject Name AUTOMAT IC DOORS

W i te PV e Y Y MmMames sy FOr—m & d the
S FPFrro Ject N ame O the top o Y O
sheet o wWwr i tEtimg pPaper .

|| U

R

" . @,,é//

%

-2 Look at the model and You
wi 1L X finrmnd that there arre <3
Sensor s + 1 red to it - The sSsketah

abowve shows the position o€ the
sensor-rss A.E,C and D .

F=Np ] Write down the letter A anmnd
then explainmn what you think the
SsSensor ~ 1is uased fFor - Now wr— i te
Ao wnm the letter K anmnd explain
wwh at it 1is wused + o - Then do the

same F or semnsors= C and D

2. Connmnect the motor to the
pPower” supply anmnd test to see i
can open anmnd close the doors.

Y ol
S | Drraw & diagram whiach shows
how tthe model could be commnected
to the INnput ard ouvtput
iNnter faces so that tihhe computer
cowuld comntrol the door

auvtomatical 1 vy -

et




A=k Y O teacher to cheack O
di agr— am -

Ther comnmect the model t o the
inmnter face &mnd get R e ST Y g teacher to
acheclk 1At before yow connect the

pPower supply -

2 I | Wr 1 te the PpProcedura
CDOORY which will openrn the door s
wWwihenm Sensor D 1s switched om amd
cl ose the door when Swvwi tach C i s

m=wi tached fom ¥ ooy TN
i

Test WO Prrogr am

S.- > P lain (2] o Vg Y ore thinmnk
auutomatioc doors are used inm 1 arge
bwuildinmngs -

H
1
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Project Name LYIFT )
Wr— 1 te PV e L E W o mame ss - forrm and the
Froiject o Name [anY oo the top o f YO
sheaet o F W i ting pPaper

1. Youwl Wi L L see that there is a
magrnet | firxed to the side of the
1idfFft cage - - ’

N B Wer i te - dowven what Y O
thinmnk that 2 1is there fFfor o

2. D Malke ]a winder ot of LEGO
which wvei 1 1 131+t the cage. Draw &
sketah whi ach shows howve AV =TI o

windesr NOr = |

Get the teacher to look at the
winder before g = Y comnnmnect the
pPower supply . :

1 .

Test youru winder and see i+ it
wi 11 it the cage-

S~ Show > by drawing on Y O
di agram - v YO wowuld comnnmnect
the Sensor s F= o W | motor to the

imnmput anmnd output Iinmnter-faces.-

4. > - Copy armnd complete the
following sentences

&K I the cage 1= at the
bottom + L oor &anmnd the request
. buttonmn i e Ppressed on the top
1l oor then the cage showuld - - -
b X + the cage is at the top

+ 1 oor anmnd the request buttonmn i s
pressed om the bottom floor thenm

4%



S . D Write a proceduare whiach wi 11
lsaX =RV — the cage to the —ight 1l oor
wilhrem =1 rmreque st buattonm i = pressed .

Comnnmnect . t he mode 1 t o the
Amnter faces .

s youﬁ‘teaﬁheﬁ to acheciz PV =1 WY o
wi rmaing before Y ol conmnnect the
pPower supply ’

P> | Test you progr &m.a

(et



Project Name TRAFFIC LIGHITS

Wr— 1 te YO LT MNameess 4 for m anmd the
Frroject RName onto the top of YO
sheet o+ wr—i tinmng paper .

1- Loolk at the model - You wi 1 1L
see that the —ed wires’ ar e
connmnected to the red bulib o The
greemn wires to the greermn bulb anmnd
the yvel l awve wires to the amber
Bwl B -

D &aws a 4diagr am v i ok shows how
the model could be conmnnected to
KM output imnterface so that the
1Lights could be conmntrolled by =N

(:Dmpt_lter— -

= | What chanmel hawve YOl
(:C:hr"-ected Tt e —ed bwul b tTo
wWhat chranmnmnel have AV o= Y WY
connmnected tihe amber bul b to
—>
wWwhat chanmnnmnel hawve .V = L WY
conmnected the grecen bul b t o
— .

=~ 2 The traf+fic 1ight sequencace
is = ’ '

RED

RED a&nd AMEER

GREEN

AMEER

~ED
Wi te down the 949 patter ns which
mois T b e given to the outputl
imnter face t o produce this
sequence .-
< . D Wr—ax te a PpProceduar e LIGHTS)Y

which wei 11 outtput this seguence -

Connect tClhyeer model tto the output
imnmter face

s



Get AV =W o teacher to checic
before o= TR} comnmnect the P oOwer

=supp 1 Yy -
Test YOl Proceduarr e

N

- W1 te = Dl“‘C)C'edl_lt‘_E CL.AMFS)
whi ach r—epeatsi this sequenrnce .- (
malie Swrre thhat you give the cars

time to stop > -

S - D wWhere would it be usefuwul to
use compt_(ter—iised traffic 1ights .-
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Froject NMame EBEBAaANDIT
me

W— 1 L e NI A =, oo ammd Froject
Name om . the top o+ NSO sheet of

wirm i £ domg PpPaper -
OULUTPWT
~ INTERFALE
ol sh oo ok Iupu~ 3 2 0 0
L 17 ’ INTEEFACE . : ._Z._A ’é
/

Je—

- ool at the Adiaxgram - Copyvy

and complete these sSsentences =

= The mmtor C i = conmnmnected
to chanmnmel . e - - o thie -2 - - - - -
imnter faoce -

(=Y The motor K= is conmnmnected
t o chanmnmnel .- . e = e . - (=Y the

2> The tCransduacer - - - - - = A
comnnmneclted o ciharmnrmnel b R oM the
inputt iNnterface -
=Z . Write down what you thinmnic
i = wr—ong., with the circuai t shown
inmn Lthe diagr &m-

A s b DV =1 W Y g teacher to checlk YO
STy ES eI ST anmdd t o Wi re wup th e
cairrcui -

17



Tthis

h
J
0
]
il
it
n
b
it

=2 T yvioe
fan N Saul e J ey edun e

EUILD EANDIT
~ErFEat
UNTIL TEST O = 1
SET O
SET 1
WaeIT =
REsSeET O
~ESET 1
=D

Woul d vow e bhapPy wsing this ome
AT Tt bhamndi tt i it NaAas conmntrolled
| NS this procediu e = X -+ Nnot
expl ai m Wity mot -

4 - D T aNver P =1 HY ==hecet oF
v A I g Daper - Show omn TChhis
i &agr &um oW you wortl o comnnmnect =¥

the

+to thhe model o tell
t+the wheel stops and
inm the window .-

Semn S oOr
compuiter whem
ther e i e a cherrvy

8






Cop -y anmnd complete the ol lowing
sentences-=
3

= I have sSseenm &S Cconvey ors bel t
AL <e the oNne shownm inMm the
pPhotograph i1 a . - e e e e = e m = e = =
| e WD When grocfer—ies are pl aced onm
the bel t they move a&along (SN o N ol T §
they reach the - .- e e = = = = The
bel t stops @ moving whenr the
gr-oceries ar e bhbetween the

S md the A -

Ass i Y o teact;er— to checli the
circuit before yYyouw conneact the
power supply -

SL ) The diagram on your «wrriting
pPaper shows &anm imnput amd aam
output iNnter face , a power SsSupply
&K Light SsSensor a bulb anrmnd ==Y

motor .

O the Adi agr am show how the
tranmnsducers couwuld be connmnected to
ttLhe iNmnterfaces f =} that the

conveyor belt could be comntrol led
oy the computer o .
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Froject Name DRIVE
wWr 1 te MO LAr names , form anmnd the
Froiject Name onmn the top oFf YOl

sthhecet o F wer— 3 b img pPaper

1 -2 ook at the diasagram whiach
has been stuck omnto youwr wWriting

PpPaper o

2. Foote the imnterfaces , PpPoOoOwerr
Swup Pl y &arma L EGO baiggy onmn the
tabl e s A= showmn i s the diagram.

NoOow Uuse Tthe wires to conmnect up
the cCirced bt by fFfol lowing these
imstructiomnss — .

P= Conmnect the motors of the
L.EGO gy t o C/\C\ﬂ'r\o_/ 1 Sanmnd
< harmnel = . on the output’
interface o

b Conmnmnect the yvellow push
switch to chammel 4 o the iNnput
imnterface = the Bl actik: PpPuUush
swi tah to achhamnnmel 1 o the inmnput

imnterfHface -

) Mat:e sSwure that the Ppowerr
sup Pl oy i s ~NOT FL.UGGED Ind -
Comnmect & rmed wire from the l1arge
RED sSoc ket oM the ouatpuwt

imnter-face to the 1arge RED socket
oM the powvier Sup Pl y - -

[= I Conmnmnect a black wire from
the 1 arge =EIL_ACK, socket (oY) the
P oOower supply to the 1 arge EL ACHK

socket onm the output inNnterface-

Read the imnstructions again arnd
cthhiecls YyYyouwur circui t o

S-2 SHhow how you have conmnnmnected
the circuil by dr-awing the wires

omnto youwur diagram -

2]
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A s b PV == L O Y teacher t o checl J3/(:;-__u'—
cirrcueea t amd to conmnect the
iNmnterfaces to the the computer o

g . D Wwr—ite the comtrol proceduounw e
=0 that the buwggy tuwurns —ight
when the yellow switah 1is pressed
anrmd tTwrns left when the bDlLasaclhk:

swid tah 1is pressed-

S5 . D Ty pe im anmd test tthe
pProcedur e o Demonstrate yO(_'xr-
proceduwne to the teacher .
’ l

S - D Onrm DV s T wir—itimg paper drmawvw &K
di g &m . whiach shows The
imnterfaces and the baggy - Show
how yvou would add & bwlth to the
bhwuaggy (a headlamp rreallsy?2 wh i ch
cowl d be sSwitched omn by a toggl e

Swdi tah -

!
’
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Project Name SaTE .
W i te PV e T Y oy nmname s , Ffor m sSrmd the
Froject . Name on the o o F Y OoOwue

sheet fan B o Wi i g Paperv o

1. Look &t the hinmnges which youw
have beemn given . ’

i ook a2t the photograph of the
gate . < 51—[,\ ck on 1B H\Q f?io:c b oS T‘kkg ,30 ‘?—) .
ook =t th e hinmnges fan oo the

cupboar o door— = _

Makte a LEGO gate whiach — anm be
opened =rmd closed.-

Asi pY =1 WY o teacher to acheck youwur
model o

2. D Draw a sSsktetach of DK=Y o gate.
Show on the skel-ach where YOO
ol Puett a Ssensor =% em] that =%
Light inm the house wowuld come on

whenm the gate was opemned.

Wr i te down the mame (= o the sSsensor
WOl wowtl o use .o :

14

(83






PFroject Name LAWNMOWER

W i e SO nmnames , form a2y the
Froject - Name onm the top o+ Y OoOur
sheaet of w1 tinmng paper -

’
B S ] Mt e & mode L o = 1l avwnmower .
The model showld have a motor to
mailze Tt work anmnd a toggl e Swltch
to comtrol the motor . .

po P | Test ycv!t_u'— mode 1L anmnd show it
to the teacher

=a D Draw a diagram which shows
howe YO brwei It YO mode l anmnd how
Lt wor ks .

]

17
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Project Name BUZZER
Wr— i tte Ny O nmnames ., f orm amd
the Frroiject Name omn the top of
O Lur sheet of wrritinmg paper -

e R | Copy this proceduar-e onmn to
PV o U Y ot wr it mg Ppapers &armd explainmn
what YO thinmks each o F the

imnstructiomns wi 11 do -

EUILD FINK
REFEAT

SET (]
WaXIT =
RESET < .
WaIT = ’
AGAIN
=D
Z. D Explaicm what you thinmnk this

pr‘dcedt_u'—e vwi 11 do -

=D [ St S ol the ouvutpuwut imnter-face anmd

P ower supply onmn the table beside

the computer -

Comnmnect the bu==er to output
chanmnmel < omn the interface-

A= b yvour teacher to acaheck youwus
circoea &, &amnd t o connmnect thhe
imter face to the computer anmnd

o_f:cnnnec:t the power supply -

Tvpe imnmn the procedouane .o

s b Yy Ol teacher to achreaci YO
PpPrrocedcdaun e (Eefore you test ity ,
A cd T o swi tahy omn the P OoOwer

SwpPp Pl Yy -
NOW TEST YOUR FROCEDURE -

1Sk




¢4
<} . D> Swi tah O-f The Fower Supp 1y
Discomnmnect The bu= e o
Conmect a o  buwl b to chammel = onm

The output imnter-face.

Askk youwur teacher to chectk YO
circoaidit anrmnd t o swi tah o the

Power sSupplsy.o

Change Yy O pProcedwr e so that
DY =T WY o bul b is o for 1O seconds
a2 d oFfF F + O ;10 seconds, (oY o o 10
seconds &and of F + o 1O Seconds

e. t.oc.o
Test A =T Y PpProcedur e .

Malkte a copy o+f the proceduar-e on
yol_u;— wrritinmng paper -

v

S.D Erxplainmn what vyou found to be
difficult with this project.

+)
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=- 2 Wer i te the control proélestre

wih i oy cdr i ves tThe Mot or inm O e
direction whenm the yellow sSwi ttach
a4 pressaed = s W | M the other
direction whenmn the Green Swi toth

A= pR’_ESSEd_

Type 1inmn youous proceduare and test
i & - ; )
4} - > Do YO Al vway s Nneaed . a

computer to rever se a motor 7

S.>  Write the comntrol pProcedur e
so thhat = — -

— T he mot or is SsSwi tached oM whenmn
the yvellow buttonm s pressed .-

AND stavyvs oM it i 1 the green
bl_u'tl.'tcu—\ 1is pressed .

—WWhem the greaenn buttom 1=
prressed the Mot or stops swWwai ts
+ o S seconds s Syl Then tuurnNns X M
the oppos1i1 te directiom + or =

secomndcds -

Type A D=1 WY o procedounre amd

159




oot aat

Follow
b 1 d the

Whem WO
Tteacher *©

L_EGO inmnstractions

these imnstructionmns
‘mode 1l winrmndmi 1 1 -

hawve fimished ask
Lo ] checic i -

13
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== Y owr have ' beaenm askted to

desigm =% computer contr-ol 1ed
doorbel 1l - The doorbel l wi 1L 1 omnl y
(PN T oY ol £ dwwwr- i g tTthe d=y - I the
Swwid tah 1 pressed at might the

bel 1l wi 11 Mmoot —aimng -

N

TOo test yél_u"' system Yool have
beenmn giwven =1 1 ight Sensor 5 & push

swi tach = Weon | = bu==er -

Show oM yvyour diagram how Y O
woetl o cormnmnect the transducer s to

the inNmnter faces -

Ask youwr teacher to check yowr

cirrcuil .o

a4 . > Conmect up yYyouwur ocircuit anmd
ask A=Y o teacher to give yYyout =

Tpower supply .

Sa. D Write anmnd test the comntrol
proceduare.

E - D Copy W O proceduuunr e onto
DV =N Y o writinmng paper anmd explainn
what it does.

16
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4

Froject Name MECHANISMS

W i te AV =Y o NnNames , form anmnd the
Froject MmMame onmn the top o VO LU
shaaet ofF writinmg PpPaper .

1. >>Copy this table onto YOO
wer i ting P aper

Fhotograph Model
A
B
| &
D
= .
= .
G
Loob at the photograph ~ then
L ook at each o+ the model s. Can
RV =T} £ inrmd =S mode which uses the
same mechanmnism. I YO C &AM, wi— i1 te
down the colowur whiiach 1is prrinmnted

oM the model against the Tetter A
i m Y OLur tabl e -

Now go on to B etoac.

2. D Copy this table onmnto PV =YY o
Wi i tinmng P aper

F‘l—notogr—aph' Hox

@gamoomd

11

o



2
Loolk = Photograpth A Thenm 1 ook

st each o the bo>xxes .

Can h o == W} a1 rvd =1 S o whid ah Y O
thinmks Nides the same mechanism -
I WOLL Ca&anmT , wirmil te downm the mame
o the tree which is pri;mted o
the box against the letter a inm

po g s Y IR Y o tabl e

Now 1l ook at the other pPhotographs
armnd complete the table.
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= . D Y ouur Job mowvg wver— i1 te =Y
[N ]

=
PpProceduare «whiiach EN

ol
u ot
0

i

— Switacthh on the wa}'-ﬁing bDu= = e

N

— T uwrnm the roundabowut clockwi se
fFfor TO seconds.o '

— Stop the rounmndabhowut o

the roundabouwut

— T ver—my
=O sSseconds

—clockwi se + o

— Stop the roundabowt.o

Type 1in the proceduare a&anmd test it

Make a copy of Y ovur pProcedur e on

VO wir i tinmng Paper .
!
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Appendix b.

The Guestionnalire.
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End of Courcse Ouestions

im information  technology lessons

1. What  have youo L

duwring the last two yes

2 What part of the imformation technology Ccowse Frave you

I
.

enjoved the most.

2t i on technology cowse hrave  you

Z. What part  of the it

gnioyead the leasl.

4. pihat part of the irformation technology course did you find

the most difficult.

do many differant jobs. Write down three Jjobs

b Computers

which are done by & computer.
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Appendiyx 7.

The data from the written tests is presented in the table

helow. Fach row  in the table presents the data for one

pupil. This data comprises:— a student number,
code, the sex of the pupil, a code for each
practical tests as well as presenting the "score’
for their regponses to each of the twelve

questions.

Note.

The data which relates to the 84 pupils who were

a class
of the
awarded

written

present

for all  tests is grouped together at the beginning of the

table.
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Key to fppendix //

Coluan
Nugber

106

107

108

309

110

L $31

112

t13

4 .

1é

17

Contents or Brief description of questicn(s)

Student Nuaber

-Fora

Sex

First Practical Test

Second Practical Test

Naee transducers froa photographs

Classify transducers froe photograph

Select transducers for an application

Classify transducers from application

Eftfect of o/p pattern on o/p transducers

Explain the- isplications of an o/p pattern

Write instructions to produce given o/p pattern
Given state of ao/p tranducers- predict o/p pattern
Given state of i/p transducers- predict i/p pattern
Draw circuit froa written description

Given an i/p pattern- predict the state of i/p trans

Write a procedure from written specification
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Nage of
¥ritten Test

Transducer
Transducer
Transducer
Washing Machine
Interface
Washing Hachine
Interface
Kashing Machine
Interface
Interface qu.
Interface

Interface

Buestion
Nugber (<)

1 part a2

[ part b

{ and 2

1b

2b

2a

2



fppendix

{(pupil number arder)

Fesults of the Written Teste

TRELE 1 -- Pupils who were present for all tests.
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422
118

8
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zz
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bl
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22
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22 ¢
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202

198 22 m

199 22 m

201
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Appendix

TABELE 2. -~ Fupils who were absent for one or more written tests.
¥ ¥ ¥ ¥ X X056 ¥O7 %08 %09 ¥10 *11 %12 13 %184 XI5 ¥16 %17
110 21 f tr 3 4 1 2 1 4 2
112 21 f bl wur 7 7 3 1 2 1 4 2 1
118 21 ¢ 6 6 2 8 1 1
122 21 ¢ me  tr S 1 1 2 0 1 4 2 0
126 21 m dr au 6 S S 1 2 1 4 0 1
132 28 m ga ur S 4 1 1 2 1 o 1 Q
137 28 m dr au b O 6 1 2 O ¢ 0o 0
139 28 m re 7 8 4 1 2 ¢ 0 0o 0
142 .28 m lm | 2 1 2 1 0 O o0 0 9
146 23 ¢ ga au 8 8 ¢& 5 1 1
147 23 ¢ zz  ve 6 S 7 1 2 o o 2 1
149 23 m Im 11 7 8 4 1 2 2 0 0
150 23 m dr ca ? 7 7 0 Q 1 0 o o
185 22 m 7 9 & 8 1 i
189 22 f re wa 1 2 1 4 2 0
190 22 ¢ dr au 7 1 1 2 1 1 4 2 1
191 22 ¢ bl 2] 3 2] 1 2 ¢ 4 o o
193 22 F 1m 1i 8 ¢ &6 1 2 1 4 2 0
195 22 ¢ 1m 1i 2 6 S & o 1
197 22 f bu di 0 1 1 2 1 1 3 2 1
200 22 f dr au 7 1 1 2 1 1 o 2 1
204 25 f 4 2 3 4 1 ¢
205 25 m re tr 7 S S 4 1 Q
206 29 m ga ur S 6 6 3 Q 1
207 25 ¢ ga ur 4 1 a
208 25 f £z Ca 6 3 4 S 1 o}
209 25 m me wa ? 9 s 2 0 Q
210 25 f g @ I 6 1 4]
211 25 ¢ me wa 7 7 S & 0 Q
212 25 m au ? 9 7 1 1 1
213 25 m 2z ca a8 4 S 3 o o)
214 25 f re tr 7 & 4 3 1 o
215 25 f di 8 8 4 4 1 0
216 25 f Im 1i 7 § 5 4 0 0
217 25 m bl ve ] 1 4 4 1 1
218 25 m Im 1i 9 7 S5 4 0 1
219 25 m au 6 2 3 5 1 1
220 28 m di 8 7 7 5 b o
221 25 f au g 2 3 3 0 ¢
222 25 m zz ca 7 3 4 &6 1 1
223 25 ¢ bl ve S 3 4 S 1 0
224 25 m re tr ? 8 8 & 1 1
22 25 m Im 1i 9 7 6 7 1 1
226 25 m zz ca 9 ? 8 & 1 1
227 25 ¢ lm 1i S 6 6 4 i o]
228 25 f ve S g 4 3 1 0
229 25 f ga S 7 3 b 1 ¢]
230 25 f me wa 4 0 0
231 25 m au 3 1 0

TOTALS -- 268 226 196 159 1S5 27 30 16 11 37 19 7
COMBINED TOTALS -- 729 648 548 621 B9 90 167 71 73 244 107 &9
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Appendix 8.

The data Ffrom the written tests is presented in a coded
form in the table below. A binary code was used in which a

1 was recorded if a pupil produced a satisfactory response

to a question. In order to determine whether or not  a
pupil had produced a ‘satisfactory’ response, each
question was considered In terms of the response  an
‘average pupil’ might have given by idrawing on his
gveryday experience. Anything above this level was

considered to be a satisfactory response.

The criteria established by this analysis is given in the

table belows -

_Lolumn Guestion Fesponse
#06 Qu. 1 (Transducer ) part a score F 4
#0O7 Qu. 1 (Transducer ) part b score 4
#0O8 Qu. 5 (Transducer ) score ¥ 3
#*0F Qu. 1 and 2 (Washing Machine) score » 4.
#10 Gu. 1 (Interface ) part a score ¥ 0
#*11 Qu. & (Washing Machine ) scora » 0
*#12 Gu. 1 (Interface ) part b score ¥ O
#13 Gu. 5 (Washing Machine) score » O
#14 Qu. 2 (Interface ) part b score > O
*#15 Gu. 2 (Interface ) part a score 2
*¥16 Qu. 3 (Interface ) score > 0
#17 Bu. 2 (Interface )} part c score F o1
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fppendix ¢

Results of the Written Tests {pupil number order)

TRBLE 1 —— Pupils who were present for all testc.

c s p P
u 1 e r s
P a » a a
i s’ c €
1 s t t
i i
M : : c C
o : : & a
: 1 1

: : : 1 2.

4 X ¥ ¥ ¥ ¥046 ¥07 ¥0B ¥09 %10 %11 X12 %13 %14 ¥15 %16 %17

100 21 m re wa 1 i 1 1 1 1 1 1 O 1 1 o}
101 21 m ga ve 1 1 1 1 1 b 1 i Q i Q ¢
102 21 ¢ dr au Q 1 O 1 1 1 1 d 1 1 1 1
103 21 ¢ bu di 1 b 1 b 1 i 1 i 1 1 1 Q
104 21 ¢ re wa 1 Q Q 1 1 1 1 (] 1 Q 1 1
105 21§  lam 1i o+ 0 t 0 1 0 0 o 0 ¢ o
106 21 m bl ur 1 1 1 1 1 1 b 1 1 1 1 Q
107 21 ¢ ga ve 1 1 1 o 1 1 i 1 1 Q i
108 21 f re wa 0 1 o 1 1 1 1 1 1 1 o 0
109 21 f zZz Cca 0 1 1 1 o 1 1 ¢ 1 1 e 0
111 21 f ga ve 1 1 1 1 1 1 1 1 1 1 1 Q
113 21 bu di o 0 0 0 0 1 1 o 0 0 1 0
114 21 m bu di | 1 1 0 1 1 1 1 1 o 0 1
115 21 ¢ me tr 1 1 ¢ 1 1 1 1 1 0 | 1 0
116 21 m nme 1 1 1 o 0 i b 1 0 1 1 0
117 2 m bl ur 1 0 1 0 1 1 1 1 1 1 1 ¢
119 21 ¢ dr au O 0.0 1 1 0 1 1 1 1 1 0
120 21t m z2z ca i 0 o 0 o 1 1 1 0] (¢} 1 0
121 21 m Im 1i 1 1 1 1 1 1 1 1 1 1 1 1
123 21m bu di 1 1 1 1 1 1 1 1 1 1 1 (¢}
124 21 m 2z ca 1 Q 1 0 1 1 1 1 1 1 1 1
125 21 m dr au 1 1 1 1 1 o} 1 Q 1 1 1 0
127 21 ¢ ga ve 0 1 (¢ 1 1 1 1 1 1 1 1 1
128 21 ¢ 2z ca 1 1 0 1 1 0 1 1 1 ¢l 1 0
129 21 f Im 1i 1 1 0 o 1 1 1 (¢} 1 1 0 1
130 21t m Im 1i 1 (¢} 1 1 1 1 1 1 1 1 1 1
131 28 ¢ Zz ca 1 O ¢ i 1 1 1 (¢} 1 1 0 0
133 28 m me ve o o0 0 1 1 o 0 1 o 0 o0 o
134 28 § 0o 0 1 1 1 1 0o 1 1 0O 0
135 28 ¢ ga ur 1 o o0 1 1 1 1 1 0 1 o 0
136 28 f re tr 1 1 0 1 1 1 1 1 1 1 0O 0
138 28 m 2z ca o o 0 1 1 1 o ¢ 0 1 1 ¢
140 28 m dr au 1 0 1 1 1 1 1 1 1 (¢} 1 Q
141 28 m 0 0 1 1 i 1 1 0 1 (o} 1 (¢
143 28 ¢ Im ve 1 o 0 1 1 1 1 1 (¢} 1 o o

(1]
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py
©

145 23 m ca 1 1 1 1 Q 1 1 1 i Q i 4]
148 Z3 ¢ bu wa G 4] ¢ 0 1 0 0 1 1 Q Q Q
151 23 @ re di 1 1 1 1 1 Q 1 o] Q Q Y]
52 23 ¢ Im 1i ] Q 1 Q 1 ] Q 1 1 0 0 0
153 23 f zZz ve 1 1 1 1 1 Q 1 1 1 1 ]
154 23 m zz  ve 1 1 1 1 1 ] 4] QO Q Q Q
152 23 m me ur 1 1 1 1 1 9 O 0 i) Q 4] 4]
156 23 f re di 4] o] 4] 4] 1 1 i O 1 O ] Q
157 23 m Wa i ¢ 1 1 1 O O QO Q O Q Q
158 23 | bl tr 1 4] 1 1 1 0 Q Q 0 0 0 4]
159 23 ¢ zz ve 0 0] Q Q i 4] 1 Q ] Q e] o
160 23 f bu wa 1 1 1 Q ¢] 1 1 1 1 O 1 0
161 23 m bl tr 4] QO Q Q 0 0 1 0 1 Q 1 0
162 23 m bu wa 1 1 1 1 1 [¢] 1 ¢} 1 1 ¢ 0
167 23 m dr ca 1 1 i 1 1 1 1 O 1 0 0 (4]
164 23 m re di 1 1 1 3] 1 1 1 ¢} 1 1 ¢] Q
185 23 f ga Q QO 1 0 1 9 Q 1 1 Q Q 1
166 23 ¢ dr ca 0 ¢] ¢] 1 1 1 1 4] 1 0 Q 0
167 23 ¢ me ur Q Q o] b 1 1 1 O 1 d] Q ¢]
168 23 m me ur 1 1 1 1 1 1 1 1 1 ¢ 1 Q
169 23 m. lm 1i Q Q ] b 1 1 1 1 0 o 0 ¢
170 23 ¢ bl tr ¢] 4] ¢] 1 1 d] d 4] 1 (o} ] Q
171 23 ¢ au 0 0 1 1 ] 0 1 1 1 ¢ 1 O
172 Im ga au 1 1 1 1 1 0 1 o 0 1 o 0
173 22 m dr au 1 1 1 1 b 1 i Q 1 1 1 0
174 22 m bu di 1 1 0 1 1 1 1 1 1 1 1 1
175 22 f  ga ur 1 1 1 1 1 1 1 1 1 1 a 0
176 22 m ga ur 1 1 1 1 1 1 1 1 1 1 1 4]
177 22 € me tr 1 1 1 Q 1 1 1 1 1 1 1 d]
178 22 m zz ca b 1 1 1 1 1 1 1 1 1 1 b
179 22 m bl ve 1 1 i b b 1 b 1 1 1 1 1
180 22 m me tr 1 Q 1 1 1 1 1 1 1 1 1 1
181 22 m me tr Q 1 i 1 1 1 b 1 1 1 1 1
182 22 ¢ dr au ¢] ¢ ¢] Q 1 i 1 1 1 1 1 0
183 22 m 2z ca i 0 1 1 1 1 1 1 1 1 1 1
184 22 m 1m 1 o] 1 1 1 i 1 1 1 i 1 ]
186 22 ¢ re wa Q b 1 1 1 1 1 b 1 Q 1 ¢]
187 22 m re wa 1 1 1 1 1 1 1 1 1 1 1 ¢]
188 22 m bl ve 1 1 b i b i 1 1 1 1 1 1
192 22 ¢ bu di 1 1 1 { i 1 1 1 1 0 1 0
194 22 ¢ re wa Q ¢] 1 ] 1 b 1 1 ¢] 1 1 (¢]
196 22 ¢ 1i (¢ IR ¢ ¢} 1 1 1 1 i 1 0 1 6]
196 22 m ga ur 1 0 1 1 1 1 1 1 1 1 1 o]
199 22 m Im 11 1 1 1.1 1 1 1 0 1 1 1 0
201 22 f Zz ca Q Q 1 4] 1 1 1 1 1 0 1 (o]
202 22 ¢ ga ur 0 1 1 1 1 1 1 1 1 1 1 1
203 22 ¢ bl ve d] 0 o] 0 1 0 1 1 1 Q 1 0

TOTALS -- S4 46 S2 61 74 43 72 S5 62 49 51 18
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TARLE 2

110
112
118
122
126
132
137
139
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05 #07 x08 %09 ¥10 ¥11 ¥12 %13 X114 ¥15 %16 %17
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Appendix 7.

The written tests provided data on three main aspects of
the course, being transducers, input/output codes  and
programming. To help with the interpretation of this data
it has been compressed and is presented in  the table
below. Details of the method used to compress the data are

given below: -

Column A is derived from columns & to 9 in appendix 8. I+
a 1 appears in twos or more of these columns, i.e. a pupil
has performed satisfactorily in twoa o more of  the
questions Qu.l (part a and b), and Qu.3 [Transducerl, and

Gu.1 and Gu.? [Washing Machinel, a 1 was entered into this

column.
Coxlumn B is derived from columns 10,11,13,14,16 in
appendix 8. If a 1 appears in three or more of these

columns, i.6. the pupil has produced a satisfactory
response  to three or more of the questions:—-  Qu. la, 2b
and 3 [Interfacel; and Gu. 5 and 6 [Washing Machinel, a 1

woritld be recorded in column B.

Column C is a copy of column 12 in appendix B in which a
1 appears if the pupil bhas produced a satisfactory

response to gquestion 1b (Interface).

Column D is a copy of column 17 in which a 1 appears if
the pupil has produced a satisfactory response to question

2o (Interface).
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By wusing this system a 1 in column A would indicate  that
the pupil had formed an understanding of a transducer,
similarly a 1 in column B would indicate that the pupil

had formed an understanding of an input/cutput code.

18.7



Appendix .

Compression of data presented in Appendix .
Key.
Column Contents Anterpretation

*A

*B

*C

*D

*E

*F

*G

*H

1 if there are 2 or
more 1°s in columns
*06, #07, *0B and %09

1 if there are 3 or
more 1°'s in columns

*10, *11, %13 ,*14
and ¥16

Copy of column #*12

Copy of column %17

*A  AND *B
#C  AND *D
*B  AND *C
*D  AND *E

18%

The concept of a
transducer has been
formed

The concept of a
I1/0 code has been
formed

Pupil capable of
recalling the
instructions which
produce an 0O/P code

Pupil capable of
writing a program
from a specification

Concept of an 1/0
code AND transducer
formed

Pupil able to produce
an 0/P code AND able
to write a program
from a specification

Concept of an 1I/0
code and able produce
an 0/P code

Concept of an 1/0
code AND a transducer
AND able to write a
program from a
specification



fppendix

Fesults of the Written Tests coded from Appendix

100
101
102
103
104
105
106
107
108
109
111
113
114
115
116
117
119
120
121
123
124
125
127
128
129
130
131
133
134
135

N

oW om

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
28
28
28
28

XM on

k3

43 43 hHhh3' 3T IF B I hhhhh3 k3 I

n N o SDo

[N

re
ga
dr
bu
re

bl
ga
re
ga
bu
bu
me
me
bl

dr

- me
“ L

bu

2z

dr
ga
2z
Im
zz

me

ga

el R e B TR S I (e S o

S

*E *F #G «xH

XA ¥B %C %D A.EB C.D BH.C D.E
¥ X X |

wa 1 1 1 (¢ 1 0 1 s
ve 1 i 1 0 1 Q 1 0
au 1 1 1 1 1 1 1 1
di 1 1 1 Q 1 1 0
wa 1 1 b S U | 1 1 1
1i i Q Q Q Q Q Q 0
ur 1 1 1 Q 1 4] 1 O
ve i 1 1 1 1 1 1 1
wa 1 1 1 Q 1 0 1 8]
ca 1 o] 1 0 0 0 0 0
ve 1 1 1 Q 1 0 1 Q
di 0 O i (o} o 0 0 0
di 1 1 1 1 1 1 1 1
tr 1 1 1 0 1 0 1 0

1 1 1 0 1 4] 1 Q
ur 1 1 1 0 1 ¢ 1 0
au ] i 1 0 0 (¢} 1 a
ca 0 1 i o 0 ¢] 1 Q
li 1 1 1 1 1 1 1 1
di 1 1 1 ] 1 4] 1 )
ca 1 i 1 1 1 1 1 1
au 1 1 1 0 1 ¢ 1 Q
ve 1 1 1 1 1 1 1 1
ca b 1 1 0 1 ] 1 Q
li 1 1 1 1 1 | 1 1
1i i i b 1 1 1 1 1
ca i 1 1 O 1 ¢} 1 Q
ve 0 0 ¢ o (¢} (¢ o o

1 i 1 0 1 ¢ 1 0
ur 1 1 1 0 1 0 1 o]
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134
138
149
141

143
144
145
148
151

152
153
154
153
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
1864
187
188
192
194

196
198
199
201

202

28
28
~
'
el
&£
2
<
28
23
23
23
23
23
23
23
23
23

23

23

23

23

-
L3
23
23

23

23
23
23
23
23
22
22
22
22
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Appendix

TAELE 2. -- Pupils who were absent for aone or more written tests.
*E  XF xG aH
3 ¥ ¥ ¥ ¥ ¥A ¥R ¥C #D A.E C.D E.C D.E
X ¥ 4 b ¢

203 22 ¢ bl wve a 1 1 0 e} Q 1 y)
119 21 f tr ] 1 1 ¢ O o] 1 O
112 21 f bl ur 1 1 1 0 1 o] 1 0
118 21 ¢ 1 0 ¢ o] ) Iy} 0 0O
122 21 f me tr O 1 1 Q Q ] 1 Q
126 21 m dr au 1 O 1 Q Q Q Q Q
132 28 m ga ur 0 1 1 o] ¢ 0 1 0
137 28 m dr au 1 Q 1 Q O Q ] Q
139 28 m re - 1 Q 1 Q 0 ¢ Q 4]
142 28 m 1m - 4] 4] Q o Q 0 o 0
146 23 f ga au 1 Q 0 4] 0 Q ¢] 4]
147 23 ¢ zz ve 1 Q 1 0 0 QO 0 4]
149 23 m 1m 1li 1 ¢] 1 ] Q 0 Q 0
150 23 m dr ca 1 Q 0 Q0 Q Q 0 0
185 22 m 1 0 d o0 Q Q ] 4]
1§89 22 f re wa Q d 1 Q Q 0 0 0
190 2 ¢ dr au Q 1 1 d] ] ¢ 1 ¢]
191 22 £ bl 1 0 o 0 0 Q
193 22 f 1m 1i 1 1 1 o] 1 4] 1 (8]
195 22 f Im 11 1 1 Q ¢] 0 0 ¢]
197 22 ¢ bu di Q 1 1 0 (] 0 | 0
200 22 f dr au O 1 1 0 ¢ ¢] 1 ]
204 25 f (¢ Q O ¢ Q 4] le] ]
205 25 m re tr 1 Q 4] Q d] Q O 0
206 25 m ga ur 1 6 0o o o o o o
207 25 f ga ur ¢] d] ] d] 0 0 0 0
208 25 f Zz  Cca 1 O Q ¢] O Q ¢] ]
209 25 m me wa 1 ¢] 0 e] (] O 0 ¢
210 25 f 1 Q 0 0 0 (4] 0 0
211 25 f me wa 1 0 (0] e] 0 ¢] d] ]
212 25 m au 1 (¢ 0 0 0 (] d] O
213 25 m zz ca ¢ O 0 Q o 0 ¢ 0
214 25 f re tr 1 Q Q e] (¢} ] 0 0
215 25 ¢ di 1 ¢] 0 ] 0 0 ¢] ]
216 25 ¢ lm 1i 1 ] 0 0 ¢} 0 d] o]
217 25 m bl ve 1 Q 0 o 0 d 0] (¢]
218 25 m lm 11 1 o ¢ 0 ¢] 0 (¢} (@]
219 29 m au 1 0 o] 0 l¢] 0 O 0
220 25 m di 1 l¢] 0 0 o] 0o 0 Q
221 25 ¢ au ] 0 0 0 ] 0 0 ]
222 25 m 2z ca& 1 ¢] ¢] 0 (o] (¢] o] 0
223 25 ¢ bl ve 1 Q 0 0 ¢] (o] 0 ¢]
224 29 m re tr 1.0 0 0 0 (¢ 0 (]
225 25 m Im 1i 1 0 0 o 0 ] 0 o
226 25 m 2z ca 1 (¢ 0 4] (] 0 0 0
227 25 ¢ Im 1i 1 0 0 (] o 0 0 0
228 25 f ve 1 (0] 0 0 ¢] Q ¢ 0
229 25 ¢ ga 1 o] ¢] 0 0 0 0 0
230 25 ¢ me wa 0 ¢] ¢ 0 (¢ 0 ¢ Q
231 25 m au 0 O 0 ] 0 0 0 ]
TOTALS -- 35 9 14 0 2 0 ? 0
COMBINED TOTALS. -- 98 77 87 18 S& 17 72 17
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Appendix

Results of the Written Tests coded from Appendix

( corted by practical groupg)
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fppendix

AN

Fractical Test:- Car.

128 21 ¢

padrid Ca

109 21 ¢ ZZ Ca
124 2t m 22 ca
120 21 m Iz Ca
201 22 f Iz  Cca
178 22 m 2z ca
183 22 m ZZ . ca
166 23 f dr ca
150 23 m dr ca
163 23 m dr ca
145 23 m ca
222 25 m 2z ca
213 25 m zz ca
208 25 f Zz ca
22 29 m zZZ ca
138 28 m Zz ca
28 f Zz ca
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et e
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Fractical Test:- Bandit.

114 21 m bu di
113 21 £ bu di
103 21 f bu di
123 21'm  bu di
197 22 f bu di
174 22 m  bu di
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Appendix

Fractical Test:— Lift.
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Appendix

Fractical Test:

112 21 + 1
117 21 m bl
106 21t m bl
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176 22 m ga
198 22 m ga
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Appendix

Results of the Written Tests coded fram Appendix .
( sorted by practical group)

P c s P
u 1 e r e
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S ¢ 3 t

Practical Test:~ Dayhell

112 21 f bl wur 1 1 1 0 1 Q 1 4]
117 2fm bl ur 1 1 1 0 1 0 1 0
106 21m bl ur 1 1 1 ¢ i 0 1 0]
203 22 f bl wve ¢ 1 1 o o ¢ 1 0
188 22 m bl ve 1 1 1 1 1 1 1 1
179 22 m bl ve 1 1 1 1 t 1 1 1
191 22 f bl 1 O 1 o 0o o0 o0 o
170 23 f bl tr 6 o0 ¢ 0 o 0O 0 o0
161 23 m bl tr [C ] 1 o o0 o0 o0 o
158 23 f bl tr 1 0 ¢ ¢ 0 0o 0o o

217 25 m bl ve 1 o 0 0 0 0o o0 0.
223 25 bl ve 1 O 0 o0 0 0 o0 o

Practical Test:- Build

114 21 m bu di 1 1 1 1 1 1 1 1
113 21 ¢ bu di ¢ 0 1t o0 0 0 0 O
103 21 f bu di 1 1 1 0 1 0 1 0
123 21 m  bu di 1 1 1 0o t ¢o.1 O
197 22§ bu di ¢ 1 1 c 0o o 1

174 22 m bu di 1 1 1 1 1 1 1 b
192 22 § bu di 1 1 1 0 1 o0 t o

162 23 m bu wa 1 [¢] 1 0 0 [¢] [¢]
148 23 ¢ bu wa Q 1 (¢ ) o o [¢]
160 23 f bu wa 1 1
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Fppendix

Fractical Test:- Railway Crossing.
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fppendix

Fractical Tect:- Drive
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fippendis

Fractical Tecst:- Lawnmower.
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fppendix

Fractical Test:- Reverse

104
100
108

194
187
189
1846

164
151
154

224
214
205

139
144
136

NP
(2

25
25
25

28
28

28

“+ 3 -

+H 43

Fractical

128
109
124
120

201
178
183

159
154
153
147

226
222
213
208

131
138

21
21
21
21

22
22

22

23
23
23
23

25
25
25

25

28
28

383 4+

3 3 b

-

~3 33

-+

re Wa
re wa
re uWa

e wx
re wa
re wa
e wWa

re di
re di
re di

re tr
re tr
re tr

re
re tr
re tr

Test:— Buzzer.

MoNOM M
[T I U ]
nnNnn
s T U 1}

n
b

n
W

MMM
N oMM
n
o

MM MM
MM MM
< £ <
m Moo

<
o]

MM NN
MONMMNMN
nnn
[T R 1

[l
1]

N

ca
ca

™
MM

n
Y

o ol - e b s

—_— O e =

QO+

Rof

e et

[

—_ e

Q
¥

Q

- Y

QOO0 Qo OO [,

.

- e

—_ Cr o

Pt pea b ek

—— et et

(o ol ol e

-~

O
O

Q

[eRoleNel O Qe OO

[eNeollel

o o]

4]
0

Q

¢

(%Y

Q= OO

QO OO

—

Q
Q
Q

0
0
Q

0
Q
Q

Qe OO

]

Q

[« NoNalle)

o O

Q

0
Q
Q

—_ D

Q

—

OO0

[o e Neole)

[

[ed¥a)

S OO

QO QOO -0 (el el [= el

OO0

[l =]



Appendiyx

fbsentees.
110 21 f
118 21 ¢
1853 22 m
196 22 ¢
137 23 m
171 23 ¢
145 23 m
2z 25 f
212 25 m
219 20 m
215 25 f
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141 28 m
134 28 f
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