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ABSTRACT 

INVESTIGATION OF THE EFFECTS OF CURRICULUM 

CHANGE ON THE DEVELOPMENT OF CAL IN BTEC 

NATIONAL CERTIFICATE/DIPLOMA AND HIGHER 

NATIONAL CERTIFICATE COURSES IN ELECTRICAL 

AND ELECTRONIC ENGINEERING 

The Haslegrave Report of 1969 led to major curriculum 

curriculum developments in technician education courses in 

further education. These were in the form of Technician 

Education Council (TEC) and Business Education Council (BEC) 

(later to be amalgamated to form Business and Technician 

Education Council (BTEC)) initiated Ordinary and Higher 

National Certificate/Diploma courses. The changes within 

the new Electrical and Electronic Engineering Technician 

courses were greatly enhanced by the impact of the 'New 

Information Technology Revolution.' Together they 

highlighted the need for a greater flexibility in technician 

education. A great emphasis has been placed on the students 

learning by doing. This places a major emphasis on the use 

of a wide range of resources to fulfil such a strategy. One 

such resource which could have significant application to 

the above approach to learning is Computer Assisted 

Learning. However, at present there is little documented 

evidence of its wide use in Electrical and Electronic 

Engineering BTEC courses. 
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This work attempts to investigate the impact that the 

above mentioned curriculum changes have had on CAL 

development within the above mentioned course. 

In order to form an overall impression, models of 

learning and the various learning and teaching styles are 

examined to identify their possible application in the 

development and evaluation of effective CAL 

courseware/software in such courses. 

Along with this a survey of staff from eight colleges 

in BTEC Electrical and Electronic Courses was carried out, 

and observational studies of CAL usage in the classroom.· 

The purpose of such investigations was to build up a picture 

of the present state of CAL usage and development within the 

curriculum changes that have taken place. 

Future developments in the area of CAL are outlined and 

overall conclusions drawn from the results of the 

investigation. 

KEYWORDS: CAL, BTEC, ELECTRICAL AND ELECTRONIC ENGINEERING 

COURSEWARE, SOFTWARE, INFORMATION TECHNOLOGY 
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1.1 General 

CHAPTER 1 

INTRODUCTION 

The use and development of Computer Assisted Learning 

(CAL) in the primary and secondary sectors of education has 

been well publicised and documented (vide Infra 1.3). 

However, in Further Education the picture is a far more 

sketchy one. 

Dramatic changes have taken place over the last twenty 

years in technician education following the Haslegrave 

Report see DES (1969), resulting in the setting up of the 

Technician Education Council (TEC) and Business Education 

Council (BEC) (later to be amalgamated to form the Business 

and Technician Education Council (BTEC), which have 

initiated National and Higher National Certificate/Diploma 

courses in Business and Engineering sectors of Further 

Education. 

With the above factors in mind as well as the rapid 

developments in Information Technology this work has set out 

to identify the effects of these curriculum changes on the 

development of CAL in BTEC courses in Electrical and 

Electronic Engineering. This objective has been 

investigated, using as its main vehicle the questioning of 

lecturers at a number of further education institutions on 

various issues related to CAL and the observation of 

students and lecturers working within a CAL environment. 
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Chapter 1 - This examines the historical developments of 

CAL, and the subsequent developments in CAL within the 

British Education system. The major aims of the work are 

also detailed. 

Chapter 2 - This outlines the models of curriculum change 

and the agents of change, and relates these to the 

developments that have taken place in technician courses in 

Electrical and Electronic Engineering. A discussion of how 

these changes may affect the development of CAL is also 

included. 

Chapter 3 - Considers the theories of learning and the 

subsequent models of learning which can be related to the 

development of CAL courseware. 

Chapter 4 - Examines the different learning and teaching 

strategies and the matching of these to optimise the 

learning process. Student Assessment methods are also 

discussed. The various teaching methodologies are discussed 

to illustrate the place of CAL within the particular 

teaching strategies and the relevance of these to it 

Chapter 5 - Computer Assisted Learning is clearly defined 

and its scope outlined along with the use of the computer as 

a teaching /learning resource. The various modes and types 

of CAL are identified and related to the learning models in 

assessing their use as development and evaluation tools. 

Typical design and evaluation procedures for CAL are 

discussed and the future development of it. 
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Chapter 6 - This outlines the methodologies used in the 

survey of CAL in Electrical and Electronic Engineering 

courses. Three case studies are examined:-

1) Interview of college staff involved in BTEC courses. 

2) Study of students involved in a CAL environment based 

subject area. 

3) Observation of staff and students working with designated 

software packages. 

Chapter 7 - The various observations and views established 

during the work are drawn together to produce final comments 

on the overall situation and the future outlook. 

1.2 Historical Background 

The United States of America in the 1950's was probably 

the first country to study the instructional uses of the 

computer. The early foundations for CAL lie in the 

developments that took place in programmed instruction and 

the associated use of mechanical teaching machines. 

Skinner(l961) originated the technique of programmed 

instruction borne out of the principles of operant 

conditioning, with which he is associated. This work on 

programmed instruction proposed that the best way of 

tackling a learning task was to break it down into a series 

of small subtasks and then tackle each one of these in turn. 

As a means of reinforcing learning, student mastery of a 
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subtask would be rewarded in an appropriate way. On 

successful completion the student would be encouraged to 

tackle the next one. If difficulty with a subtask was 

encountered the learner's progress would be impeded until 

the necessary level of attainment had been achieved. This 

was effected by means of extra help and tuition - in other 

words remediation. This type of programming was termed 

linear programming and in the form of· YES/NO answers on the 

early teaching machines. In contrast to this was the 

branching form of programming. It was Crowder (1959) who 

developed this approach and wrote that :-

'the essential problem is that of controlling a 

communication process by the use of feedback. The 

students response serves primarily as a means of 

determining that the communication process has been 

effective and at the same time allows appropriate 

corrective action to be taken.• 

Whilst the basic belief that student's 'learned by 

being told ' remained, the emphasis was now on the 

exposition itself being sensitive to the requirements of the 

student at all times, with the implication that this 

sensitivity demanded an analysis of the students actual 

responses. This form of programming often called intrinsic 

programming served to cater for a more applicable approach 

to different student abilities via its branching type 

approach to different responses. The early type of programs 

on the teaching machines following Crowder's approach were 
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in the form of Multiple Choice questions. 

In contrast to this Computer Assisted Learning offered 

a greater flexibility. A computer may be programmed to 

•understand' a wider range of responses from the student 

terminal. 

The earliest CAL program, see Rath (1959) is thought to 

have been developed at IBM in the late 1950's. It was part 

of a project concerned with basic psychological research 

into memory and learning. The use of the computer, as an 

automated teaching machine, dominated educational 

applications of computing in the early 1960's. The 

supporting courseware for such applications was based upon 

similar techniques used in programmed learning tests. 

An example of note, see Bunderson and Dunham (1968), of 

an early computer system developed for instructional 

applications was the IBM 1500 instructional system. It was 

a joint project between IBM and Stanford University and 

probably the first CAL system to integrate multi - media 

learning techniques. Incorporated into the system was a 

central processing unit (CPU), with bulk storage of data on 

magnetic tape and exchangeable discs, a station controller, 

range of peripheral devices including a card reader and line 

printer. The student terminal consisted of a cathode ray 

tube (CRT), a keyboard and a light pen which enabled the 

student to make responses by touching the screen of the CRT. 

There was also an image projector having a capacity of 1000 
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slides which could be randomly accessed under computer 

control plus a set of earphones and a microphone to complete 

the multi-media resources available. Audio messages via a 

bank of audio tape devices could be played to the student, 

being randomly accessed under computer control. These 

resources could be augmented by filmstrips and reference to 

textbooks and other conventional learning media. 

The above system was used on projects at the elementary 

level of teaching which began at Stanford University in 1965 

under the direction of Patrick Suppes. 

Another important historical development occurred in 

1960. A committee was formed at the University of Illinois, 

with the brief to consider the possibility of using 

computers in teaching of psychology education and 

engineering. No agreement was however reached. Bitzer 

(1976) evaluated the committee's report and recommended the 

following action 

'that the computer should be used initially for sorting 

and tracking student's pedagogical behaviour.' 

Subsequently an attempt to teach computer programming 

was initiated. Bitzer et al (1962) outlined work which 

formed the basis of the first PLATO CAL system outlined 

briefly in the following paragraphs. 

The early types of CAL system were almost all based on 

the use of a large time-shared computer system either a 
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mini-computer or a mainframe. To this was attached a 

number of student terminals or workstations. There was thus 

a one-to-many relationship between the computer and the 

student base that it supported. Typical examples of this 

approach to the provision of CAL facilities include two 

major American initiatives financed by the National Science 

Foundation of America (NSF) detailed as follows :-

1) That outlined by Bitzer (1976), the PLATO system (an 

acronym for Programmed Logic for Automatic Teaching 

Operation) at the University of Illinois, the 

development of which was sponsored by the Control 

Data Corporation. 

2) Merrill (1980) describes the TICCIT system (Time -

shared Interactive Computer Controlled Information 

Television) that was produced by the Mitre 

Corporation. 

The third example shown below is an early British 

initiative set up by the government. 

3) Hooper and Toye (1975) outline the various projects 

sponsored by the National Development Programme in 

Computer Assisted Learning (NDPCAL). This 

initiative is discussed further in section 1.3. 

Both 1) and 2) were approaches to CAL based on the 

large main frame computers. Although this mode of CAL 

implementation has led to many very successful projects,in 
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general, this approach can often be thwarted by a number of 

significant limitations :-

1) the relatively high cost of this type of computer 

system. 

2) the questionable reliability of the hardware. 

3) the low overall availability of the CAL system. 

4) the easily degraded performance. 

5) the limited interaction environment that is normally 

available. 

An alternative approach to the use of larger machines 

is the use of small computers in particular the utilisation 

of micro-systems and personal computers. Indeed, the 

arrival of this type of computational resource in the 1970's 

brought about an explosive revival of interest in CAL after 

the somewhat disappointing experiences with it on large 

machines as outlined earlier. 

The distinguishing feature about a micro or personal 

computer is the fact that there is a one-to-one relationship 

between the computer and the student. This enables a more 

interactive environment allowing the student more control of 

the situation. 

O'Shea (1983) identifies and summarises the various 

approaches to CAL in the 70's see Table 1.1 Appendix 1. 
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1.3 CAL in Schools 

The initial impact of computer assisted learning (CAL) 

came in Europe with the promotion of government financed 

national projects. One of the first on an any scale was the 

French National Experiment in Educational Computing begun in 

1970. It was aimed in the main at secondary education. An 

important facet of this project was the provision of 

intensive in-service training courses in computing and CAL 

for a nucleus of teachers. Once they had been trained it 

was intended that these teachers should then produce 

courseware and disseminate it to their colleagues in other 

parts of the country. Similarly within the United Kingdom 

the widespread development of CAL was first proposed when 

the government set up the National Development program in 

CAL (NDPCAL) in 1973. O'Shea and Self (1983) defined its 

aims as follows :-

'to develop and secure the assimilation of computer -

assisted and computer - managed learning on a regular 

institutional basis at reasonable cost.' 

During its 'lifespan' an assortment of twenty-nine 

projects were supported, involving some 700 teachers in 

forty-nine different institutions, with a bias towards 

science teaching in the tertiary sector of education as 

outlined in Hooper (1977). By 1977 it had aimed to put CAL 

into a number of institutions.to provide funding beyond 

1977. However its rather dated programs and the 
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introductio~ of graphics ensured this did not take place. 

The major start came in 1980 when the Microelectronics 

in Education Programme (MEP) was initiated under the 

Directorship of Richard Fothergill. Its purpose as a five 

year •pump priming• funding to get schools started, had a 

twofold aim as outlined by Anderson (1985) :-

'1) that children should understand new technology and 

its use in and effect on society. 

2) that teachers should be encouraged to make use of 

technology to improve effectiveness of teaching.' 

This was closely followed by the Department of Trade 

and Industry's (DTI) 'Micros .. in School Scheme' which Linn 

( 1985) outlined as follows :.-

'Under the scheme, secondary school teachers had to 

choose either an RML 380Z or a BBC Acorn microcomputer. 

This selection of microcomputers was justified on the 

grounds of their British manufacture•. 

In 1982 this scheme was extended to the primary sector. 

Alongside these developments the BBC Computer Literacy 

Project was introduced in 1982 with the aims of introducing 

interested adults and younger students to the world of 

computers and computing, and to provide the opportunity for 

viewers to learn, through direct experience, how to program 

and use a microcomputer. The series was based around the 

Acorn BBC computer which was being supplied to schools. 
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This was complementary to the work being undertaken by MEP. 

A major influence on information technology and CAL 

since its inception in 1967 has been the Council for 

Educational Technology (CET). It is the central 

organisation for promoting development and application 

technology at all stages of education and training 

throughout the U.K. CET advises other bodies, initiates and 

helps in development programmes in all sectors of education 

and training, including CAL and the development of computer 

-controlled media cataloguing, CET along with the Open 

Learning Federation was at the forefront in promoting open 

learning in the U.K. Vincent and Vincent (1985) outlined 

its role in I.T in the following terms :-

'CET has a major development programme on I.T; but, 

increasingly I.T is seen as having implications for 

every aspect of CET activity, including its own 

organisations ways of working. New information 

technology generates much activity which the CET. 

believes is a major ingredient in learning; thus 

harnessing provision and organisation of educational 

opportunities is one of CET's concerns. It provides 

advice and guidance on implementing and integrating 

I.T into existing teaching methods.• 

Among its main areas of interest are Videotex, 

Telesoftware, Teleconferencing, Interactive Video, Cable, 

Administration/Management Information Skills, Equipment 
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Standards, Training, and of course Microcomputers, where its 

main areas of association have been - responsibility for 

Microelectronics Education Programme (MEP) accounts and 

publishing. Also with applications of microelectronics in 

special education. It has established a network of regional 

information centres. CET had been involved in a feasibility 

study looking into the idea of a National Microelectronics 

Database. STATUS a powerful management database developed 

by the Atomic Energy Authority was set up as a trial 

database. 

DES (1984) issued a circular which outlined the 

Education Support Grants Scheme with the aim to encourage 

Local Education Authorities to redeploy a limited amount of 

expenditure into activities which appeared to the Secretary 

of State to be of particular importance. The programme has 

three parts, hardware, staff development and courseware. It 

was aimed to assist authorities in providing for students 

studying vocational subjects, which take account of the 

increasing use of information technology in the world of 

work; not just those associated with computing technology. 

The effect being to enable the students to become 

sufficiently knowledgeable and skilled in I.T. The support 

grant was made available to schools, universities and 

colleges of further education. In the latter case it was 

aimed at extending the awareness of I.T into Non-Advanced 

Further Education (NAFE). 
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In 1986 the Micro-Electronics Programme came to an 

end and was replaced by the Microelectronics Support Unit 

(MESU). MESU (1987) outlines the main tasks given to the 

unit as being :-

1) to provide curriculum materials which will help 

teachers use the computer across the curriculum 

where appropriate. 

2) to provide an information service that informs 

about such things as available software and 

hardware; curriculum materials; examples of good 

practice; conferences and training opportunities 

and curriculum development work in hand (and 

anything else that we are told might be useful). 

3) to support in any way possible the activities of the 

pre-and in-service trainers. 

4) to continue and develop the work begun by MEP in 

Special Education. 

In April 1988 MESU was amalgamated with CET to form the 

National Council for Educational Technology (NCET). 

NCET (1989) defined the objectives of the National 

Council as :-

'To support, encourage, promote, develop, apply and 

maintain, the use of learning systems and new 

technologies (including microcomputers, electronic 
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systems and other aspects of information technology) 

to all aspects of education and training in all part 

of the United Kingdom; the focus to be on the learning 

process.' 

During the period of these developments three major 

programming languages emerged to provide important 

connotations for the future. 

In 1967 Bolt, Beranek and Newman devised a problem 

solving programming language called 'LOGO", subsequently 

developed at the Artificial Intelligence Laboratory at the 

Massachusetts Institute of Technology. According to Papert 

(1973): 

'the theory underlying this work draws on ideas from 

the Piagetian tradition of thinking about children and 

from those aspects of artificial intelligence concerned 

with thinking in general.' 

Piagetian thinking led Papert with the aid of LOGO to 

create a unique learning environment via the medium of 

the microcomputer. In 'Mindstorms' Papert (198Q) he places 

the emphasis on children discovering knowledge through the 

exploration of •computer microworlds.• Goldenburg (1982) 

defined these as:-

•a well defined but limited, learning environment in 

which interesting things happened and in which there 

are important ideas to be learned.' 
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These important ideas are analogous to Papert•s 

'powerful ideas• which are essentially cognitive skills 

valued by society. 

The LOGO language is widely available for BBC and RM 

machines, microcomputers marketed as 'LOGOTRON'. The 

software plus the use of the 'LOGO TURTLE' have been used in 

a number of primary schools to good effect, though perhaps 

not on as wide a basis as one might have expected. 

Clocksin and Mellish (1981) outlined the development of 

'logic programming' in particular the language PROLOG which 

is essentially a notation for predicate logic. It is a 

language which has applications in artificial intelligence 

/expert system technology and is the language currently 

being used in the Japanese 5th Generation Computer Project 

see FEU (1989). 

It has been claimed that among the main advantages of 

PROLOG is that it enhances logical thinking whereas LOGO 

improves problem solving strategies. 

Another important language that came to the fore during 

the 70's and 80's was SMALLTALK evolved around the late 60's 

early 70's. In the early years SMALLTALK was envisaged as a 

medium for school age pupils to acquire extensive 

programming skills. In 1970 the designers encouraged by the 

work on LOGO were as Kay and Goldberg (1977) mention: 
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'interested in focusing on children as our user 

community.' 

By 1976 it is regarded as a communications medium for 

children of all ages. In 1981 it was clear that the 

SMALLTALK-80 system was not a language for children. 

Goldberg and Ross (1981) referring to it instead as: 

'focuses more on software development for the 

professional.' 

Today it is very much regarded as an author language 

offering possibilities in the area of artificial 

intelligence. 

Despite these and the earlier initiatives in promoting 

the development of Information Technology and Computer 

Assisted Learning there have still emerged major criticisms 

concerning both the hardware and software provisions in the 

area of CAL. The following comments are typical of such 

criticisms. 

Coburn (1982} implies that:-

'there is widespread agreement that the state of the 

art of educational software development leaves much to 

be desired. • 

Braun (1981) considers that: 

'Much of it is poorly programmed and/or pedagogically 

inadequate.' 
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Hawkridge {1983) states: 

'Critics of new information technology point out, with 

some justification that the courseware available so far 

for use in the new machines is inadequate in quality, 

quantity and variety.• 

Braun {1981) recognised that it is difficult to know 

how to solve the problem of teacher commitment to computers 

in school and could only suggest financial incentives 

incurring a Government Solution. O'Shea and Self {1983) 

believe that artificial intelligence {AI) could prove to be 

the answer. As an alternative Hawkridge {1983) states 

'education needs fundamentally new instructional 

paradigms. ' 

Self {1983) says that: 

'Psychology has not produced the answers and if it does 

not, with little sign at present it must be concluded 

that we shall be unable to take full advantage· of the 

new information technology in education.' 

A major criticism of several noted education computer 

experts is the fact that most schemes put forward to 

stimulate the growth and use of computers, and CAL in 

education are short term initiatives by the Government with 

more of a political motive rather than educational. 
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All of these criticisms have some validity and 

hopefully the discussion in Chapter 7 in the final 

conclusion, will allay some of the fears they raise. These 

criticisms levelled at Educational Computing appear to paint 

a gloomy picture. However, two recent initiatives would 

appear to show a change in the right direction. 

The most recent of the two was by the Department of 

Trade and Industry in February 1989, to inject four million 

pounds into L.E.A.'s for the provision of computing 

equipment and peripherals to use in Design and Technology 

courses in schools. The money can be spent in one of two 

ways. Up to half of it can be spent on part A, on 16 and 32 

bit equipment only; alternatively all of it can be spent on 

part B. 

Part A allows authorities to buy 16 or 32 bit computers 

and software to provide a complete package for: 

Desktop Publishing 

Computer Aided-Design (CAD) 

Business i.e. word-processing, spreadsheets, databases 

and graphics. 

Art and Design - any packages the teacher reasonably 

uses in design and technology courses. 

The other half of the money can be spent on part B 

items; High quality printers i.e. laser or 24 pin dot 
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matrix, Plotters, Scanners or digitizers, Control Technology 

packages and Software for Desktop Publishing, Art and Design, 

and Business Studies. As an alternative to the above 

approach all of the money can be spent on part B items. 

Lewis (1989) intimates that: 

'Each authority must ensure that the equipment and 

systems purchased are used across the curriculum and age 

range (at least 20 per cent of the money must be spent on 

primary schools) and to ensure that pupils have become 

familiar with designing processes and have had experience of 

applying them to real life tasks.' 

The DTI will expect a report after a year and provides 

the names of contacts at the five computer companies with a 

major interest in the education market - Acorn, Apple, 

Commodore, IBM and Research Machines. All five have 

appeared to have responded very quickly and have put 

together special packages. 

The second of these is the development of the National 

Curriculum from 5- 16 see DES (1985). All the National 

Curriculum Subject Working Groups are being asked to 

indicate the potential for using information technology (IT) 

and developing capability in its use in their particular 

areas. The Design and Technology Curriculum Working Group 

had been asked to recommend attainment targets and 

programmes of study which provide a framework for the 

development of IT capability across a range of subject 
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areas. 

DES (1989) in its Aims of IT in schools section makes 

the following statement: 

'It has a critical role in enhancing the learning 

process at all levels across a broad range of 

activities including but going beyond the National 

Curriculum. Through the use of IT in the curriculum, 

schools will be helping pupils become knowledgeable 

about the nature of information, comfortable with the 

new technology and able to exploit its potential.' 

This quote and the Aims of IT in schools and Objectives 

for IT 5-16 shown in Figures 1.1 and 1.2, Appendix 1 

respectively indicate the efforts to produce a cross 

curricular approach to IT and its use as a 'tool' and for 

simulations. 

Further to this the National Curriculum Council (1989) 

document emphasises as shown in Figure 1.3, Appendix 1 that 

IT capabilities should be developed cross curricular 

activities, with the emphasis on flexibility and pupils 

taking greater responsibility for their own learning. 

Clearly an indication towards a student-centred learning 

approach. 

The two initiatives described previously would appear a 

step in the right direction towards producing compatibility 

of hardware amongst the various schools which could result 
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in greater incentives to produce more acceptable software. 

1.4 CAL in Further Education 

A great deal has been written about Computer Assisted 

Learning within the schools environment. The above 

paragraphs have briefly outlined these developments and the 

resulting criticisms concerning the course these 

developments have taken. However, the parallel picture for 

CAL developments in the Further Education Sector, and in 

particular in the area of Electrical and Electronic 

Engineering is little reported and documented. However, 

there are certain schemes and initiatives which have had an 

affect. The CET organisation described previously has as 

its specification both coverage of schools and further 

education. A recent initiative with which it has been 

involved has been the Interactive Video in Industry and 

Further Education (IVIFE) incorporating material for 

Electronics, this is outlined in Chapter 5, Section 5. 

Another body which has had a specific influence on 

further and higher education curriculum developments 

involving such as those in Information Technology including 

CAL is the Further Education Unit (FEU). This was set up in 

1977 as the Further Education Curriculum Review and 

Development Unit, but renamed as FEU in 1983. Its remit is 

outlined in FEU (1988) as follows: 

a) to review and evaluate' the range of existing 

curricula and programmes. 
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b) to determine priorities and recommend improvements. 

c) to carry out curriculum studies. 

d) to disseminate FE curriculum information. 

In terms of their actual commitment to Information 

Technology FEU has continued to support the permeation of IT 

into Further and Higher Education curricula. This includes 

the work of the Courseware Unit and initiatives in fifth 

generation computing. 

The Courseware Unit was set up in 1985 when the 

Department of Education and Science designated FEU as a 

respository for items produced under the ESG courseware 

programme. The work of the Courseware Unit now extends 

beyond ESG. It has a database of over 400 items of ESG 

courseware in production or already completed. This data is 

updated termly. There is also a Courseware Newsletter, 

containing articles of general interest to those wishing to 

integrate IT into Further and Higher Education. The first 

printed directory of courseware was published in April 1987 

and the growing collection of previews have been given to 

NERIS (The National Educational Resources Service). This 

means that previews can be searched on line through Prestel. 

Other valuable work of the unit see FEU (1987) has included 

the following projects RP(385 overseeing the production of a 

guide to authoring languages RP(407), involvement in the 

evaluation of the funding of the Manpower Services 

Commission Artificial Intelligence programme of education 
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and training and RP(410) the evaluation of open learning 

materials. 

Two other major projects which are of importance are 

now outlined. One the FEU (1983) The Computer Literacy 

document outlining the reasons for inclusion of some form of 

computer literacy in further education and the incorporation 

of IT into the curriculum. The authors of this document 

suggest that: 

'it should include awareness of computer jargon, 

computer systems, the skills to perform useful 

tasks by means of a computer and some minimal 

experience in the writing of a computer program 

using either normal High level languages or 

author languages.' 

The authors make reference to the use of CAL to assist in 

such programs. 

The second of these is detailed in FEU (1985) which 

documents a study on Computer Based Learning in Further 

Education. A major aim of this study was to raise the staff 

awareness of the use, acquisition and evaluation of computer 

based learning materials. Also to encourage the generation 

of new ideas and initiatives in new courses and associated 

curriculum development. 
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Apart from the above initiatives outlined there have 

been major curriculum changes since the early sixties in 

further education. This is discussed in detail in Chapter 

2. It has resulted in the formation of new BTEC (Business 

and Technician Education Council) Ordinary and Higher 

National Certificate/Diploma courses in Electrical and 

Electronic Engineering amongst others. This was a result of 

the Haslegrave report (1969). Along with the changes in 

Information Technology this has resulted in courses with a 

high Microelectronics/Microcomputing content. However, in 

the main the computers have been_mainly associated with the 

specialist subject, such as microprocessor systems. This 

has usually entailed the use of single board microcomputers 

for assembly language programming. With some applications 

written for BBC and IBM compatibles by education equipment 

manufacturers for use of the computer as a controller. 

Applications in the area of general purpose CAL have 

been either scantily reported or are non-existent. It is 

with this state of affairs in mind, the recent introduction 

of the Education Reform Act see DES (1988) and the National 

Council for Vocational Qualifications see NCVQ (1989) that 

an investigation into both the present and future use of 

Computer Assisted Learning in BTEC National and Higher 

National Certificate Courses in Electrical Engineering see 
• 

DES (1969) would be an extremely useful exercise in the 

light of current changes taking place in the field of 

further education. 
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The subsequent chapters attempt to outline the 

resulting findings and the conclusions drawn from them. 
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2.1 General 

CHAPTER 2 

CURRICULUM 

Changes in society, in political perspectives and in 

peoples views about what is permissible and what is not, are 

but three areas of change which affect views about what is 

taught in schools and colleges, and whether what is taught 

should be changed. 

Conditions of the economy and technological changes also 

influence how people think about the content of education. 

Should it be, for example, more vocational and less 

acade~ic, should there be a basic core of subjects and 

fewer choices, should work experience be compulsory and, 

in different direction, should every effort be made to 

preserve the teaching of the arts as a unique area of 

educational experience? At present both unemployment, 

an immediate concern,· and the microprocessor, a fundamental . 

technological change, are cited as justifications for a 

more vocationally oriented curriculum and for the compulsory 

teaching of computer studies and information technology. 

Interest in the content of education, in the curriculum, 

is not, of course, simply a contemporary phenomenon. It has 

many historical counterparts. Over 2000 years ago Plato was 

interested in what the leaders of an ideal state should be 

taught, and many philosophers and statesmen since have 

pondered the educational problems of society. The reason 
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for their interest is simple: the content of education, the 

curriculum, is at the heart of the educational enterprise. 

It is the means through which education is transacted. 

Without a curriculum, education has no vehicle, nothing 

through which to transmit its messages, to convey its 

meanings; to exemplify its values. The assumption has been 

made that the terms 'curriculum' and 'the content of education' 

mean one and the same thing. This is a valid assumption if 

by the content of education is meant the course of study to 

be followed in becoming educated. This is in fact the oldest 

known meaning of the word curriculum. 

Perhaps a more fitting definition of curriculum for 

further education purposes is that of Vincent and Vincent 

(1985) who defines it as:-

'covering the purpose or general direction of an 

educational institution, and what is actually learned 

in the classroom by the students•. 

Stenhouse (1975) calls these two views of curriculum 

the 'reality' and the 'intention•. 

Whilst it appears difficult to form a consensus of 

opinion concerning the definition of curriculum, that of 

curriculum change is more clear cut. Curriculum change is 

a term used to cover both innovation (which implies a 

complete break from what has gone before) and development 

(which is a modification of what has gone before). It is 
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appropriate therefore to consider innovation and development 

as part of a continuum with innovation at one end and 

development at the other. 

What makes curriculum change of great importance in 

education is that it may denote bringing about changes in 

methods of teaching and learning as well as changes in the 

programmes and or courses. Such changes that have and are 

taking place in the further education sector at present make 

it important for us to look at the theories and models of 

curriculum and how subsequent changes may affect the use of 

computer assisted learning as a learning vehicle in the new 

stratagems of BTEC and the NCVQ. 

2.2 Agents of Curriculum Change 

Curriculum changes in further education are subject to 

the constraints of the particular organisation and to 

various outside agencies. Vincent and Vincent (1985) outline 

the following as agents who play a part in curriculum change 

in further education. 

1. Department of Education and Science (DES); the local 

education authorities (LEA's); and the Manpower 

Services Commission (MSC) now renamed the Training 

Agency • These three are the main resource 

providers (the role of the MSC has grown in recent 

years with the increase in unemployment). 

-28-



2. Her Majesty's Inspectorate (HMI's); LEA Advisers; 

regional advisory councils; schools; polytechnics; 

universities; the further education unit (FEU); the 

local consortia associated with the 'Mode 3' General 

Certificate of Education. 

3. The curriculum validating agencies such as the 

Business and Technician Education Council (BEC and 

TEC), which amalgamated in 1983 to form BTEC; the 

City and Guilds of London Institute; the Council for 

National Academic Awards; the Central Council for 

Education and Training in Social Work; the National 

Nursery Examination Board; the Royal Society of Arts; 

the Union of Educational Institutions; the Institute 

of Management Services; the MSC; the industrial 

training boards. The members and officers of all 

these bodies must be included as part of further 

education curriculum change. 

4. The employers; the industries. 

5. The colleges, their administrative and teaching 

staff, and their students and prospective students. 

6. Pressure groups. 

A further four can be added to this list as they have 

and will have in the future an impact on further education 

curriculum. 
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1) TVEI - This was first introduced in 1983 as a pilot 

· scheme, and was intended to enhance the quality of technical 

and vocational education for 14 to 18 year old students of 

all abilities. It marked the first direct intervention of 

the Manpower Services Commission (MSC) now called the 

Training Agency in schools provision and was unusual in that 

the contract was between MSC and LEA's. The extension of 

TVEI is unique as an educational initiative in that it has 

the aim of being accessible to all students in the 14-18 age 

range. It is planned that all such students should be 

engaged in TVEI extension by 1992. 

The fundamental difference between pilot and extension 

is that the TVEI pilot programme was confined to a small 

number of pupils who in some cases took additional pre 

-vocational options and in others received 'enhanced' 

learning programs. For a variety of reasons the 'bolt on' 

option method has rarely been effective while enhancement, 

attempting to deliver TVEI objectives through the main 

program of study is difficult to achieve. 

The TVEI extension was announced as a national programme 

in Working Together (HMSO 1986). It has developed from the 

initial concept of a set of work-related and/or technological 

options to being an agent for change across the whole 

curriculum. The intention is to provide a wider and richer 

curriculum supporting broad balanced education for all young 

people. TVEI is now as much about curriculum delivery as 

design, and emphasises learning processes in addition to 
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subject content. TVEI developments are also being used by 

LEA's as part of school/college consortia management 

arrangement and for authority - wide strategic planning of 

provision. 

The FEU (1989) see this common curriculum as more than 

a set of subjects or a course; in other words, it is more 

than the content of a learning programme. It should also be 

seen more as that which is experienced by learners, than 

that which is taught ••. involving all of those planned 

educational processes which facilitate, or if they go wrong 

inhibit learning. 

2) CPVE - This is a national award set up in 1984 based 

on a framework within which a programme of approved learning 

and work related experiences may be constructed. It is 

offered jointly by BTEC and City and Guilds with an award 

on completion of such a programme. It is based around five 

core areas and five vocational areas. The normal length of 

the course was 1 year for post 16 year old students i.e. 

sixth formers and could be studied alongside 'A' levels. 

However from September 1989 following an evaluation of CPVE, 

it will now be a 2 year course. The new system provides the 

breadth and balance required to meet the needs of TVEI. 

Elliott (1989) implies that:-
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'Recent independent studies by several LEA's have shown 

CPVE to most closely meet the concept of an Entitlement 

Curriculum for Post - 16 students. The emphasis 

throughout the course is on negotiated experiential 

learning'. 

Strong tutorial support is essential with reviewing of 

achievements and the setting of new agreed targets. 

Certification being by a record of achievement which sets 

the achievements in context. Relevant work experience is an 

important course requirement. NCVQ & CPVE. (1989) leaflet 

outlines the broad purpose of it as follows :-

• .•. CPVE provides opportunities to demonstrate the 

ability to learn to employers, college selectors, 

parents, and holders themselves. In this way students 

can demonstrate their potential for further vocational 

education and training. The programme also allows 

the students to make informed realistic choices about 

future employment training and qualifications'. 

3) NCVQ - The National Council for Vocational 

Qualifications (NCVQ) was set up in October 1986 following 

the government initiated review of vocational qualifications 

in 1985 and the subsequent report of April 1986. It is an 

independent body set up with two key aims TUC (1988); 
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1) to establish a National Vocational Qualification 

(NVQ) framework which is comprehensible and 

comprehensive, and to facilitate access, progression 

and continued learning. 

2) to improve vocational qualifications by basing them on 

the the standards of competence required in employment. 

The role of colleges in the above scheme was clearly 

defined by the NCVQ. Since the new NVQ's will require the 

development of assessment methods which recognise competence 

as defined by industry, and the parallel development of 

complementary learning opportunities, the NCVQ see the 

colleges role as follows, (NCVQ Series 2 1986) :-

1) providing high quality learning opportunities through 

modular training, open learning packages, computer 

assisted learning, and experiential learning as well as 

through traditional courses. 

2Y providing consultC!ncy and guidance services to help 

design and run effective training and assessment 

programmes. 

3) staff development and training for those in industry 

and education. 

The establishment of the NVQ framework and relational 

developments will create opportunities for colleges to 

provide a high quality and flexible training and 

certification service. Success in taking advantage of these 
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opportunities will be gained by developing attitudes which 

reward enterprise and support new ways of working. This will 

involve making the right contacts with employers to clarify 

and define their needs, and ensuring that the assessment of 

trainee's competence is conducted rigorously. The challenge 

as seen by the NCVQ (1986) is :-

'is to establish not only a 'learning society' in. which 

self-improvement is a natural process, but a qualified 

society in which individuals, employers and the 

community at large know and value what has been 

achieved through qualifications.• 

Though the list is quite formidable it is by no means 

exhaustive; it does serve however to underline the scale of 

the problem. 

What then of the strategies to bring about change; 

Hoyle (1969) indicates that a 'power coercive' strategy is:-

• ••• the most common form of administrative intervention 

to secure change' , 

However, Hoyle adds that there is a strong sentiment 

against using this kind of strategy in education because 

without the commitment of both the teachers and the 

students educational ends cannot be achieved. Taba (1962) 

argues that:-

'changing the curriculum means changing people and 

institutions' • 
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Power coercive strategies are one of three broad 

categories of planned organisational change identified by 

Chin (1968), the other two categories are 'normative­

educative' and 'empirical- rational'. They can be 

summarised as follows :-

Power - coercive - These strategies are based upon the 

use of power to alter (by limiting alternatives directly 

influencing actions, and shaping the consequences of acts) 

the conditions under which other people act. This is the 

same as political conflict that invariably arises,as 

Kogan (1978) points out:-

'whenever education seeks to move forward'. 

Nor,say Bennis, Benne and Chin (1969), is it:-

• •.• the use of power, in the sense of influence by one 

person upon another or by one group upon another, which 

distinguishes this family of strategies from those 

already discussed. Power is an ingredient of all human 

action'. 

Power coercive or political administrative strategies 

emphasising political, legal, administrative and economic 

power as the main source of overall power. Per Dalin(l976) 

cites the use of guilt and shame, sentiment, and moral power 

as other coercive strategies. 
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Normative re-educative - These strategies derive from 

the social psychology of Kurt Lewin, and earlier John Dewey 

and Sigmund Freud. These strategies do not see the problem 

of innovation as a matter of supplying the appropriate 

technical information:-

• .•• but rather a matter of changing attitudes, skills, 

values and relationships .•• Acknowledging the client's 

value system•. 

The change agent has to learn to work collaboratively 

with the client in order to solve the client's problem. 

Bennis, Benne and Chin (1969) mention in relation to 

strategies of this kind, two groups of strategies:-

a) those which improve the problem solving 

capabilities of a system; and 

b) those that release and foster growth in the persons 

who make up the systems to be changed.' 

Per Dalin (1976) claims,emphasis has been placed on 

releasing creativity in persons, groups and organisations to 

cope with increasing social changes. These strategies do 

not believe, as do the third type of strategy, the empirical 

- rational, that creativity has to .be imported from outside. 

However normative re-educative strategies recognise the 

importance of knowledge as a source of power. The flow of 

information going from those who know to those who do not 

know is a source of power. This is recognised by all of the 
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strategies. 

Empirical-rational - These strategies appeal to the 

intellect, by demonstrating the greater effectiveness of 

some new practice or idea over existing ones. Young (1970) 

has shown that the method involves linking innovative 

processes with research and development. Hoyle (1969) 

mentions that these strategies often utilise consultants to 

establish the link between knowledge and change. He also 

claims that while this has probably been the major approach 

to curriculum in the U.K. consultants have placed emphasis 

on content and have neglected change processes within the 

schools and colleges. 

A profile of the position of change on a continuum 

incorporating the college, the course, the aspect of the 

course is a necessary starting point before contemplating 

strategies for curriculum change. Bolam (1976) argues that 

there are two major dimensions involved in change: (a) the 

process of innovation over time and (b) the system of 

change. He offers a conceptual framework, which has what he 

calls 'modest purposes', to his overview of the field. He 

takes each of the following four factors: the change agent; 

the innovation; the user system; and the process of 

innovation over time, and explores them in great detail. 

Finally the limitations and strengths of the conceptual 

framework are considered in relation to an actual complex 

innovation. He considers the period during the 'innovation 
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process' to be the most complicated as far as understanding 

the outcome of the innovation is concerned. At this stage 

the key questions are to do with the strategies, the modes 

of communication of the change agent, and the response of 

the user to them and the 'innovation•. His model is simple 

and operational and although he intimates it falls far short 

of its ultimate purpose, nevertheless it seems clear that 

all four factors are relevant to an understanding of the way 

in which changes do or do not take place. 

2.3 Curriculum Theory and Design 

2.3.1 Educational Ideologies 

The ideological perspective is a useful one in helping 

characterise the nature of current discussion in education. 

Taylor and Richards (1985) defines ideology as:-

•a system of beliefs and values held in common by 

members of a social group, each of whom draws on this 

system of meanings in explaining the world or part of 

it (e.g. education)'. 

Ideologies contain both factual and evaluative ideas 

which are taken for granted within the ideology. Ideologies 

articulate members' views of reality (or part of it), 

present these in a more or less coherent form and compete 

with other ideologies for acceptance of their views by other 

people in a society. 
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Educational ideologies represent different clusters of 

beliefs, values, sentiments and understandings, but all 

purport to explain what education is and its relationship to 

society. 

The interplay among ideologies in any education system 

influences greatly the way in which education is conceived 

by those who work in the system or by those who are its 

clients and consumers. On this view what counts as 

'education' is ideological in character and varies with the 

struggles, negotiations and compromises among groups each 

with its own ideology. 

navies (1969) put forward a four fold classification of 

major educational ideologies. 

Conservative - This stands for stability in the curriculum, 

emphasising a continuity with the past, interested in 

transmission of culture from one generation to the next. 

The learning process is towards teacher domination rather 

than child/student centred. 

Revisionist - This ideology values modernisation, efficiency 

and the expansion of education to produce a skilled labour 

force. Educated manpower is regarded as one of the nation's 

greatest assets in international economic competition. An 

effective, updated curriculum is seen as an essential 

component of the nation's ability to compete. This ideology 

values scientific and technological studies and aims to make 

these available to any pupil/student provided he/she has the 
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'ability•. Such an ideology was a major thread in the 

'Great Debate' of 1976-77, subsequent official publications 

and recent developments such as the Technical and Vocational 

Educational Initiative. 

Romantic - This centres on the individual rather than the 

nation. It is very much a child centred approach with the 

emphasis on; 'play•, creativity, 'discovery•, and themes. 

An hierarchy of knowledge forms is not recognised, but a 

more subjective view of knowledge is held; with children 

constructors of their own reality. Its main philosophy is 

an advocation of teaching as a process of mutual 

exploration between near equals; it views childhood as 

valuable in its own right and children as seekers after 

their own meaning. 

Democratic - This advocates such values as equality of 

opportunity, supporting change in education and the wider 

society in order to realise this. It stresses importance of 

creating a common culture and a genuine democracy in which 

all social classes can participate on equal terms. Concepts 

such as 'equality of educational opportunity•, •relevance•, 

•continuing education• and 'democratic participation•. It 

talks of •opening doors' to knowledge, providing •access• to 

the 'high culture• for all building on a common core of 

meanings. Common schools and a common curriculum feature 

prominently as part of its platform incorporating open 

learning. Teaching is seen as open to negotiation between 

teacher and pupil/student: knowledge is objective, but 
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----------------------------------------------------------

needs constant reinterpretation in contemporary terms. All 

pupils require access to these knowledge structures, though 

the importance of their everyday experience and common sense 

knowledge is also acknowledged. 

Scrimshaw (1976) outlined an alternative typology. He 

distinguishes five major educational ideologies:-

Progressivism - This views education as a means of meeting 

individual needs and aspirations. It encapsulates 

creativity, discovery and experiential learning towards a 

student centred approach. 

Instrurnentalism - This ideology stresses the responsiveness 

of education to the requirements of the current socio­

economic order. It was started by Jim Callaghan in his call 

for the 'the great debate' on education. The ideology bears 

a great closeness to the revisionism ideology of Davies. 

Reconstructionism - This conceives of education as an 

important way of moving society in desired directions. 

Classical Humanism - This is where education serves the 

function of transmitting the cultural heritage. It contains 

elements of conservatism, based on forms of knowledge and 

concepts. 

Liberal Humanism - This acknowledges the importance of the 

intellectual disciplines for all pupils/students and seeks 

to help create a common culture and participatory democracy 

through the provision of common educational experience. The 
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, 

national curriculum and its initiators Kenneth Baker and the 

H.M.I.'s (H.M.I 1985) embody this ideology. It is a 

compromise between classical humanism, conservatism and 

revisionism. 

Taylor and Richards (1985) see ideologies as 

•encapsulating the views of different groups, each 

seeking to put its own particular view of education•. 

At a particular time, one ideology may become dominant 

and impress its imprint on the pattern, organisation and 

curricula of the educational system or particular sectors of 

it. At other times there may be no one dominating ideology 

to provide an overall sense of what education is. There may 

only be competing definitions pulling the system in 

different directions. 

At present in the United Kingdom the ideologies being 

applied to both school and further education appear to 

encapsulate a democratic revisonist stance. 

2.3.2 Models of Curriculum Design 

As one of their important concerns, the agents and 

agencies described in section 2.2 are charged with the task 

of helping to create new courses of study or new patterns of 

educational activity for pupils/students in schools and 

colleges. The design of such intended curricula involves 

numerous factors - ideological, technical, epistemological, 

psychological, to name but a few. Developing curricula in a 
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systematic way, as opposed to an adhoc approach is still 

relatively new. As a result a number of curriculum design 

models have been developed to further this enterprise. 

There are several of these models in existence, however the 

following are five of the major ones:-

1) Objective Model 

2) Situational Model 

3) Naturalistic Model 

4) Process Model 

5) FEU Model 

Of these the Objective, Situational and FEU model are 

the most applicable to the curriculum developments that have 

taken place in Further Education. They will be discussed in 

detail in subsequent sections. 

2.3.2.1. Objective Model 

This design model which owes its influence to 

behavioural psychology was resurrected from the original 

model initiated by Bobbit in 1918 and systematised into a 

coherent rationale by Tyler (1949). 

The Tyler rationale as it has been called centres.on 

four major stages as shown in Figure 2.1 Appendix 2. The 

first of these involves clarifying goals, i.e. what is is 

hoped the curriculum will achieve. He indicated that goals 
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needed to state both the kind of behaviour to be developed 

in the pupil/student and the area of content in which the 

behaviour is to be applied. These closely formulated 

statements of intent are termed objectives which are 

prespecified. The learning experiences offered children/ 

students are selected at stage two. As a third stage these 

experiences are organised to reinforce one another and 

produce a cumulative effect. The final stage is that of 

evaluation which examines the extent to which the objectives 

are realised in practice, thereby indicating in what respects 

the curriculum is effective and in what respects it requires 

modification. It is termed a rationale planning model on 

the grounds that is is rational to specify the ends of an 

activity before engaging in it often referred to as a 

'means-end' planning. 

Educationalists such as Popham (1969) and Gronlund 

(1978) have concentrated on making the first stage as clear 

cut as possible in order to provide clear goals towards 

which pupils/students and teachers can work and in order to 

facilitate the measurement and evaluation of the results of 

the curriculum. Both of these concerns have led to an 

emphasis on behavioural objectives which specify in terms of 

observable behaviours what a pupil/student should be able to 

do, think or feel as a result of a course of instruction. 

For the purpose of assessing whether or not they have been 

achieved, such objectives have to be specific, measurable 

and unambiguous. Bloom (1956 and 1964) had carried out work 
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on the taxonomy of educational objectives which has proved 

to be very influential. He postulated three domains of 

education objectives: the psychomotor domain emphasising 

muscle and motor skills, and manipulation in all kinds of 

activities such as speech, handwriting etc.; cognitive or 

intellectual domain placing the greatest emphasis on 

remembering, reasoning, concept formation and creative 

thinking; affective or emotional domain emphasising 

qualities expressed in attitudes, interests, values and 

emotional biases. Within the cognitive domain, six broad 

levels of understanding (each with sub divisions) are 

classified, ranging from objectives concerned with simple 

recall of specific facts to objectives involving the 

evaluation of complex theories and evidence. Objectives in 

the affective domain range from those concerned with 

attending to phenomena to those indicating commitment to a 

philosophy of life. Figure 2.2, Appendix 2 illustrates 

examples of these. The influence of Tyler and the 'rational 

planning model' has provided the framework for further 

modifications and elaborations .. This influence is most 

clearly seen in a design model offered by Wheeler (1967). 

The model is shown in Figure 2.3, Appendix 2. It has five 

basic stages, the first of these being extremely complex 

as general aims embodying broad conceptions of education 

are analysed into ultimate goals, mediate goals, proximate 

goals and specific classroom objectives. These provide the 

direction required for the selection of learning experiences, 

the selection of content, the organisation and integration 
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of learning experiences and content, and the final 

evaluation stage which enables the designer to determine 

the effectiveness of the curriculum and hence to make 

modifications to it next time round. In its stress on 

specific, measurable objectives at classroom level and its 

divorce of learning experiences and content, tqe model is 

very much in the Bloomian tradition. Kerr (1968) in his 

curriculum theory model follows a similar trend:-

'For the purposes of curriculum design and planning it 

is imperative that the objectives should be identified 

first as we cannot or should not decide 'what' or 'how' 

to teach in any situation until we know why we are 

doing it.' 

A further model is shown in Figure 2.4, Appendix 2. 

This allows for some reappraisal and analyse of the system 

as it stands. Identification of the task you wish to do. 

Break it down, analyse to what levels of knowledge, 

attitudes or skills needed and the target population aimed 

at. Before starting the· learning objectives i.e. in 

behaviourists terms of learning outcome one would need to 

assess the student. One can then select ways in which you 

achieve that performance i.e. selection of groups, pairs, or 

individuals. Motivation will apply to all boxes and 

attitudinal and attentional aspects should be added. 

Define Assessment of students diagnostic or evaluation, 

continuous or end of year, or by observation. This model 

places least emphasis on objectives compared to others. 
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The Coombe Lodge working Paper (0940) outlines a 

model for course development. If we examine Wheelers 

'model' and lump together areas 2 and 3 and omit area 1 then 

this would appear to be the basis of the above mentioned 

mode, see Figure 2.5, Appendix 2. 

This model by a subtle change of words is used to 

develop a whole course or for a whole college or even the 

whole national curriculum for Further Education. It could 

also be used to develop a scheme of work or the design of a 

particular lesson or labwork using formative evaluation at 

the end. 

2.3.2.2 Situational Model 

This model unlike the objectives which has its roots in 

behavioural psychology and the process model in philosophy 

of education, is rooted in cultural analysis. Lawton (1983) 

argues that education is concerned with the transmission of 

the most important aspects of a society's culture to the 

next generation. 

Skillbeck (1976) has devised a model which locates 

curriculum design and development within a cultural 

framework: and refers to it in the following manner:-

'it views such design as a means whereby teachers 

modify and transform pupil experience through 

providing insights into· cultural values, 

interpretative frameworks and symbolic systems•. 
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The model underlines the value laden nature of the 

design process and its inevitable political character as 

different pressure groups and ideological interests seek to 

influence the process of cultural transmission. Instead of 

making recommendations in vacuo, it makes specific provision 

for different planning contexts by including as one of its 

most crucial features a critical apprais?l of the school/ 

college situation. The model is based on the assumption 

that the focus for curriculum development must be the 

individual school/college and its teachers/lecturers i.e. 

that the school/college based curriculum development is the 

most effective way of promoting genuine change at school/ 

college level. The model is made up of five major components 

see Figure 2.6, Appendix 2. 

1. Situational analysis - This involves a review of 

the situation and an analysis of the interacting 

elements constituting it. External factors to be 

considered are broad social changes including 

ideological shifts, parental and community 

expectations, the changing nature of subject 

disciplines and the potential contribution of 

teacher support systems such as colleges and 

universities. Internal?factors include pupils and 

their attributes, teachers and their knowledge 

skills, interests, etc, school ethos and political 

structure materials, resources and felt problems. 
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2. Goal formulation - Statement of goals embraces 

teacher/lecturer and pupil/student actions (though 

not necessarily expressed in behavioural terms). 

Such goals derive from the situational analysis 

only in the sense that they represent decisions to 

modify that situation in certain respects. 

3. Programme building - comprises of the selection of 

subject matter from learning, the sequencing of 

teaching - learning episodes, the deployment of 

staff and the choice of appropriate supplementary 

materials and media. 

4. Interpretation and implementation - This is where 

practical problems involved in the introduction of 

a modified curriculum are anticipated and then, 

hopefully overcome as the installation proceeds. 

5. Monitoring, assessment, feedback and reconstruction 

- This involves a much wider concept of evaluation 

than determining to what extent a curriculum meets 

its objectives. Tasks include providing on-going 

assessment of progress in the light of classroom 

experience, assessing a wide range of outcomes 

(including pupil attitudes and the impact on the 

school/college organisation as a whole), and 

keeping adequate records based on responses from a 

variety of participants (not just pupils/students). 
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The model is not an alternative to the objective or 

process it is a more comprehensive framework which can 

encompass either the process model or the objective model 

depending on which aspects of the curriculum, are being 

designed. It is flexible, adaptable and open to 

interpretation in the light of changing circumstances. It 

does not presuppose a linear progression through its 

components: teachers/lecturers can begin at any stage and 

activities can develop concurrently. 

Taylor and Richards (1985) see that the model outlined 

does not presuppose a means - end analysis at all; it 

simply encourages teams or groups of curriculum developers 

to take into account different elements and aspects of the 

curriculum - development process, to see the process as an 

organic whole, and to work in a moderately systematic way. 

2.3.2.3 F.E.U. Model 

The F.E.U. has used an established model of the 

processes of curriculum development of which a version forms 

Figure 2.7, Appendix 2. The F.E.U. (1986) identifies the 

four stages as: 

1. Analysis of the situation in which curriculum is 

required: of needs, and available resources. 

2. Design of the curriculum to meet these needs: the 

identification of intentions. 
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3. Implementation and Interpretation of the design: 

the outcomes. 

4. Evaluation: monitoring and feedback as to whether 

the needs are set, and the design and implementation 

are appropriate. These four areas are backed up by 

the support systems necessary for effective 

curriculum development. 

Clearly this model has likeness to the Tyler/Wheeler 

objectives model and Skillbeck's situational model since it 

incorporates many of the general features of these two 

models. In fact the model can be seen as a generalised 

version of the approach to curriculum development within the 

further education sector. Its importance in the future of 

further education will be discussed in a latter section. 

2.4 Developments in Further Education Curriculum concerned 

with Technician Education in Electrical and Electronic 

Engineering 

2.4.1 State of Technician Courses Prior to Haslegrave 

Prior to 1961 there was little or no technician 

education. There existed only craft type courses run by the 

City and Guilds and (National Certificate Courses (i.e. 

O.N.C. and H.N.C.). The subsequent decade saw a great 

growth in the number and range of technician courses offered 

by the City and Guilds of London Institute and of the number 

of students following them. This was largely the result of 
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the White Paper (1961) "Better Opportunities for Technical 

Education", which identified a national shortage of 

technicians, resulting in part from the confusion of 

objectives in National Certificate Course (O.N.C., H.N.C. 

and endorsements), designed to cater simultaneously for 

technicians and would be technologists. Such courses have a 

very high wastage and failure rate. The development of 

C.G.L.I. courses tailor made for the intending technician 

only and with a consequent high pass rate had kept in 

education many who would have been lost. In 1961 there were 

only two such courses, which by 1970 had mushroomed to over 

ninety. Figures 2.8 and 2.9, Appendix 2 show the basic 

pattern of courses following the 1961 White Paper Better 

Opportunities in Technical Education. To outline the 

success of these courses in terms of reduction in wastage 

and greater examination success figures are given in 

Table 2.1, Appendix 2. 

From the above data the structure of the courses 

appeared to be satisfactory. However, the Haslegrave 

Committee set up by the National Advisory Council on 

Education for Industry and Commerce (NACEIC) in September 

1967 to review the provision for courses suitable for 

technicians at all levels (including corresponding grades in 

non-technical organisations) indicating that there were 

clear weaknesses in the pattern of technician education 

courses. 
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There are regional examining bodies that organise 

examinations and make awards and there exist particular 

relationships between the three types of examining and 

awarding bodies (National Certificate Committees, City and 

Guilds and Regional Examining Bodies). In all there were 

27 Separate National Certificate and Diploma Committees and 

a very large number of committees concerned with technician 

work serving the City and Guilds and the regional examining 

bodies. Thus there did not exist any single body that was 

able to probe into the future and decide what the essential 

requirements were, i.e. there was a lack of co-ordinated 

effort. Bell (1972) stated that:-

'the general effect of the above set up was to 

present a bewildering picture of complexity to 

employers, students, and even those concerned 

with the administration had difficulties in following 

all of its ramifications.' 

Also many of the syllabuses of National Certificate and 

Diploma course have been biased towards the requirements of 

professional bodies and few courses other than some City and 

Guilds Courses, had been designed solely for technicians. 

Changing the pattern of courses and in syllabuses had to be 

made to meet industries changing pattern, and there was not 

sufficient opportunity to base the syllabuses on the needs 

of industry in the region. The distinctions in titles -

National Diplomas and Certificate and City and Guilds 

Certificates led to discriminations based on type of study 
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instead of total content of study covered and the depth of 

such study. Such discriminations influence unfairly the 

subsequent careers of students. It was not possible for a 

student to transfer from one course to another that is 

suited to his/her abilities and desires very easily. There 

was no clearly defined access for a craft student to 

transfer to proceed to professional status. Report of the 

Committee on Technician Courses and Examination (1969) 

stated that:-

'due to the separate development of National 

Certificate Diploma and C.G.L.I. Technician courses 

and the inclusion of new courses without thought of 

their effect on coguate provision, the integration of 

further education and industrial training could be 

planned on an adhoc basis only, course by course. Also 

business education despite the growth of the O.N.C. in 

business studies lacked a coherent pattern of courses 

at the technician equivalent level'. 

These weaknesses of the pattern of technician courses 

set up in 1961 can best be summed by Cantor and Roberts 

(1972), in the following terms:-

'The main weakness of the present system is perhaps 

that it has tried to fulfil two different purposes by 

providing education both for the technologist and the 

technicians,' 
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With the rising standards of entry, increased provision 

of full-time courses and the growing complexity of industrial 

techniques, the gap between technician and technologist has 

grown and the part-time route to technological qualifications 

has become increasingly inappropriate. 

It would appear that these older type courses above, 

particularly the National Certificate Courses follow very 

much some of the education ideology outlined by Davies (1969) 

earlier in the text in the conservative notion which values 

stability and continuum with the past, an elitism approach 

to preserve the status quo and extend it. It employs 

concepts such as standards and high culture using metaphors 

such as structures', 'inherited', and 'apprenticeship'. An 

involvement with structure of knowledge and the concept of 

'objective knowledge' to which students have to accommodate. 

There was also a leaning towards a subject-centred curriculum 

with the learning process geared towards teacher domination 

rather than student-centred. In the case of the above 

courses they were centred around Mathematics, Electrical 

Principles, Communication Studies and Specialist subjects. 

Hence their firm alliance to structure and heavily teacher 

-centred (chalk and talk syndrome), plus a high degree of 

subjectivity in their content. The National Certificate 

course had an elitist approach in terms of centring towards 

technologists and professional qualifications, students 

being "fodder" on the way if they did not achieve the 

standards set. 
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Scrimshaw (1983) alternative typology, in particular 

the ideology of classical humanism encompass conservatism 

applicable to the afore mentioned curriculum based on forms 

of knowledge et al P.H. Hirst (1965) and R.S. Peters (1965). 

However, the inclusion of the technicians based courses 

following the 1961 White Paper, "Better Opportunities in 

Education ", would incorporate the above plethora of courses 

into some of the ideals of liberal humanism and revisonist 

ideologies. 

It was with all the above reasons that the Haslegrave 

Report (1969) recommended a new pattern of courses leading 

to Higher Technician Diplomas and Certificates preceded by 

comparable qualifications obtainable at the ordinary level, 

thereby restricting the new system to technician education. 

The following section examines the pattern of courses 

recommended by the Haslegrave Committee. 

2.4.2 New Pattern of Technician Courses in 

Electrical/Electronic Engineering 

The unified pattern of courses are shown in Figure 2.10, 

Appendix 2 in diagrammatic form. These have been based on 

modular or block principle. The contents of the course were 

designed to give students a sound basis of mathematics, 

science and technology with a knowledge of technology 

and techniques appropriate to the jobs that they are 

carrying out at the periods of their studies. In the latter 

stage students are given knowledge of technology and 
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techniques for future jobs in their particular branches of 

work. Provision is also made for refresher and re-training 

courses in which will be given knowledge of technology and 

techniques needed for fresh jobs. 

There are four awards based on performances and 

attainments in studies, Technician Certificate, Technician 

Diploma, Higher Technician Certificate and Diploma. In 1983 

after the merger of the T.E.C. and B.E.C., B.T.E.C. National 

Certificate/Diploma and B.T.E.C. Higher National 

Certificate/Diploma, endorsements to certificates and 

diplomas can be obtained. The first stage, see Figure 2.10 

Appendix 2, leading to the award of a Technician Certificate 

or Technician Diploma, extends over two academic years or 

approximately 600 hours for certificate and 1200 hours for 

the Diploma including a diagnostic period. The certificate 

course can extend for three years if no exemptions are given 

for '0' levels spanning 900 hours. On the other hand, the 

Diploma course will span 1800-2200 hours for a two year 

full-time course. The certificate course is geared to the 

more practical approach, whereas the diploma course includes 

further study in both depth and breadth. 

At Stage two further studies in Maths, Science, and 

technologies will continue. The Higher Certificate course 

spans two years of day release totalling 600 hours of study, 

whereas the Higher Diploma is usually two years full-time of 

1200-1500 hours study. Some of the modules covered will be 

in depth, other studies will be breadth. Depending on the 
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number of modules taken will depend the award of a H.T.C. or 

H.T.D. Finally at the third stage specialist courses are 

offered i.e. post Higher Technician awards. There is a 

great deal of flexibility in selecting the various modules. 

Figure 2.11, Appendix 2 illustrates the alternative 

routes for transfer from craft courses and students 

continuing in full-time education after the age of 16. 

Figure 2.12, Appendix 2 shows the schemes of further 

education in electrical and electronic engineering and in 

particular their relationship to the Technician courses. 

All T.E.C. programmes are based on units and a credit 

system. A programme is defined as a scheme of study leading 

to an award of the T.E.C. and will have a title which is 

related to an occupational activity. A unit is a self 

contained and significant component of a programmed which 

will be separately assessed and if successfully completed, 

counts for credit towards an award. 

Any combination of units leading to the award of a 

certificate comprises 15 units which together form a 

coherent programme of study normally completed in three 

years of part-time attendance or two years full-time 

attendance. Figure 2.13, Appendix 2 outlines the programme 

structures. After three years it was evident courses 

needed to be updated to incorporate more microelectronics 

as indicated in Figure 2.14, Appendix 2. 
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The Higher National Certificate Programmes comprise 10 

units completed after two years, Figure 2.15, Appendix 2 

illustrates the original programmes allied to the 

certificate programmes of Figure 2.13, Appendix 2. 

Figure 2.16, Appendix 2 outlines the updated programmes 

to take into account the developments in microelectronics. 

The Higher National Diploma courses are not outlined 

since in general they are not carried out a further 

education colleges. 

In order to administer the scheme the Technician 

Education Council was set up in March 1973 to fulfil the 

recommendations of the Haslegrave Report. Its main function 

was to rationalise existing provision, and to develop a 

system of technical education which is responsive to both 

industrial requirements and students needs and yet can be 

operated economically and efficiently. In October 1983 

the Technician Education Council and Business Education 

Council merged to form one coherent body to cover both the 

Technical and Business sectors of education hence the 

foundation of the 'B.T.E.C. organisation'. 

T.E.C. policy had given particular emphasis to the 

specification of aims and objectives and assessment methods 

as key elements of curriculum design FEU (1981) 'T.E.C. 

policy on objectives - the T.E.C. policy statement (4.3.4) 

stated that:-
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'the programme committees providing materials for 

the use of colleges will decide whether to issue draft 

syllabuses or to provide guidelines in a different form, 

for example, as a statement of learning objectives.' 

In a circular, T.E.C. (1975), the council declared its 

aim to be:-

'that in due course all units should be written in the 

form of general and specific earning objectives.• 

The style of objectives advocated and adopted in 

T.E.C. standard units was the subject of a T.E.C. Guidance 

note. T.E.C. (1976). In these notes an educational objective 

is defined as:-

'a precise statement of intent, describing some 

proposed changes in a learner. Anybody reading a 

list of objectives should be able to decide what 

behaviour the performance of a student should 

be on completing the list of objectives.• 

A distinction is made between general objectives and 

specific objects. General objectives are used to give the 

general teaching goals, the major purpose of a unit and 

the specific objectives the measure by which it can be 

determined whether the general objectives have been 

attained. The specific objectives should be sufficiently 

clear and precise that little if any ambiguity exists in 

both the description and assessment. The general objectives 
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are not in themselves specific enough to give an adequate 

description or avoid ambiguity in interpretation for 

assessment. Clearly from these policy statements the 

T.E.C. policy statements, the T.E.C. curriculum development 

is heavily based on the 'objectives model' which has its 

influence based in behavioural psychology. 

It is clear that in the conception of the T.E.C. 

curriculum development, the model used was very much along 

the lines of the original Tyler and Wheelers• modified 

model. 

The model programmes issued by T.E.C. programme 

Committees and the standard units follow the Bloom style of 

behavioural objectives and domains in that each has a set of 

Aim Statements. Each unit states both GENERAL AND 

SPECIFIC OBJECTIVES and has an associated analytical 

assessment specification. Appendiceal and 2 in Appendix 2 

illustrates examples of standard units. 

FEU (1981) - stated that the programme and unit Aims 

are the most generalised statements of educational intent, 

concerned with ultimate outcomes. The GENERAL OBJECTIVES 

express more precise intentions for a component of a unit. 

For each general objective a number of SPECIFIC OBJECTIVES 

are to be written in behavioural terms in such a way that it 

should be clear what the student of the objective will be 

able to do on completion of the necessary learning. The 

objectives should have certain components: 
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a. a verb indicating the LEARNING PERFORMANCE 

required e.g. defines; 

b. An OBJECT the thing that has to be learnt e.g. 

stress; 

c. CONSTRAINTS, within which the objective is to be 

realised. 

In this example 'the constraint is that the definition 

is only to be as force/area.• 

The main arguments advanced by TEC for basing curriculum 

design on a specification of general and specific learning 

objectives are that their use should greatly enhance the 

understanding of the curriculum by employers, teachers, and 

students and also provide a basis which allows standards to 

be determined and monitored by the Council through its 

validating committees and moderators. Essentially these 

perceived advantages are concerned with ensuring clear 

communication between curriculum providers and users. 

Advantages which other protagonists of behavioural 

objectives have claimed include the FEU (1981) claim that:-

'objectives enable rational planning and curricula, 

encourage thinking, make otherwise concealed values 

explicit and provide a basis for individual learning 

programmes.• 

-62-



Other possible advantages are that the "objective" model 

provides a normalisation towards a standard of performance 

of students, and uniformity of content. Evaluation of the 

teaching/learning process gives a measurable target for the 

teacher/lecturer to aim at and also the student if he/she is 

told. By careful selection of objectives which all students 

can achieve then it rewards and encourages the achieving 

student. They can be matched to ability and attitude of the 

student and cater for the way in which learning takes place 

either slowly, linearly, impulsion, globally, top down or 

bottom up. 

The task in front of the teacher/student is limited and 

ambiguity is removed i.e. outcomes of learning clearly 

specified. Ausubel the cognitive psychologist believes they 

provide a conceptual scaffold or advance organiser in 

building up cognitives which is useful if you had some 

vision of where you were going. Encouragement is given to 

the measurement of a wide variety of skills and in 

determining the validity of assessment. Memory learning is 

encouraged as developed by Bloom and implies the mastering 

of a specific objective before commencement to the next 

given stage or level. 

It would appear to encourage the child/student centred 

learning approach rather than teacher centred and may help 

to measure standards, but at what cost? 
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Although the advantages of the objective model are 

reasonably valid there are a number of equally valid 

criticisms which can be made against it and impose 

limitations on the model. 

These include the FEU (1981) statement that:-

'objectives do not adequately represent the 

structure of knowledge, are inherently ambiguous, 

with insoluble levels of specificity.' 

Outcomes of education such as understanding, 

appreciation and knowledge cannot be fully translated into 

clear-cut observable behaviours capable of measurement. 

Taylor and Richards (1985) specify that :-

'only low level mental operations such as the recall 

of specific facts or the performance of certain physical 

skills can be unambiguously specified beforehand.' 

From the subject units shown in Appendices 1 and 2, 

Appendix 2 it is clear that TEC feel the Affective domain 

cannot be measured and that Invention incorporates the skills 

of analysis, synthesis and evaluation, this indicates the 

difficulty of splitting knowledge into measurable categories. 

Some lecturers found the term Invention difficult to use in 

analysing objectives. This is clearly shown in the two 

units in Appendices 1 and 2, Appendix 2 where these skills 

will be under-emphasised in the design, and consequently the 

implementation of units. The separation of motor skills from 
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the cognitive skills has undoubtedly led to some uncertainty 

about the categorisation of particular objectives. The danger 

that areas which combine intellectual and manipulative skills 

such as laboratory work and workshop activities will be under 

emphasised is evident in the relatively few objectives written 

and defined in the category Motor skills. This along with 

rather full unit contents led in the short term to a reduction 

in these types of activities and student-centred learning. 

Also the objectives model tends to lead the teacher/lecturer 

to teach purely to the objectives, giving a tunnel vision view 

of knowledge and the curriculum, and at the same time encourages 

students to learn a topic once and then forget it. If the 

objectives are not set at the right level then high achievers 

can be bored if too low a level and low achievers can fall 

by the wayside if geared at too high a level so falling back 

into the problems of pre Haslegrave. There is a tendency 

to encourage temporary achievement without testing repetitive 

or predicative achievement. The assessment pattern normally 

consisting of 3 phase tests (very often objective based) a 

final exam and assignment work tended to use up an 

unnecessary amount of actual learning activity time. 

The objective model is criticised by Atkin (1975) as 

encouraging "trivia" a trivial content will produce trivial 

testing and also trivial skills. To produce more high level 

objectives is time consuming and lecturers find it difficult 

to devise such objectives, to design curricula incorporating 

them and to teach with them in mind. There are problems 
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with the tendency to over-concentrate on low level 

objectives (which can be specified) to the neglect of more 

elusive education outcomes which cannot be so closely 

delineated. Also it is not at all clear how closely 

objectives have to be specified in different planning 

situations or how they can be adequately measured using 

present instruments. There are difficulties too when 

lecturers work together in planning or executing courses 

since there are often differences in values and 

interpretations underlying superficial agreement on 

objectives. 

The objective model tends to restrict the lecturer and 

reduce his flexibility due to the objectives approach. This 

was very apparent with TEC since lecturers were tied to 

completing all the objectives with students to satisfy TEC 

committees and moderators. The vast plethora of paper work 

that it generated for teaching staff as much as any of the 

criticisms put forward tended to devalue the more positive 

aspects of the "TEC" model. 

The objective model of curriculum development on which 

the initial TEC courses were developed provided a more solid 

framework of study having closer links to the students work 

than ever before and offered a more standardised performance 

measure than before. However, the very real problem of 

specifying knowledge in terms of behavioural objectives has 

led to units being produced which are not wholly adequate. 

Also units differ from college to college meaning that it 
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was difficult to fully relate one course of study from one 

college with another unlike the old national certificate 

course. 

Although there are strong criticisms against the model 

which can be summarised by Sockett (1976) which argues that 

'pre-specification violate the nature of science which 

rests on the assumption that everything is in principle 

falsifiable. As a consequence all scientific knowledge 

is 'provisional' in character, and not absolutely and 

certainly true. Pre-specification pre-supposes that the 

results of scientific enquiry can be predicted with 

certainty, which runs counter to this basic principle 

and thus gives pupils/students a false view of the 

activity.' 

Hirst (1975) who agrees with many of the criticisms 

levelled at behavioural objective models argues that 

objectives in curriculum design do not have to be expressed 

in behavioural terms. Ends have to be clarified prior to 

determinations of means. Such ends or objectives are very 

varied they include concept forms of perception and 

judgement, patterns of aesthetic response and attitudes, 

which are not behaviour at all. Such ends can be specified 

by enormously varied ways, some specific, some general, some 

behavioural, some not. 
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Perhaps the major criticism of the early TEC programmes 

and use of the objective model was that put forward by the 

FEU report (1981):-

• .• the way in which TEC has used and validated 

objectives and assessment plans has put too much 

accent on what the student learns rather than how they 

learn.' 

The point was emphasised in the empirical-rational 

category of planned organisation curriculum change. 

Also TEC was heavily criticised for the lack of a pilot 

study as Jack Mansell states in FEU report (1981):-

• •.• This study is, in many respects, eight years too 

late .•. if blame must be apportioned, it belongs to 

all those in education who acquiesce to untried 

curricular experiments.• 

However, while some might say that they did not believe 

they had any real choice, others might argue that neither 

BEC nor TEC would have got off the ground if it had not been 

introduced fairly quickly using power coercive strategies. 

These were not seen as direct threats, but appeals made to 

'social needs' and 'moral implications' and stress laid on 

social and technological changes and the idea that further 

education must adapt or go under. Possibly power coercive 

strategies were felt to be necessary at the administrative 

level. The evaluation report on TEC implies that the 
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rationale for administrative re-organisation was to cope 

with areas of discontent in the curricula of technicians. 

Russell (1981) makes a similar observation in his 

report Curriculum Control which examines the relationship 

between the central curriculum bodies and the colleges of 

further education (advanced (AFE) as well as non-advanced 

(NAFE) levels. Change it could be argued is usually brought 

about for administrative rather than learning and teaching 

reasons; however, it would be foolish to deny that some 

changes have also been brought about in the 

learning/teaching areas. The rationalisation, that was 

needed in the 1960's led to the Haslegrave report and the 

subsequent setting up of TEC and BEC is a major initiative 

to point to. This is now discussed in the next section in 

detail. 

2.4.3. The Changing of BTEC Programmes in 

Electrical/Electronic Engineering 

The BTEC council have realised that problems associated 

with the objective model. In its document (1986) "Policies 

and Priorities into the 1990's" BTEC made clear its 

commitment to promoting learning strategies that encourage 

students to:-

1) develop skills and personal qualities of general 

importance and application ability to working life; 

-69-



2) experience their programme of study as a coherent 

whole, in which all the parts are well related to 

each other. 

3) develop an enhanced capacity to cope with the 

demands and responsibilities of adult life and 

work. 

4) apply their knowledge, understanding and skills. 

They see assignments as an effective way of doing this; 

they have the special advantage of helping students to 

integrate their studies and to apply them to work related 

problems. 

The trend of the units new programmes is away from the 

behavioural approach to objectives. It now deals in 

principle objectives and indicitive content with the 

teaching and learning strategies geared towards "hands-on" 

student centred learning, this being clearly stated in the 

units. Assessment is via in-course assignments embody in 

principal rather than specific objectives plus a final 

examination. However, some units are covered by 100% 

assignment work. The use of integrated assignments enables 

subject boundaries to be cross and other skills to be taken 

into account. With the emphasis on Common Skills and Core 

Themes as outlines in BTEC Documents (July 1986) and 

(October 1986). The above highlights a major failing of the 

objective model in that it was very much a case of teaching, 

units in isolation, and in an absolute structured linear 
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fashion. The new model which adheres more towards 

Skillbeck's situational model shown in figure 2.6 and the 

general model put forward by the FEU in figure 2.7. This is 

emphasised by the greater interrelationship between units 

and more feedback at all stages of the teaching/learning 

strategy. Appendices 3 and 4, Appendix 2 illustrates the 

typical layout of the scheme of units, and Appendices 5 and 

6, Appendix 2 typical units. 

Support for the situational type of model comes from 

Sockett (1976) who advocates a process of •curriculum design 

through structure;'. He believes that curriculum design and 

development have to be slow, piecemeal and uncertain, since 

there are a multitude of interacting factors involved and 

since the activities of those party to the enterprise are 

largely habitual. Curriculum design involves understanding 

the structure of the curriculum as it presently exists. 

Certainly these new developments are an improvement on 

previous BTEC philosophy. The actual units are better 

prepared and as a result will receive wider acceptance 

making for a greater degree of standardisation nationally. 

Although, the new scheme has only been in force since 1986 

with the National Certificate/Diploma programmes and 1989 

with the Higher National Certificate/Diploma programmes, 

effects have already been apparent. 
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The electronics team of which I am a member at the 

college has already decided to change its teaching approach 

to a student-centred one. This has already had quite an 

impact. Students receive a consistent approach in 

presentation of the units. They have become more motivated 

and self reliant with the responsibility on them for their 

own learning. The staff now have a greater flexibility than 

before and in their notes as facilitators of the learning 

process can stand back and assess students progress in a 

more constructive way than before. Generally there is a 

better teacher student relationship with continuous feedback 

of information between teacher and student. The next couple 

of years should give us a good overview of how well or 

otherwise the new BTEC programmes are fulfilling their 

purpose. 

It would be worth pointing out at this stage that a 

lot of the philosophy behind the new BTEC unit in 

Electrical/Electronic Engineering owe their influence to the 

FEU paper (1984) on the design of microelectronics 

programmes which recommends an overall approach to the 

design of the microelectronics curriculum The major impetus 

for the introduction of microelectronics into the FE and HE 

was via the Alvey Committee ( 1982 ). whose main criteria was 

to encourage the development of information technology to 

produce a workforce skill in the new technologies. 
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We should not dismiss the objectives model out of hand 

in terms of its use in BTEC. Its original concept was good, 

it gave structure to previously unstructured course 

material and provided the means for a wider audience of 

students to participate and achieve success. Its reduction 

in the wastage of students alone means that it achieved a 

great deal./ A base was laid from which hopefully we appear 

to have a more meaningful student-centred curriculum in 

electrical/electronic engineering which will enable the 

students of the late 80's and the 90's to be free thinking 

problem solving engineer's needed for the 21st century. 

Stenhouse (1985) probably best sums up this critique:-

'The objectives model is appropriate for both training 

and instruction, but breaks down when it comes to 

inducting pupils/students into knowledge. The latter 

involves getting pupils/students on the 'inside' of 

knowledge forms inducing them to think creatively and 

to make considered judgements. It is not something to 

think with; Education as induction into knowledge is 

successful to the extent that it makes the behavioural 

outcomes of the students unpredictable. Improvements in 

education comes not from teachers, being more precise 

about objectives, but from their analysing and 

criticising their own practice.• 
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There is much good advice here which teachers and 

lecturers should well heed, and take note of if the 

curriculum is to progress successfully. 

2.5 Curriculum and. its Relevance to Computer Assisted 

Learning 

The ideologies, models and agents of curriculum change 

through which the present BTEC curriculum in it present form 

evolved has created a vibrant climate for Computer Assisted 

Learning, with its emphasis on student-centred learning and 

the use of a wide range of resources. 

On the other hand, drawbacks relating to the fact that 

the use of new technology in the classroom can cut into 

previously established patterns of the curriculum, as well 

as classroom organisation, teacher's strategy and style. 

Computer Assisted Learning material is bound, therefore, to 

be seen in some sense as a disruptive influence in the 

curriculum. Skillbeck (1975) distinguishes between 

curriculum change that may be planned by the participants 

who wish to change the situation for their own satisfaction, 

and change which is haphazard, which the participants may 

choose to accept or reject. He also draws a further 

distinction between change that builds upon the established 

system through the absorption and assimilation of new 

elements and change which by being more disruptive and 

comprehensive provides genuine innovation. 
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Innovations that incorporate new technology tread a 

wary path between existing practice while attempting to 

explore the potential of the new. 

In the main computers in curriculum should work through 

a practical approach focused on the curriculum and its 

concerns. The computer should be used to assist both the 

learner and the teacher/lecturer in their tasks within the 

whole curriculum. It is with this in mind that the present 

state of CAL in BTEC National/Higher National was to be 

investigated, 
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CHAPTER 3 

LEARNING 

Human activity we call education is largely based in 

our society on the related processes known as •teaching' and 

'learning'. The formalisation of these processes, so that 

they are carried out within schools, colleges and 

institutions, results basically from society's conscious 

responses to fundamental problems of adaption and survival. 

Curzon (1985) states:-

'Education is our society is generally concerned with 

the handing on of beliefs and moral standards, 

knowledge and skills. It may be viewed as 'the 

nurture of the human personality' and as 'investment 

in human capital', In its essence it is a recognition 

of the fact that society's mode of life must be learned 

- since an understanding of it is not inherited - by 

each individual. Learning depends on the individuals 

experiences within, for example his family, his social 

environment and more specifically, the educational 

institutions he attends.• 

A major problem with learning theories is establishing 

a definition of learning. Dictionary definitions provide a 

useful guide. The Short Oxford English Dictionary states:-
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'To get knowledge of (a subject) or skill in an 

art etc. by study, experience, or teaching. Also to 

commit to memory .•• ' 

Cassell's New English Dictionary defines it as:-

'To acquire knowledge of or skill by study, experience 

or instruction.' 

More specific definitions have come from the 

philosophers and psychologists. Gagne(1983) refers to it 

as: 

'A change in human disposition or capability which 

persists over a period of time, and which is not simply 

ascribable to the process of growth'. 

Kimble (1963) defines it as:-

'A relatively permanent change in a behavioural 

polentinity which occurs as the result of continuous 

reinforced practice.' 

Smith (1966) on the other hand implies that it is:-

'A process of reorganisation of sensory feedback 

patterning which shifts the learner's level of control 

over his own behaviour in relation to the objects and 

events of the environment.' 
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Hilgard and Bower (1981) see learning as:-

'The process by which an activity originates or is 

changed through reacting to an encountered situation, 

provided that the characteristics of the change in 

activity cannot be explained on the basis of native 

response tendency maturation or temporary states of· 

the organism (e.g. fatigue, drugs etc.),' 

Ryle (1983) sees it as:-

'Learning is becoming capable of doing some correct 

or suitable thing in any situations of certain general 

sorts. It "is becoming prepared for variable calls with 

certain ranges.' 

Finally Galperin (1965) defines learning as:-

'Any activities that develop new knowledge and 

abilities in the individual who carries them out, 
.. 

or else cause old knowledge-and abilities to acquire 

new qualities.' 

These are but a few of the more modern definitions 

of learning all of which have their merit. However, the 

following are definitions of learning and teaching 

respectively which give a general overview of each. 
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Curzon (1985) states:-

'learning can be considered as the apparent modification 

of a persons behaviour through his activities and 

experiences, so that his knowledge skills and attitudes, 

including modes of adjustment, towards his environment 

are changed more or less permanently. By extension, 

teaching can be considered as 'a system of activities 

intended to induce learning, comprising the deliberate 

and systematic creation and control of those conditions 

in which learning does occur.' 

Clearly it is a complex issue what learning is and 

psychologists over the years have been attempting via their 

experimentation and subsequent theories to define it and 

explain how we actually learn. This has resulted in a 

number of different schools of thought with this field. 

3.1Theories of Learning 

3.1.1 Behavioural Theory 

Behaviourism is based on a concept of psychology which 

sees its essence in the examination and analysis of that 

which is •publicly observable and measurable.' It looks at 

the relations between an organisms responses (i.e. 

measurable muscle movements) and stimuli (changes in the 

physical energy of some aspects of the organisms 

environment). In relation to teaching, behaviourists place 

emphasis on the teacher's task to provide for and to promote 
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the adhesion of deslred responses to appropriate stimuli. 

Pavlov, Watson, Thorndike and Guthrie are representatives of 

the behaviourist school. 

Pavlov (1849 - 1936) A major work of his was 

Conditioned Reflexes (1927), which has been the basis of 

much study in recent years on the importance of conditioning 

in the process of learning. He saw learning as being 

inseparable from •association'; hence what teachers do, how 

they do it, in what surrounding circumstances, to what ends 

become significant for the study of instruction. Human 

personality is determined, according to Pavlov, by 

environment, biological inheritance and conditions of 

upbringing and as person's general behaviour depends largely 

on his •acquisitions•, i.e. the habits he has formed. The 

part that can be played by a teacher in the process of habit 

formation will be obvious. Formal education, strengthened 

by other experiences, can exert a decisive influence on that 

process. 

Watson (1878 - 1958) His early work as a researcher 

into animal behaviour led him to examine psychology in 

strict behavioural terms. He postulated that human beings 

are born with some few reflexes and emotional reactions 

(such as love, rage, fear), but no instinct (which are 

merely stimulus response (S R) links); all other 

behaviour is the result of building new S R connections. 

Learning, however, produces no new connections 

in the brain they exist already, as part of the learner's 
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genetic constitution. Hence, our behaviour, personalities 

and emotional dispositions are learned behaviours. The 

human being as a consequence is no more than the sum of 

experiences. Conditioning was seen as fundamental to 

learning. The conditioning of the learner, through his 

environment and experiences, in which the t'eacher may 

actively intervene, will determine his acquired patterns of 

behaviour. Heredity and instincts counted for little as 

contributing to human behaviour, learning was the all 

important factor. 

Thorndike (1874 - 1949) His main interest was animal 

psychology and, in particular intelligence and learning. 

The basis of Thorndike's approach to problems of behaviour 

lay in his belief that human behaviour could be analysed and 

studied in terms of stimulus response units. The essence 

of behaviour was to be found in the initiation of events and 

an individuals reactions to them. 

Thorndike's contribution to the theory of learning may 

be summarised by a statement of his.major 'law' The law of 

,effect was formulated as follows: an act which results in 

an animal's experiencing satisfaction in a given situation 

will generally become associa~d with that situation, so 

that when it recurs the act will also be likely to recur. 

An act which results in discomfort tends to be dissociated 

from the situation, so that when the situation recurs the 

act will be less likely to recur. 
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Thorndike's work with its emphasis on the significance 

of the S R bond reminds the teacher of the importance of 

viewing all his activities (intended and otherwise) as 

contributions to the learning process. 

Guthrie (1886 - 1959) He produced the definitive work 

'The Psychology of Learning' (1935). His theory of learning 

is based on one general principle that of simultaneous 

contiguous conditioning. He argues that if someone does 

something in a given situation, the next time they are in 

that situation they will do the same thing again. 

Rewards and punishments he says are of little significance 

and are in themselves, neither good nor bad. Whether they 

are effective or ineffective will be determined by what they 

cause the learner to do. What is really vital in the 

learning situation is the control of stimuli so that desired 

responses may be elicited. 'What a person does is what a 

person will learn.' 

3.1.2 Purposive and Nee behaviourists 

The early behaviourist doctrines have been extended and 

modified by psychologists such as Tolman, Skinner and Gagne. 

Tolman•s views are noted in what is termed 'purposive 

behaviourism.' Skinner brought scientific precision to the 

detailed study of the learning process viewed in strict 

behavioural terms and created a theory based on •operant 

reinforcement.• Gagne investigated the in~tructional 

technology needed for competency based education and 
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developed a psychology based upon behaviourism, related to 

the observable circumstances that are obtained when acts of 

learning occur. Each of these psychologists had made a deep 

impact on the principles and practice of teaching in schools 

and colleges. 

Tolman (1886 - 1959) He is claimed to have both 

behaviourists and cognitive views. His major work was 

Purposive Behaviour in Animals and Men (1932) which 

emphasised his view of 'purpose' in behaviour. This 

entailed the view that we do not merely respond to stimuli, 

we move towards goals related to our beliefs and our 

attitudes. 

Learning according to Tolman was the acquisition of 

expectancies. By an •expectancy• he meant that in the 

presence of a certain 'sign', a particular behaviour will 

produce a particular consequence. We 'learn' when we 

establish a series of expectations concerning the contiguity 

of events based on repeated past experiences of their 

appearance in sequence. Learning can occur without reward 

if the contiguity of stimuli can be repeated often enough. 

As a person becomes aware of novel behaviour and unsuspected 

relationships, new behaviour will appear. Tolman referred 

to this as ' inventive ideation.' 

His insistence on learning as 'sign expectation', that 

is, as resulting from an individual's expectation that the 

environment is organised in certain ways and that 'one thing 
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invariably leads to another'. has found rise in the theory 

and practice of teachers who place emphasis on the logical 

construction of schemes of classroom work. 

Skinner (bl904) - The Technology of Teaching (1968) is 

perhaps his most important recent work. His study of 

conditions of behaviour of animals and birds as well as 

children, led to continued experiments in the modification 

of behaviour by operant conditions. 

An organism learns, according to Skinner by producing 

changes in its environment. At the basis of his view of the 

nature of the learning process is the concept of 

reinforcement as a stimulus which increases the probability 

of a response. Reinforcement can exist in either a positive 

or negative form. Positive reinforcement is the 

presentation of a stimulus which, when added to a situation 

increases the probability of occurrence of a response. 

Negative reinforcement is the termination of some unpleasant 

('aversive') stimulus, which when removed from a situation, 

increases the probability of occurrence of a response. 

It is the conditioning of operant behaviour which is of 

great importance in his analysis of the learning process. 

Learning is, in essence, the creation of conditioned 

connections between the learner's operant behaviour and its 

reinforcement; it is a change in the form or the probability 

of responses. The strength of a learned response is 

generally determined by the amount of reinforcement it 
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receives. 

Skinner's direct application of operant conditioning 

findings to the problems of classroom learning culminated in 

his advocancy of programmed instruction and the teaching 

machine. He believed there was every reason to expect that 

the most effective control of human learning will require 

instrumental aid. The concepts of immediate reinforcement 

of emitted behaviour and the gradual withdrawal of stimulus 

support from the learner ('fading of learning cues'), which 

characterise programmed instruction were derived direct from 

his success in the shaping and conditioning of animal 

learning through reinforcement. 

He believes that a student is 'taught' in the sense 

that he is induced to engage in new forms of behaviour and 

in specific forms on specific occasions.' The teachers task 

is to shape behaviour and this requires an awareness of 

objectives and the techniques of attainment. 

Gagne (bl916) - His most important works have been The 

Conditions of Learning (1965). Essentials of Learning for 

Instruction (1974) and Principles of Instruction Design with 

L. J. Briggs (1979). 

He describes learning as 'a change in human disposition 

or capability, which persists over a period of time and is 

not simply ascribable to the process of growth. It is a 

process taking place in the learner's brain; it is called a 

process because is is formally comparable to other organic 
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~------------------ --------

processes such as digestion and respiration. People do not 

learn in any general sense, rather in the sense of changed 

behaviour that can be described in terms of an observable 

type of human performance.• The change in a student's 

performance is what leads to the conclusion that learning 

has occurred. 

Gagne views learning as a total process beginning with 

a phase of apprehending the stimulus situation, proceeding 

to a stage of acquisition, then to storage and finally to 

retrieval. The teacher must ensure that a student has the 

pre requisite capabilities for the learning tasks he is to 

undertake. There is a learning hierarchy which depends on 

pre requisite intellectual skills. This serves as an 

indication to the teacher that the learner must be 

adequately prepared to enter a particular phase of 

instruction. The teacher must ensure that relevant lower 

order skills are mastered before the learning of the related 

higher order skill is undertaken i.e. the teacher should 

find out what the student already knows; second, begin 

instruction at that point. 

As a final point Gagne stresses the importance of 

feedback in the classroom. Every act of learning requires 

feedback if it is to be completed. This necessitates 

communication to the student, as swiftly and accurately as 

possible, of the outcome of his performance, calling for 

careful and regular evaluation in the classroom. The 

planning of feedback is one example of the design of 
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instruction with the learner in mind which characterises 

the neo behaviourism of which Gagne is a powerful advocate. 

3.1.3 Gestalt School 

This school of psychological theory evolved from the 

work of:- Koffka (1886 - 1941), Kohler (1887 - 1967) and 

Werthheimer (1880- 1943). 

The basic theories are set out and elaborated in 

Koffka's Principles of Gestalt Psychology (1935), Kohler•s 

Gestalt Psychology (1929) and Werthimer's Productive 

Thinking (1945). 

The essence of their approach is that 'the whole is 

greater than the sum of its parts; we are dealing with 

whales and whole processes possessed on inner intrinsic 

laws.' The complex perceptions which are involved in 

thinking and learning, are much more than the mere 'bundles 

of sensations• of which they are said to be constituted. A 

learner's experience has a pattern, a 'wholeness•. which is 

more than the sum of its 'parts•. It is a structure of 

psychological phenomena with properties which cannot be 

understood by a mere summation of those phenomena. 

Phenomena such as learning have to be studied as 

complex highly organised structures. The aspects of 

behaviour which we call 'learning' is, in the view a pattern 

of activities. Fundamental to an understanding of these 

activities is the concept which the Gestaltists, know as 
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insight. 

This can be applied to the teaching in the sense that 

learners often mentally organise the components of a task 

and perceive with 'sudden vision• the solution to a problem 

or, as teachers and students might put it, 'the penny 

suddenly drops' is a common experience in classroom 

teaching. Learners commonly select from new material that 

which seems important, so that new terms emerge leading to 

insight. That insight becomes more highly structured until 

it produces a solution to the problem. 

The Gestaltists stress the importance of practice and 

suggest that teachers should consider the advisability of 

providing for students continued opportunities for the 

observation of novel pattern and relationships. Awareness 

and understanding of those relationships can be utilised by 

the teacher through a series of planned, systematic 

exercises, so that problem solving can be carried out as 

Hilgard and Bower (1981) state:-

'sensibly, structurally, organically, rather than 

mechanica~ly, stupidly, or by the running off of prior 

habits.' 

3.1.4 Cognitive School 

The cognitive psychologist is concerned with the 

learner's 'internal processes• in knowing and perceiving. 

It assumes that a learner's behaviour is based on 
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'cognition', i.e. acts of knowing or thinking about the very 

situation in which that behaviour occurs. The formation and 

use of concepts, knowledge of the environment as the result 

of interactions by the learner and his surroundings, the 

organisations of knowledge are of basic interest to the 

cognitive school. The task of the teacher is related 

directly to the development of •cognitive strategies' in the 

learner, i.e. his capabilities to select and modulate his 

individual internal processes of thinking, perceiving and 

learning. Dewey, Bruner and Ausubel are regarded as being 

leading disciples of cognitive learning. 

Dewey (1859 - 1952) Democracy and Education (1916) and 

The Need for a Philosophy of Education (1934) are two of his 

major works. He views education as 'intelligent action', 

characterised by the learner's continuous evaluation of his 

experiences, the eventual product of which is a redefinition 

of purposes.' The only 'true education comes through the 

stimulation of one's powers by the demands of social 

situations. 

Dewey, believed every event, external or internal, 

calls for some kind of response. All human behaviour is the 

result of events and is guided by anticipation of 

consequences and other intervening variants. Behaviour 

also determines events which follow it. Learning has to be 

viewed as part of a 'whole'. as part of an interaction of 

the learner and his environment. 
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Learning is 'learning to think'. It arises as the 

result of the 'formation of wide awake, careful, thorough 

habits of thinking•. The process of learning involves the 

exercise of the intelligent (every intelligent act involves 

selection of certain things as means to other things as 

their consequences• and the comprehending of information so 

that it can be used in new situations. Mere activity does 

not constitute experience; 'learning by doing' is 

impossible unless the 'doing• effects a change in the 

learner's cognitive structures. 

Dewey places a great emphasis on the role of the teacher 

•as a stimulus to response to intellectual matters•. 

Everything a teacher does in the classroom, as well as the 

manner in which he does it, incites the student to respond 

in some way or'other and each response tends to set his 

attitude in some way or other. The teacher's influence is 

paramount even in those situations which Dewey describes as 

•pupil centred' (i.e. in which the students personal desired 

level of attainment and motivations are taken carefully into 

account. The teachers responsibility for the development of 

•reflective thinking• in his students is also emphasised. 

The motivation of cognitive learning is related directly to 

the learner's standards of intellectual achievement and to 

the guidance of his teacher. 
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Bruner (b1915) - His work has been influenced greatly 

by the thinking of Piaget, particularly in relation to the 

development of thought processes. He has many works to his 

credit, two such being 'Towards a Theory of Instruction 

(1966)'; 'The Relevance of Education (1973).' 

Bruner's view of learning is in terms beyond the mere 

acquisition of knowledge; he sees its end as the creation of 

'a better or happier or more courageous or more sensitive or 

more honest man.' The teacher Bruner believes should 

provide problem situations that stimulate students to 

discover for themselves the structure of subject matter, 

that is the essential information. Specific facts and 

details are not part of the basic structure. However, if 

students really understand the basic structure they should 

be able to figure out many of these details on their own. 

In other words Bruner believes that classroom learning 

should take place inductively, moving from specific 

examples presented by the teacher to generations about the 

structure of the subjects that are discovered by the 

students. 

The basic structure of subject matter is made up of 

concepts. A concept being a category of things that can be 

grouped together because they are similar in some way. The 

concept of students for example, refers to all instances 

that fit into the category of people who study a subject. 

Concepts are abstractions i.e. student is not but examples 

of students are. Being able to form concepts and relate 

-91-



them to one another via coding systems makes it possible for 

people to demonstrate what Bruner (1973) calls the most 

characteristic aspect of mental life; the ability to go 

beyond the information given. Bruner (1960) recommends that 

teachers nurture insight through intuitive thinking. The 

student should be encouraged to make intuitive guesses based 

on incomplete evidence, then check out these guesses more 

systematically. In this way the student will have the 

chance to practice his or her's ability to go beyond the 

information give. 

However, Bruner's ideas have found major application to 

classroom teaching and the spiral curriculum idea and 

discovery learning. 

In his spiral curriculum concept Bruner (1960, 66) 

suggested a radical reorganisation of the curriculum across 

all grade levels. This would entail the fundamental 

structure of all the subjects students are likely to 

encounter throughout the school years would be presented 

very early in a very simplified form e.g. Maths, Physics, 

Languages etc. These would be presented in their most 

simplified specific form in the lower grades and then 

presented in successively more complex forms in the higher 

grades. Bruner believes that this progression of subject 

matter encourages students to discover relationships and 

form coding systems that they can continue to expand and 

improve as they encounter the material at increasingly 

sophisticated levels. The teaching at each level would have 
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to take into account the level of cognitive development of 

the students. This organisation of the subject matter 

reflects Bruner's belief that learning proceeds from simple 

to complex, from concrete to abstract and from specific to 

general, leads him towards an inductive approach. This is 

where the student, given specific facts discovers the 

generalisations, or the structure for themselves. 

This was the basis for his idea of discovery learning 

where the teacher organises the class so that the student 

through their own active involvement. In discovering the 

'meaning' of principles, the student is learning concepts 

and relationships. Bruner suggests that the activity of 

discovering has four advantages. First, there is a growth 

in 'intellectual potency' the student acquires the ability 

to develop 'strategies' in approaching and analysing 

patterns in his environment in an organised manner. 

Secondly, intrinsic motivation becomes a preferred 

alternative to extrinsic rewards the student achieves 

satisfaction from discovering solutions on his own. 

Thirdly, the student who has mastered the techniques of 

discovery learning is able to apply them to the solution of 

real problems outside the classroom. Finally, improvement 

in memory seem to be associated with the organisation of 

one's knowledge retrieval of information stores in the 

memory becomes easier where the student has organised his 

knowledge in terms of his own system. 
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Ausubel (bl918) His major work is Educational 

Psychology A Cognitive View (1978). He sees educational 

psychology as concerned primarily with 'the nature, 

conditions, outcomes, and evaluation of classroom learning'; 

His view is that learning should occur through reception not 

discovery. Teachers should present materials to students in 

a carefully organised, sequence and somewhat finished form. 

Students will thus receive the most usable material. 

Ausubel refers to this method as expository teaching. The 

use of this method is confined to what Ausubel terms 

meaningful verbal learning, or the learning of verbal 

information, ideas and relationships among verbal concepts. 

The method is not useful in teaching physical skills or such 

as multiplication tables. Ausubel believes that learning 

should progress deductively, that is from an understanding 

of the general concepts to an understanding of specifics. 

Rote and motor type learning have no place in classroom 

learning acquisitioning to Ausubel. 

The principal factors influencing 'meaningful learning 

and retention' are according to Ausubel the substantive 

content of a learner's structure of knowledge and the 

organisation of that structure at any given time. 

Ausubel's expository approach to teaching has four major 

characteristics. First it calls for a great deal of 

teacher/student interaction. Secondly it makes great use of 

examples, although the stress is on meaningful verbal 

learning. Thirdly it is deductive and finally it is 
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sequential i.e. follows a certain pattern of steps. 

Essentially these steps are the initial presentation of an 

advance organiser (which is an introductory statement of a 

high level concept, broad enough to encompass the 

information that will follow), followed by subordinate 

content. This is organised in terms of basic similarities 

and differences. Then examples are provided of the various 

subconcepts. The teacher must then help the students to see 

the relationships between the examples discussed and the 

general ideas given in the advance organiser. There should 

be reference throughout a course to previously learned 

ideas, definitions and principles, so that they are 

integrated into course content as a whole. 

Ausubel's emphasis on 'meaningful learning' will remind 

teachers that learning designed to ensure master of a 

situation by an extension of the student's powers of 

reasoning, involves the careful design of instruction with 

that end in mind. 

3.1.5. Developmental School 

This school of psychology centres around the work of 

Piaget (1896 1980). A major work of his was 'The Origins of 

Intelligence in Children 1952'. The concept of learning was 

centred around human development. This involved the 

development of basic physical, logical mathematical and 

moral concepts from birth to adolescence (concept growth in 

such things as number, time, space, velocity, geometry, 
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chance and morality). 

Piaget considers that conceptual growth occurs because 

the child, whilst actively attempting to adapt to his 

environment, organises his actions into schemata through the 

processes of assimilation and accommodation. 

The schema is an important element in Piaget's theory. 

Bartlett (1932) coined the expression to describe it as 

follows:-

•an active organisation of past actions.' 

Hebb (1949) uses •cell assemblies' as the counterpart 

of Piaget's schemata. When the actions become replaced by 

symbols (words, numbers etc.) they become known as 

representational schemata. When a child is able to represent 

his world mentally by means of memory, imagery or symbolistic 

language, he is said to have internalised these experiences. 

Thought or thinking, according to Piaget, has its 

origins in actions physically performed and then 

internalised. Bluntly then, thought is internalised 

actions. The starting point of cognitive development must 

therefore the activity on the part of the neonate, not 

passive reception of sensory data. The child's striving to 

adapt and structure his experience enables patterns of 

actions to be formed. At a primitive level, the patterns 

may be simple perceptual patterns which become internalised. 

When these are recalled, they reappear as images of the 
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origin experience. 

Once symbolic language frees the child from the need to 

manipulate raw reality in order to form schemata, he can 

begin to develop logical thinking. He is able to reason 

using representation of the facts. The ability to carry out 

activities in one's imagination is known as an operation 

and, the child's growth to intellectual maturity depends on 

his capacity to carry out these mental operation. 

Piaget's theory was genetic, maturational and 

hierarchical. Adaption takes place in a set sequence of 

stages associated with successive mental (not chronological) 

ages. Several schemes representing the stages exist. The 

outlines of these are shown in Table 3.1 Appendix 3. 

BORK (1985) produced a further classification and 

summarised the characteristics as shown in Table 3.2 

Appendix 3. 

3.2 Psychological Models Applied to CAL 

Hannon and Wooler (1985) state that: 

•we should be realistic about what can be expected 

from psychology.' 

There is certainly no such thing as a single coherent 

'Psychology of Information Technology.' In order_to see 

the relevance of psychology in this area we need to 

understand the links between psychology and education 
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generally. sometimes the application of psychological 

knowledge results directly in an educational innovation, but 

on the whole such cases are rare. More often psychology is 

linked to education because educationalists turn to one 

psychological theory or another to justify innovations 

introduced primarily for other reasons. In other cases 

psychology enters education because, implicitly or 

explicitly; psychological benefits are claimed for certain 

educational practices. We also find psychological concepts 

used in describing certain curricular innovations which can, 

on occasions, be appropriately evaluated by means of 

research techniques imported from psychology. Psychology 

can be linked with the emerging educational fields of 

computing and information technology in all of the above 

ways. 

Much has been said about the use of the microcomputer as 

an educational tool, but relatively little attempt has been 

made to place this use withi~ particular models of cognitive 

development. Mills (1984) points outs: 

•not only can CAL be categorised according to the degree 

of user control permitted to the learner, but also 

particular implementations often reflect differing 

models of learning and, hence, of cognitive 

development.• 
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It is a fact however, that these models are rarely made 

explicit by the programme designers. With this background in 

mind we draw from the psychological schools previously 

discussed models of learning which have been applied to the 

development of Computer Assisted Learning (CAL) resources, 

and in subsequent sections to what extent. 

There are six main models: 

1) IPS or Computer Model 

2) Skill Model 

3) Hierarchy Model 

4) Framework Model 

5) Feedback Model 

6) Ausubel's Model 

3.2.1 IPS OR COMPUTER MODEL 

The Information Processing system theory of learning 

is a computer based model. It puts learning and memory 

together where traditionally they have been separated and 

treats them as two sides of the same coin. The model forms 

the basis of information processing theories. Anderson and 

Bower (1973), Atkinson and Stuffurin (1968), Rumbelhart, 

Lindsay and Norman (1972). It postulates a number of 

internal structures in the human brain and some 

corresponding processes that they carry out, and highlighted 
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by Greeno and Bjork (1973). 

A version of this model is shown in Figure 3.1, 

Appendix 3. 

The learner receives stimulation from the environment, 

which activates his receptors and is transformed to neural 

information and passed to the sensory register for a brief 

interval (some hundredths of a second), from which they may 

be processed by selective perception into perceived objects 

and object qualities, or features. This 'information' may 

then be stored in short term memory as auditory, 

articulatory, or visual images which are subject to 

rehearsal. As input to the long term memory the 

information is semantically or meaningfully encoded, and 

then stored in this form. Processes of search may be 

instituted followed by the process of retrieval. At this 

point, the information may be returned to the short term 

memory, which is conceived as a 'working' or conscious' 

memory. From this structure or directly from long term 

memory, the response generator is brought into play to 

generate a suitable response organisation. The signal flow 

from this structure activates effectors which exhibit the 

human performance. Feedback is provided via the learners 

observations of this performance and the phenomenon of 

reinforcement establishes the learned entities as 

capabilities available for future recall, exercise and uses. 

The diagram illustrates this feedback process. Our model 

described above provides a conception of the internal events 
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of learning. In computer language these processes might be 

called 'routines•. Obviously though as they occur in human 

learning they have a richness and complexity that goes 

beyond their basic functioning. The ways in which an 

individual learner may approach, engage in, and execute an 

act of learning all display the characteristics of 

variability, flexibility and ingenuity. 

The way in which these qualities of learning and 

remembering and generalising are to be conceived and brought 

into the total picture are via the executive control 

processes and expectancies. Both processes have been 

largely acquired by the individual in previous learning. 

For that reason they constitute another separate portion of 

long term memory. Their function is to determine or choose 

the particular kinds of information processing in which the 

learner engages to accomplish particular kinds of learning 

tasks. In other words they determine the learner's approach 

to one or more ways of processing information, how he goes 

about attending and storing and encoding and retrieving 

information. The executive control processes and 

expectancies are not connected with other structures in the 

model. This incompleteness indicates that these control 

processes are capable of affecting any and all of the phases 

of information flow. Control processes influence attention 

and selective perception by determining what features of the 

contents of the sensory register will be entered into short 

term memory and how information is stored in long term 
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memory. Also they can have an affect on how well one 

remembers. They probably also have an affect on the choice 

of a format for responding and so influence the kind of 

response organisation chosen for the learner's performance. 

They determine also the learner's strategies for generalising 

and problem solving and so influence the quality of the 

individual's thought. 

Expectancies are another sub class of executive control 

process. They represent the specific motivation of learners 

to reach the goal of learning which has been set for them or 

which they have set for themselves. What learners need to 

accomplish can influence what they attend to, how they 

encode the learned information and how they organise their 

responses. An expectancy is a continuing set, orientated 

towards the goal accomplishment, which enables learners to 

select the outputs of each processing stage. The two 

interrelated sets of processes described above play crucial 

roles in any information processing account of human learning 

and memory. It is apparent to the theorists who use the model 

shown in Figure 3.1, Appendix 3, that learning and 

remembering cannot be fully accounted for in terms of a simple 

diagram of information flow. There must also be processes by 

which the learner selects the nature of processing at each of 

the stages show. How the attention of the learner is 

directed, how the information is encoded how it is retrieved 

and how it is expressed in organised responses are all matters 

that require a choice of strategies. This choice is the 
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function of the executive control processes, including the 

expectancies which have been established before learning is 

undertaken. Gagne (1977) states: 

'These processes have the effect of making the learner 

a truly intelligent being one who can 'learn to 

learn', and therefore one who can engage in a large 

measure of self instruction.' 

Control processes must themselves be learned. 

3.2.2 The Skill Model 

Learning as a product of acquiring skills is often said 

to be attributed to the neo behaviourist school and in 

particular is exemplified by the work of Skinner (1968). 

General skills are acquired in the development of those 

class of skills (abilities) recognised making up general 

intelligence. Psychological theory indicates that many such 

skills are normally overlearned by most children in the 

normal course of their educational development. Additional 

practice after overl~arning has occurred produces relatively 

little effect on their performance in intelligence tests and 

accounts for the relative stability of IQ ratings. As Hebb 

(1949) has pointed out that: 

'innate potential for development of the abilities 

contributing to intelligence is not logically 

a guarantee that the development will occur ••• 

experience is essential.' 
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This inevitably leads to the conclusions that for pupils 

to develop to the full their natural potential referred to 

as 'Intelligence A' by Hebb, they should be encouraged to 

overlearn all the skills which contribute to intelligence. 

These general skills have been grouped by Thurstone 

(1938) into seven 'primary' abilities of: 

1) perceptual speed. 

2) association memory. 

3) verbal comprehension. 

4) word fluency 

5) number manipulation. 

6) space visualisation. 

7) logical reasoning. 

Many psychologists now believe that the above 

classification is too simplified. Thompson in Wiseman 

(1967) has suggested that it is possibly chance that 

abilities can be factorised into so few elements. Burt 

(1955) has also criticised Thurstone on the basis of his 

researches which indicated a much more complex pattern and 

Guilford has postulated a matrix of perhaps over 120 

individual abilities. Many of these skills are acquired 

between the ages of four and ten although Burt and others 

have pointed out that logical reasoning skills are acquired 
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over a much longer period. 

The experimental work of the nee behaviourist Skinner 

( 1968) briefly discussed in section 3 .1. 2, indicates that 

techniques for the precise control of reinforcing effects to 

control behaviour are now available. He has used these 

techniques to train animals to perform three of four well 

defined responses in any experimental session, and claims 

these techniques can be used in human learning. His method 

is called 'operant conditioning' because the animal has to 

operate on the environment before obtaining a reward 

(provided externally) i.e. Response Reinforcement. 

According to Skinner, if a new skill or element of knowledge 

to be learned by a human being is followed by some preferred 

or rewarding activity, but only if the learning has been 

successfully achieved, this is the basic prototype of 

learning. Also, a learner who begins with a liking for the 

•reinforcement' will transfer this liking to the learning 

task. To initially learn a response, he suggests that 

positive reinforcement follow the response each time it 

occurs. However, he has found that once a predetermined 

level of responding has been reached, several different 

schedules of reinforcement are more effective than continual 

reinforcement. These schedules are known as interval and 

ratio schedules, and each may be administered in a fixed or 

variable manner. Thus a fixed interval reinforcement would 

provide reinforcement following the correct response 

according to a schedules time plan (such as every two 
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minutes or every two hours), no matter how many responses 

were emitted during that period. Similarly, fixed ratio 

schedules provide reinforcement every fifth or tenth 

response etc. Bower and Hilgard (1981) state that: 

'Variable schedules provide reinforcement on a random 

basis, either varying by time variable interval 

reinforcement or by number of responses variable ratio 

reinforcement.' 

Skinner's latter work dealing with complex human learning 

emphasised the analysis of the task into small, discrete 

objectives so that repeated reinforcement could be applied to 

simple discrete responses. He stressed that students be given 

tasks in a hierarchy so that they would learn essential 

components first, and so that they would not fail. 

3.2.3 The Hierarchy Model 

When operating in the real world, skills must be 

applied to specific situations or tasks. Understanding the 

context in which one operates requires subject based 

learning. A clear line between general skills and subject 

based learning is impossible to draw because of the 

considerable overlap in such fields as numeracy and 

literacy. Cattell (1940) however, states that:-
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'Nevertheless, in practice one can define subject based 

learning as learning which, whether absent or present, 

would have almost negligible effect on IQ ratings and 

measured by culture free tests. ' 

In constructing learning programs for subject based 

material, Gagne's theory forms a useful basis. In Gagne 

(1977), he postulates a hierarchy of learning processes from 

the simplest to the most complex. Figure 3.2, Appendix 3 

illustrates the general pattern of his classification of 

these process. 

He considers stimulus response and chaining to be basic 

forms of learning and the others to be 'intellectual 

skills.' Gagne defines discrimination learning as acquiring 

the following:-

a response which differentiates by name or otherwise 

the stimulus features of a single member of a set from 

those of other members, or ••• to distinguish several 

different members of a set, making a different response 

to each.' 

Discrimination must inevitably be involved in learning 

to classify different items under the same heading. This 

latter is one of the essential features of concept 

formation. 
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Two types of concept learning are distinguished by 

Gagne, concrete and defined. A simplified summary of the 

distinction might be that concrete concepts relate to the 

classification of the perceived objects through 

discriminatory learning defined concepts relate to abstract 

ideas or events which need to be classified according to 

rules. One method of defining a rule is by a statement such 

IF concept A AND concept B THEN concept C. This would be a 

relatively simple rule. A more complex rule might be: IF 

concept D AND concept E AND NOT concept F THEN concept G 

ELSE concept H. 

Gagne had identified five main categories of learning 

outcomes that he believed represented all types of learning 

1) intellectual skills which incorporated discrimination, 

concept formation and rule learning as indicated above 2) 

cognitive strategies (capabilities that govern the 

individuals own learning, remembering and thinking 

behaviour), this would include applying rules to problem 

solving situations. 3) Verbal information. 4) Motor skills 

and 5) attitudes. 

Within these various types of learning, Gagne expressed 

his belief that there must be nine events of instruction. 

The internal learning processes (expressed in terms of 

cognitive theory) and the external instructional events 

related to these complimentary learning processes. These 

are listed in Figure 3.3, Appendix 3. 
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Gagne, Wager and Rajas (1981) and Gagne (1970, 1975) 

referred to those objects which stimulated learning as 

'objects of instruction• i.e. stimuli from which concepts 

could be taught or derived. Although Gagne is a 

psychologist in the learning theory mould, his model of 

learning is essentially of the hierarchical type in which 

complex cognitive abilities are based upon the mastery of 

simpler skills. 

Piaget's particular model of cognitive growth broadly 

speaking has the central proposition that learning takes 

place via interaction with a learning environment which, in 

some sense, embodies what is to be learnt. As a result of 

the interaction with a learning which, in some sense, 

embodies what is to be learnt. As a result of the 

interaction, the learner, constructs a set of internal 

hypotheses (or schemata) about the nature of the world. 

These schemata Evans (1967) states, then act as a:-

'set of rules serving as instructions for producing a 

population prototype.' 

Subsequent information is then processed within the 

existing schema which adjusts in order to cope with dissonant 

information. Although the schematic model of learning implied 

above is often associated with recent cognitive theorists its 

origins can be traced to Piaget's ideas on assimilation and 

equilibration. For Piaget, assimilation was the integration 

of the experience of reality into an intellectual structure 
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and equilibration was the process of schema modification in 

order to compensate for the disturbances caused by moral 

information. In the above model development, occurs as a 

progression through a series of stages, each characterised 

by its own form of equilibration. An essential element in 

this model is that learning is only possible if a complex 

structure is based on a simpler structure. This notion remains 

one of the most significant aspects to emerge from Piagetian 

Theory, yet it seems that the Piagetians themselves seemed 

to overlook its significance for the design of their own 

observational studies. The overall conclusion to emerge 

from a wealth of studies was that many Piagetians failed to 

take account of the child's state, the child's world 

knowledge, or to pose questions that made sense to the child 

(i.e. could be processed within existing schemata). These 

failings resulted in an underestimation of children's mental 

abilities. 

This research tradition, generally associated with 

Bruner's model of cognitive growth has indicated that the 

claims for the strict interpretation of stage theory have 

been unfounded and that children are considerably less 

limited than originally supposed. In all cases this re 

interpretation of children's abilities has been based on 

studies which have presented tasks to children in a manner 

which either made sense to the child or removed unnecessary 

confusing elements in the testing procedure (see Donaldson 

(1978), for a review of such investigations). 
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Although Piagetian and Brunerian approaches are often 

considered to be at odds, there are essential similarities 

between the models. Both are basically hierarchical models 

in which cognitive growth is an ordered process from simple 

to complex and this development is based upon interactions 

with the environment and the learner is presumed to be an 

active participant in the learning process. 

Social learning theory has attempted to combine 

cognitive and behaviourist psychology with its own special 

emphasis on the person in the social setting with all of its 

ramifications. Bandura (1977) states that: 

'Most human behaviour is learned observationally 

through modelling: from observing others, one forms 

an idea of how new behaviours are performed, and on 

later occasions this coded information serves as a 

guide for action. Because people can learn from 

example what to do, at least in approximate form, 

before performing any behaviour, they are spared 

needless errors.' 

He pointed out that observational learning is governed 

by four component processes 1) attention 2) retentional 

process, 3) conversion of symbolic representations into 

appropriate actions and 4) motivational processes. 

According to the social learning view, observational 

learning occurs through symbolic processes during exposure 

to modelled activities before any responses have been 
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performed and does not necessarily require extrinsic 

reinforcement. It does play a role in observational 

learning, but mainly as an antecedent rather than a 

consequent influence. Anticipation of reinforcement is one 

of several factors that can influence what is observed and 

what goes unnoticed, This is not really an hierarchical 

model, but is included here as it spans the behaviourist and 

cognitive models and is significant in CAL as will be shown 

later. 

3.2.4 The Framework Model 

The above possible classifications of course do not 

tell us how the learning actually takes place. Although, 

the work of Bruner and Piaget would appear to tend towards 

this line of approach. Piaget has pointed out that real 

understanding of concepts and abstractions will only occur 

when the learner has reached a certain learning stage. The 

child must already have a set of learning frameworks 

available within which new learning can be assimilated. 

Norman and Rumelhart (1975) categorised three modes of 

learning:-

1) 'accretion' The addition of new knowledge to existing 

schemata. The framework exists, but new data is entered. 

2) 'structuring' the formation of new conceptualisations 

when existing schemata will no longer suffice. 
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3) 'tuning' the fine adjustment of knowledge to a task 

which occurs when the appropriate schemata exist and the 

necessary knowledge is within them, but they are inefficient 

for the task at hand because they are too general or not 

matched to the particular task. 

In these terms 'accretion', the most common form of 

learning, is equivalent to 'assimilation', and 'structuring' 

to 'accommodation'. Schank (1982) developed a theory of 

dynamic memory based on his work in Artificial Intelligence. 

His main point is that memorising is not enough, but that 

the learner must have a context into which to place newly 

acquired information in order to make intelligent use of the 

incoming data. Schank refers to the existing frameworks as 

'scripts' and argues that the most efficient learning takes 

place when we remind ourselves of a previous script and 

modify it in accordance with a new learning experience. 

There are close similarities with the statement of Norman's 

(1982) that:-

'knowledge does not imply understanding'. 

The latter comes when the former is interrupted in the 

light of existing conceptual frameworks. 

3.2.5 The Feedback Model 

The idea of using feedback control system as a model 

for a human operator was proposed by Craik (1948) and later 

elaborated by Hick and Bates (1950). At the same time 
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Wiener (1948) had been developing the concept of negative 

feedback in his theory of cybernetics. This model seems to 

be of special application where the learner's responses 

produce actions which can be perceived as measurable on an 

analogue scale. Thus acquiring a skill in controlling a 

physical action is a process of learning how to •correct' 

responses in order to produce the required behaviour. Of 

course, if repetitive tasks are required to be undertaken 

the performer's action need not be modified provided there 

is no error. 

3.2.6 Ausubel's Model 

We discussed Ausubel's theories of meaningful 

learning,in section 3.1.4. Ausubel (1968), states that: 

'the degree of meaningful, as opposed to rote 

learning of new materials requires its interaction 

with previous knowledge.' 

To aid this process, Ausubel suggests that prior to 

instruction, organising material of greater generality should 

be studied by the learner. Such a process of development 

requires the student to assume a greater responsibility for 

managing his own learning. The forms of meaningful learning 

as viewed in Ausubel's Assimilation Theory, Entwistle (1981); 

are summarised in Figure 3.4, Appendix 3. 
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Ausubel (1978) gives a good summary of his work in 

making the distinction between rote and meaningful learning. 

He suggests that 'meaningful learning' takes place if the 

learning task can be related in non arbitrary substantive 

(non verbatim) fashion to what the learner already knows, 

and if the learner adopts a corresponding learning set to do 

so.' whereas 'rote learning occurs if the learning tasks 

consist of purely arbitrary associations .•• if the learner 

lacks the relevant prior knowledge necessary for making the 

learning potentially meaningful, and also (regardless of how 

much potential meaning the task has) if the learner adopts a 

set merely to internalise it in an arbitrary, verbatim 

fashion. 

From his work Ausubel produced a model distinguishing 

two independent axis called learning as shown in Figure 

3.5, Appendix 3. 

This illustrates a continuous variation in the learning 

process from rote to meaningful learning. The second axis 

although deemed learning has more concern with teaching 

strategies. 

The way in which these models of learning are used in 

the development of computer assisted learning are outlined 

in Chapter 5. 

-115-



-----------------------------------------------------

CHAPTER 4 

LEARNING AND TEACHING STYLES 

4.1 Learning Styles 

It is clear from the learning theories and models of 

Chapter 3, that the learning process can be understood to 

some extent, and therefore, can be guided. However, another 

important factor arises, in that, any problem with which the 

student is posed may have different strategies for obtaining 

a correct solution. Different students also possess 

personal preferences about the approach to adopt to enact a 

solution. Clearly students exhibit different learning 

styles. 

There are clear significances for CAL from the above. 

If as inferred in Chapter 3, Section 3.2 that learning 

models reflecting different cognitive developments can be 

related to particular CAL implementations then there must 

be a possibility of matching CAL to the students of 

different learning styles. 

This has effectively put CAL in a teaching role and 

therefore, there are certainly significances in the teaching 

strategies used. Much can be learned from these to assist in 

this matching of CAL to the student. These strategies will 

be considered in Section 4.2. However, in the subsequent 

paragraphs the different learning styles will be considered. 
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Hudson (1970) distinguishes between two types of 

students 'the sylbs', who are syllabus bound and the 

'sylfs', who are syllabus-free. Some like to be told wpat 

to studyi others like plenty of choice in the matter. 

Perry (1970) in his descriptions of the intellectual 

and ethical development of students during their four years 

at Harvard echoes Piaget's observations of young children, 

notes a progression of much consequence here. It illustrates 

how a student often begins with the expectations that 

knowledge consists of right answers, one per problem, and his 

teacher will tell him what they are. Later on he may recognise 

that teachers appear to be presenting several right answers to 

the same question, but he assumes this is a teaching technique 

to help him find the real right answer for himself. It is some 

time before he conceives of knowledge as relativistic and 

dependent on context and comes to see several answers can be 

right, not because everyone's entitled to his opinion, but 

because they can be justified in particular frames of 

reference. 

Only those students who are well on the way towards 

this relativistic viewpoint are likely to commit themselves 

to purposes of their own. 

The work of Pask (1976) and his associates has 

sharpened our awareness of another difference, that between 

'serialist' and 'holist' learning. Students using a 

serialist strategy work through a topic step by step in 
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linear sequence. Their focus is narrow and they prefer to 

learn each item thoroughly before going on to the next. In 

recalling what they have learned they will usually follow 

their original sequence. Students adopting a holist 

strategy on the other hand, try to roam freely over the 

topic, examining it from many viewpoints, looking for 

analogies and examples, and building up a general picture 

before attempting to learn details. Robertson (1977) 

states:-

'they also have a wide focus of attention bringing 

together several sub-topics right from the start.' 

In the end both groups of students can reach the same 

level of understanding, but their ways of reaching that 

understanding are very different. The serialists apparently 

put much emphasis on the separate topics and the logical 

sequences connecting them, forming an overall picture of what 

is being learned only rather late in the process. The holists 

try to build up that overall picture, as a guide to learning, 

right from the start and see where the details fit into that. 

picture much later on. 

Pask distinguishes two major pathologies of learning -

the failure to examine the logical structure or the evidence 

in sufficient detail, and the failure to make use of 

appropriate analogies. He attributes as 'globe trotting' 

the tendency of the holist to make inappropriate or vacuous 

analogies. This pathology might also take the form of an 
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over readiness to generalise from insufficient evidence to 

form hasty personal judgements. The serialist falls into 

the opposite trap. He fails to make use of valid and 

important analogies and may not build up for himself any 

overall map to see how the topic fits into the subject area 

in general. This pathology is referred to by Pask as 

improvidence. 

The general tendency to adopt a particular strategy is 

referred to as a learning style, see Pask (1976). The 

'holist like' style is called comprehension learning which 

involves 'building descriptions of what is known.' The 

'serialist like 'style is called operation learning, which 

is the facet of the learning process concerned with 

'mastering procedural details. ' 

Students who show sufficient consistent bias in their 

learning strategies to be described as 'comprehension 

learners' or 'operation learners' are likely to show equally 

consistent pathologies of learning. There are, however, 

other students who are readily able to adopt their learning 

strategy to the requirements of the particular task, 

emphasising either comprehension learning or operation 

learning as appropriate, and using both in tandem wherever 

possible. Pask describes these students as having a 

versatile style of learning, not prone to globe trotting. 
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------------------------------------------------------------- -

Matching familiar figures, Kagan et al (1964) and 

Identifying Embedded Figures Witkin (1977) were tests where 

the respondent is required to answer as quickly as possible, 

making another attempt after each incorrect answer response. 

There is not only pressure to find correct answer, but also 

to decide quickly. Kogan (1976) sees the situation as 

building up competing anxieties towards correct, or fast, 

responses. The average time to answer (response latency) 

is measured and also the number of errors. Two cognitive 

styles have been detected with these tests. Impulsive 

people succumb rapidly to the need to identify the matching 

figure: they choose timidly and make more mistakes. 

Reflective individuals treat the task more analytically and 

cautiously: they are more accurate, but slower. Among 

children there is again a developmental trend, as well as a 

cognitive style component in these measures. Fast accurate 

children are often intellectually more advanced than slow, 

inaccurate children, but the impulsive/reflective 

distinction according to Messer (1976) does seem to indicate 

an important difference in information processing 

strategies. Kagan (1966) carried out tests which produced 

results as shown in Table 4.1, Appendix 4. 

With semantic material speed and accuracy are related 

to intelligence, but differences in scores produced on 

'speed' and 'power' tests of reasoning show that some 

intelligent people prefer a careful thoughtful response. 
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This would tend to indicate the trend of Table 4.1. 

Appendix 4. 

Witkin (1976; 1977) reviewed extensive literature on 

the uses of the embedded figure test and other methods of 

measuring the dimensions of field dependence/field 

independence. In the E.F.T. some people can spot the 

embedded figure almost immediately; they are not distracted 

by the surroundings and are categorised as field 

independent. Other people spend much longer with simple 

items. Witkin labelled the styles of thinking as 

articulated (field-independent) and global (field­

dependent), which seem to bear some resemblance to Pask's 

description of operational and comprehension learning. 

Articulated field-independent style involves analysing 

and structuring incoming information; the global, field 

dependent mode of operation accepts the totality of 

impressions. Witkin et al (1977) summarises field dependent 

and independent as follows: field-dependent as using social 

cues preferring personal and social activities, requiring 

guidance, material and feedback on learning progress, 

profiting from filmed material. The field-independent uses 

on the other hand mediating strategies preferring impersonal 

strategies needing little guidance and feedback; profiting 

from written material. 
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Guilford (1950) introduced his 'model of the intellect', 

he postulated several cognitive operations amongst which he 

included convergent and divergent thinking. The convergent 

thinker is distinguished by his/her ability in dealing with 

problems requiring one conventional correct solution clearly 

obtainable from the information available. Problems of this 

kind can be found in all intelligence tests and many 

'objective-type' questions in which a problem is presented 

with several solutions only one of which is correct. There 

is no opportunity given for productive thinking in such 

cases beyond the information supplied; in.fact, items with 

more than one solution would be discarded as unsatisfactory. 

The divergent thinker on the other hand is. adept in 

problems requiring the generation of severally equally 

acceptable solutions where the emphasis is on the quantity, 

variety and originality of responses. Divergent thinking 

has often been correlated to creative thinking? The two 

categories being an attempt to discriminate between the style 

of problem solving behaviour adopted in closed and open­

ended problems. 

Hudson (1966) drew attention to the wide differences in 

performance on the Uses of Objects Test, even of sixth 

formers who were all highly intelligent. The inability of 

some pupils to think of more than the most obvious uses led 

Hudson to designate them as 'convergers', while the super 

abundance of uses produced by other boys indicated that they 

could be called 'divergers'. The label given depends on 
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which test score was higher - the verbal reasoning test or 

the open-ended test. Hudson (1970) came to the conclusion 

that when such tests are combined convergers were more than 

twice as likely as the divergers to be academically 

successful. He also categorised the above types in terms of 

their personality characteristics. Convergers were 

authoritarian, masculine, unemotional and sober. Divergers 

on the other hand, are liberal, feminine, emotional and 

humourous. Also Hudson observed that the majority of 

convergers studied science while divergers mainly 

specialised in the arts. 

Heath (1964, 1978) in his work at Princetown University 

identified four types of student personality wise; X-non 

committers - marked tendency to avoid involvements, taking a 

passive role in a conflict situation. Y-type hustler: 

thrives on activity, but is is purposeful activity. Also he 

seems to possess an inordinate need for achievement, for 

concrete success. Z-plungers; in contrast to x, who 

maintain a remarkable stability of mood, Z is known for a 

variability of mood. Today he may feel on top of the 

world, tomorrow might find him/her bitter, sad and alone. 

The final type if A-reasonable, adventurer; has ability to 

create his own opportunities for satisfaction. He/she seems 

to have their psychological house in sufficient order to 

release him to attack the problems of everyday life with 

zest and originality. 
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A student may sometimes seem more or less wedded to one 

strategy or another, as an expression of a more general 

learning style, itself perhaps related to some dimension of 

personality. Also the student may be flexible enough to 

switch from one strategy to another according to the nature 

of the task in hand. 

Ference Marten and colleagues at Gothenburg University 

have helped throw interesting light on the way in which 

students may adapt their approaches according to how they 

perceive a certain task and what they hope to get out of it. 

Dahlgren and Marten (1978), Marten (1975), and Marten 

and Saljo (1976) from their interviews with students on 

completion of a learning task, they were able to distinguish 

between what they called •surface-level' and 'deep-level' 

approaches to learning. The surface level approach is 

passive and shallow with the students looking for isolation 

facts or ideas that he can learn by rote on the assumption 

that, these are what he will be questioned on. Students 

using a deep-level approach, however, are those who attempt 

to penetrate the surface of the material, looking for an 

underlying theme or message, trying to evaluate the contents 

in terms of their own previous experience of related 

matters. Larillard (1979) reported that two thirds of her 

sample of students which she had studied used different 

approaches on different occasions. 
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Kogan (1976) comments that:-

'the cognitive styles are not to be taken for granted 

neither being completely independent nor completely 

overlapping in their interrelationships.• 

Entwistle (1981) in the absence of firm empirical 

relationships attempted to marry some of the learning 

strategies in the following manner. Holists tend to be 

divergent thinkers, which might imply they use wider 

conceptual categories, and are more ready to accept thematic 

as opposed to analytic links between concepts. It might 

also imply that they are likely to be impulsive, emotionally 

uninhibited but not anxious, and to opt for courses in 

languages or in humanities. ·serialists are more convergent 

in their thought processes. They are thus likely to be 

cautious, conservative, analytic and tend to reject possible 

connections buy using narrow categorisations. Emotionally 

they might be inhibited and their area of study is likely to 

be mathematical or scientific. Versatile learners are 

surely cognitively complex. They can vary their strategy 

according to the characteristics of the task, and presumably 

are able to withstand diversity and inconsistency. 

What is clear from the various researches into learning 

strategies is that our 'student body' can never in fact be 

regarded as one monolithic mass whose every member can be 

expected to react to 'course offerings' in a uniform manner. 
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-----------------------------------------------------

They will differ among themselves in their styles and 

orientations to learning: some will be at a higher stage of 

intellectual development than others; some will be more 

independent and willing to take initiative; some will be 

collaborative with other students, some will be competitive 

and some will simply want to be left alone to get on with 

it; some will be interested chiefly in mastering the 

subject, others more in getting good grades; and so on. 

Furthermore, any individual student is likely to have a 

different range of strategies to draw on for any given 

learning task. Honey and Mumford (1989) have more recently 

produced a very good overview of learning styles in the 

form of general descriptions as follows:-

Activists - They involve themselves fully and without 

bias in new experiences. They enjoy the here and now and 

are happy to be dominated by immediate experiences. They 

are open-minded, not sceptical, and this tends to make them 

enthusiastic about anything new. Their philosophy is; 'I'll 

try anything once.' They tend to act first and consider 

consequences afterwards. Their days are filled with 

activity. They tackle problems by brainstorming. As soon 

as the excitement from one activity has died down they are 

busy looking for the next. They tend to thrive on the 

challenge of new experiences, but are bored with 

implementation and longer term consolidation. They are 

gregarious people constantly involving themselves with 

others but, in doing so, they seek to centre all activities 
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around themselves. 

Reflectors - like to stand back to ponder experiences 

and observe them from many different perspectives. They 

collect data, both first hand and from others, and prefer to 

think about it thoroughly before coming to any conclusion. 

The thorough collection and analysis of data about 

experiences and events is what counts so they tend to 

postpone reaching definite conclusions for as long as 

possible. Their philosophy is to be cautious. They are 

thoughtful people who like to consider all possible angles 

and implications before making a move. They prefer to take 

a back seat in meetings and discussions. They enjoy 

observing other people in action. They listen to others and 

get the drift of the discussion before making their own 

points. They tend to adopt a low profile and have a 

slightly distant, tolerant unruffled air about them. When 

they act it is part of a wide picture which includes the 

past as well as the present and others' observations as well 

as their own. 

Theorists - Adapt and integrate observations into 

complex , but logically sound theories. They think 

problems through in a vertical step by step logical way. 

They assimilate disparate facts into coherent theories. 

They tend to be perfectionists who won't rest easy until 

things are tidy and fit into a rational scheme. They like 

to analyse and synthesise. They are keen on basic 

assumptions, principles, theories, models and systems 

-127-



thinking. Their philosophy prizes rationality and logic. 

'If it's logical its good'. Questions they frequently ask 

are; "Does it make sense?" "How does this fit with that?" 

"What are the basic assumptions?" They tend to be detached, 

analytical and dedicated to rational objectivity rather than 

anything subjective or ambiguous. Their approach to problems 

is consistently logical. This is their •mental set' and they 

rigidly reject anything that does not fit with it. They 

prefer to maximise certainty and feel uncomfortable with 

subjective judgements, lateral thinking and anything 

flippant. 

Pragmatists - Are keen on trying out ideas, theories 

and techniques to see if they work in practice. They 

positively search out new ideas and take the first 

opportunity to experiment with applications. They are the 

sort of people who return from management courses brimming 

with new ideas that they want to try out in practice. 

They like to get on with things and act quickly and 

confidentially on ideas that attract them. They tend to be 

impatient with ruminating and open-ended discussions. They 

are essentially practical, down to earth people who like 

making practical decisions and solving problems. They 

respond to problems and opportunities •as a challenge'. 

Their philosophy is: 'There is always a better way' and 'If 

it works its good.' 
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4.2 Teaching Styles 

Teachers differ in their professional world-views-their 

pedagogic paradigms, such differing 'pedagogic paradigms' 

are compounded out of various beliefs teachers hold about 

education, knowledge, students and the processes by which 

they are assumed to learn. One tends to look at teachers 

views as a continuum. One extreme is characterised by the 

teacher whose first loyalty is to a public corpus of pre­

existing knowledge, which he knows every student ought to 

acquire and whose concern is to 'get it across' to a 

succession of students who learn, as far as their limited 

capacity and motivation will allow by absorbing and 

reproducing the products of other peoples' expert 

experience. Many teachers who would not publicly or even 

consciously, subscribed to such notion, nevertheless as 

though they do in their teaching and especially perhaps, in 

the ways in which they assess students learning. 

The other extreme is characterising by teachers who 

eschew generalisations about what every student ought to 

learn and who believing people to have unlimited capacity 

for growth unless 'discouraged', give their first loyalty to 

individual students, encouraging them to develop their own 

motivation and pursue their own purposes in enjoying, and 

getting better at, the process of making their own meanings 

and creating new knowledge out of their own ideas and 

experiences. 
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To put it into context, where one extreme sees students 

as passively responding to received knowledge, the other 

concedes them as an active role in making knowledge, at the 

very least by filtering what we tell them through their own 

experience and forming their own conclusions. Few teachers 

/lecturers are likely to dig in at either extreme of the 

continuum. Most of us tend, in general, to edge towards 

one rather than the other. However, each of us is likely to 

vary his position according to the particular aspect of 

education in question; according to the subject we are 

teaching or even from topic to topic within it, according to 

how we see a particular group of students. 

There are in the main two broad contrasting approaches 

to education and training within the context of which virtually 

all important educational technology-related developments in 

particular CAL, have taken place, namely, the traditional 

teacher/institution centred approach (formal teaching 

environment) and the more recent student-centred approach 

(informal teaching environment). In each case we will first 

examine the structure of the system that underlies the 

approach, finally discussing the main teaching methods used 

by both approaches and their strengths and weaknesses. 
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4.2.1 Teacher/Institution Centred Approach 

In the conventional teaching/learning situation, the 

teacher imparts, to a class of students subject matter which 

is laid down in some form of syllabus (or, more often than 

not, imparts his personal interpretation of the syllabus). 

According to Entwistle (1981) they see their role in terms 

of:-

'the narrow view of education in which examination 

results and vocational training are dominant.' 

The classes normally take place at set times and last 

for a pre-determined period, as indicated by a timetable 

while the teaching methods are almost invariably of the 

'face-to-face• type. The whole system is geared towards the 

smooth operation of the teaching institution, with little or 

no attempt being made to cater for the different learning 

styles and particular difficulties of individual students. 

A schematic representation of the traditional teacher/ 

institution centred approach to education and training is 

given in Figure 4.1, Appendix 4. 

In such a system virtually all the decisions as to 

how a course is to be organised and taught are made either 

by the institution mounting the course or by the teacher 

nominated to take the class. The institution decides where 

and when the class is to meet and how long each session is 

to last, these arrangements being tailored to fit in with 
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those for all the other courses run by the institution. The 

institution also decides which particular member (or 

members) of staff will be responsible for actually teaching 

the class. 

The teacher or instructor makes most of the 'tactical ' 

decisions relating to how the syllabus (which is often laid 

down by an external body of some sort), should be 

interpreted, in terms of both the specific subject matter to 

be covered and the level of sophistication at which this is 

to be treated. Decisions regarding the structuring, 

sequencing and presentation of the material are also made by 

the teacher, as are decisions concerning the teaching 

methods to be used and the pace of the course. 

The student normally has little or no say in any of 

these decisions, and must try to adapt his learning style 

to the organisational constraints laid down by the 

institution and to the educational decisions made by the 

teacher. Finally the student's ultimate achievement on the 

course is normally assessed by an examination of some sort, 

sometimes set externally, with the individual student again 

having no say regarding how this is done. 
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4.2.2 The Student-Centred Approach 

While conventional teaching strategies are strongly 

dominated by the teacher and by institutional constraints, 

student-centred strategies are designed to provide the 

student with a highly flexible system of learning which is 

geared to individual life and learning styles. In such 

strategies, the teacher and the institution play supportive, 

rather than central roles. 

This learning strategy owes its above title to Rogers 

however, many such phrases have been coined to refer to this 

informal alternative approach to traditional style teaching 

strategies. Typically Enquiry (Socrates); Experimental 

(Dewey); Humanistic (Weinstein); Confluent (Brown); 

Androgogy (Knowles); Progressive (Bennett); Active Tutorial 

Work (Button); and Participatory Learning. However, Peters 

(1987) characterises it in a more general description as 

'the students being given the responsibility for their own 

learning. Rather than purely relying on the teacher to 

spoon-feed them with information they should be encouraged 

and made to feel that they should take charge of their 

learning.' By making them more responsible they should be 

better motivated and feel a sense of duty to get work done. 

Students often like to be given responsibility in this way. 

Other useful skills for their future are also developed such 

as the ability to plan and organise their time, use sources 

of information efficiently, make decisions and solve 

problems. Student-centred learning is also characterised by 
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the students being active and participating in the learning 

process, acquiring knowledge for themselves rather than 

being told. It is often more meaningful to actually 

experience something by doing and learning is often 

increased. Being active helps stimulate students and keep 

their interest. Also this type of teaching strategy can and 

often does, involve the students in negotiation. 

A wide range of approaches has been developed and used 

at different levels of education. These vary from systems 

designed to individualise learning within an existing 

educational or training environment by extensive use of 

resource-based learning, to systems where practically all of 

the conventional barriers to educational opportunity have 

been removed, so that a potential student can be of any age 

or background, and can study in places, and at times which 

suit the individual rather than the institution. Such 

systems are called open learning systems, and are at present 

engendering a great deal of interest within the further and 

higher education and training sectors in the U.K. 

The basic structure of the system that underlies the 

student-centred approach can be represented diagramatically 

as shown in Figure 4.2, Appendix 4. Although not all of the 

factors shown are applicable in every case. 
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In such a structure, the individual student's 

requirements are the most important considerations, with all 

the other components of the system being geared to assist 

the student to achieve his particular learning objectives as 

effectively as possible. 

The relationship between the student and his host 

institution can vary considerably within the context of the 

student-centred approach. However, at least three basic 

organisational systems can be identified namely instftution­

based systems, 'local' systems and distance learning 

systems. 

Institution-Based Systems - In this system the students 

work at a particular institution, with learning facilities 

and lecturer/teacher help being provided by_the institution 

on an 'open ac.cess' basis, and the students attending the 

institution for study at times and at a pace which suits 

them. A classic type of this is the Keller Plan as outlined 

by Percival and Ellington (1984). 

Local Systems - The host institution sets out to offer 

the students the facilities normally associated with a 

correspondence course and to back this up with on-the-spot 

institutional support. Such systems are aimed specifically 

at members of the local population whose personal situations 

render it impossible to attend the formal education courses. 

Regular attendance at the college is not required since a 

range of individualised learning facilities are provided on 
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an open access basis. A typical example of this type of 

system is 'Flexistudy', which is becoming increasingly 

popular in the U.K., especially in the field of further 

education. This has its works in the Manpower Service 

Commission's 'Open Tech' Programme. 

Distance Learning Systems - Most of the learning takes 

place away from the host institution. Individualised 

learning materials are provided for the student, and 

tutorial help may be made available through correspondence 

with the institution or via a local lecturer/teacher or 

both. Self help groups organised by students in a 

particular geographical area may also spring up. The best 

known example of this is the Open University in the U.K. 

In all of the above mentioned systems the student has a 

high responsibility for all aspects of his/her own learning. 

This necessitates a high level of motivation. 

4.3 Matching of Teaching and Learning Styles 

Entwistle (1981) outlined Pask's investigation of 

matching and mismatching learning material with student's 

learning strategies, Results were dramatic although they 

were only based on a small sample. There was little overlap 

in the scores of the matched and mismatched groups. 

Students in matched conditions were able to answer most of 

the questions about what they had learned, whereas other 

students generally fell below half marks. 
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A new area of research notably aptitude treatment 

interaction was initiated when Cronbach (1957) criticised 

the separation between psychologists who studied learning 

and those who measured abilities. He argued that we should 

expect differential effects of contrasting education 

•treatments' on students with differing aptitudes, whether 

it be an intellectual skill or personality characteristic. 

Biggs (1976); Snow (1976) and Gustafsson (1976) although 

accepting that the idea made intuitive sense, state that it 

has proved difficult to find aptitudes on which there are 

consistent differential effects. Aptitudes such as verbal 

reasoning,which are closely related to school learning more 

often than not, do not produce differential patterns because, 

whatever the •treatment' the pupils with the highest 

reasoning scores also show higher levels of performance. 

Leith (1974) and Trown and Leith (1975) have 

demonstrated interesting interactions between personality 

classroom organisation and teaching methods. Figure 4.3, 

Appendix 4 illustrates some typical results.. Clearly it 

would appear that anxious students learned more effectively 

from a teacher-centred supportive strategy while the 

emotionally stable students were more successful with a 

learner-centred exploratory approach. The •cross-over• 

effect could be used to allocate students to treatment 

although such 'streaming by personality• can create other 

problems and is rarely advocated. 
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Radatz (1979) carried out tests to investigate 

differences between student/teacher streaming strategies in 

the areas of arithmetic skills and set language. The 

results of this research are shown in Figures 4.4 and 4.5, 

Appendix 4. Clearly in the area of arithmetic skills 

impulsive students performed better with impulsive teachers 

and reflective students with reflective teachers. However, 

in Set Language though the results were the same when 

matching reflective teachers to both groups of students, 

with impulsive teachers the standard produced by both sets 

of students were on a par, low. 

It is apparent that results from aptitude-treatment or 

type-treatment studies are to be expected, although the 

effects of personality and motivation on attainment are 

likely to be less strong than those of either previous 

attainment, including ability level or teaching style. 

However, there has been little research into the 

effects of matching or mismatching the teaching with 

learning style - a variable which has more direct relevance 

to attainment than any measure of personality. Pask (1976) 

in reference to his work on such matters suggests that 

extreme teaching styles could be markedly disadvantageous to 

students with a mismatched learning style. 
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An important aim in education should be to help 

students to adopt integrated, flexible and versatile styles 

of learning. Similarly it must be emphasised that teachers 

should similarly be encouraged to be equally versatile in 

using a variety of methods of presentation, appropriate to 

the subject matter being introduced. What applies to the 

student who is responsible only for his own learning, 

applies even more strongly to the teacher who is guiding the 

learning of many students. 

A poignant point which summarises the approach which 

lecturers/teachers should adopt is made by Larillard (1979):-

'It would be dangerous to assume that our students 

possess learning styles that are inherent, unalterable, 

and inflexible. Rather, as teachers, we should be 

asking whether the learning environment we create, 

especially in the kinds of course content we favour, 

the assessment demands we make on students, and the 

guidance on approaches to study, are such as to 

encourage or discourage a student in expanding 

his/her repertoire.• 

4.4 Methods of Teaching Delivery and Assessment 

Certain factors that emerge from the two major 

teaching strategies discussed in Sections 4.2.1 and 4.2.2 

The first one is that with student-centred learning it is 

clearly a vehicle for an open-learning approach, this means 

the utilisation of a wide range of resources and in general 
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requires colleges to have open learning style centres. 

Within such a framework CAL by its very nature is a natural 

resource amongst others for such centres. The individual 

college must decide whether to adopt such approaches or 

adopt the more traditional learning approach, which is not 

so accommodating to a CAL teaching environment. 

The following Section 4.4.1 outlines the various 

methods of delivery available to the teacher/lecturer, which 

are applicable to each of the teaching strategies and puts 

into perspective the place of CAL within these. Above all 

they attempt to show the possibilities for a more flexible 

approach to managing the learning process, suggested by 

Section 4.3. 

4.4.1 Methods of Teaching For Teacher/Institution-Centred 

Approach 

The methods range from purely expository methods such 

as the lecture or talk to methods which involve a much 

greater degree of individualised learning or group work. 

All of these activities occur within an educational structure 

which is organised or run by the teacher/lecturer, operating 

within the fairly rigid constraints of the institution in 

which he/she works. 
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At the further education level, expositions in the form 

of lectures, films, broadcasts etc. are by far the most 

common teaching methods, together with private reading and 

other individual work, tutorials, seminars and practical 

work. 

Lectures and Talks - Despite the plethora of other 

teaching methods available, the face-to-face talk or 

'lecture' still holds a central position at many levels of 

education. It is rather surprising that comparatively 

little is known about the educational effectiveness of the 

lecture. Hence the strength with which opinions on the 

usefulness of lectures are held is frequently greater than 

the strength of the grounds upon which these opinions are 

based. In addition the problem of defining what constitutes 

a 'good lecture' is exceedingly difficult since several 

research studies e.g. McLeish (1968) have indicated that 

individual students appreciate not only different, but 

sometimes conflicting things in a lecture. 

Practical Activities - Within most teacher/institution 

centred teaching systems, laboratory-type classes are a 

common way of demonstrating the practical elements of a 

subject and of •using the theory•. The use of such 

practical sessions in this mode would appear to be capable 

of doing nothing but good; nevertheless, careful analysis of 

their use is often necessary if the fullest potential of 

such exercises is to be realised. 

-141-



Film and Video Presentations - Films have been used in 

education as a mass-instructional teaching method in their 

own right for many years. With the arrival of the video­

cassette recorder the practice has become even more 

prevalent. There are a wide range of films and video­

cassette programmes now available for the further education 

market. As well as a teaching method in their own right 

they can be incorporated into lecture-type presentations in 

order to provide illustrative visual stimulation and variety 

of approach. 

Educational Broadcasting - In most cases broadcast 

radio and television education programmes have been limited 

to that of general interest, 'optional extra• or back up 

material, in the further education sector. Although in 

recent years with the influence of information technology 

the quantity and quality of broadcasts material has greatly 

increased. 

Audio visual Media - Chalkboards and whiteboards are 

widely used in all sectors of education for the display of 

impromptu notes and diagrams, during a lesson and for 

working through calculations or similar exercises in front 

of a class. The whiteboard has the added advantage of 

doubling as a projector screen. Feltboards can be used for 

permanent or semi-permanent displays, but their main 

application is in situations requiring the movement or re­

arrangement of pieces i.e. in the build up of electrical or 

electronic type circuit arrangements. Magnetic boards 
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fulfil a similar function. 

Wallcharts can play a variety of different roles. They 

can be used to stimulate interest and provide motivation and 

act as a source of ideas or topics for discussion. Also they 

can be referred to at random in order to produce gradual 

familiarisation with their content and to act as an 

information store and memory substitute. 

Flipcharts are best used to present visual information 

which supplements a verbal explanation. Models on the other 

hand are often used in cases where movement has to be 

illustrated e.g. electrical machine principle of operation. 

Pre-prepared notes, diagrams and tables can be given to 

students in the form of hand-outs. This can save the 

student from tedious and perhaps inefficient notetaking 

allowing concentration on what is being said. However, very 

complete hand-out notes may encourage laziness, or even 

absenteeism. These are reasons why some teachers/lecturers 

use partial hand-outs. 

Filmstrips and slides can be of great assistance to a 

teacher or lecturer in providing visual reinforcement to 

what is said and are particularly useful for showing 

photographs, diagrams, and other graphic material. Films 

also provide an important resource in filling a number of 

instructional roles, ranging from front-line teaching to 

their use for illustrate or motivational purposes. Video­

cassette and Videodisc machines are now tending to replace 
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the role of the film projector. Tape and Cassette records 

can be used for audio purposes in a variety of roles. Such 

examples are for play back of talks to a class or to provide 

illustrative supportive audio visual material in the context 

of a 'live' lecture or lesson, plus commercial audio 

programmes covering a wide range of subjects. 

The overhead projector (OHP) is probably the most 

versatile visual aid that can be used to support mass­

instruction methods. As a consequence its use has become 

extremely widespread and popular over the last 20 years. In 

fact it has often replaced the traditional chalkboard as the 

most commonly used visual aid in many schools, colleges and 

training establishments enabling the teacher/lecturer to 

present notes and diagrams and calculations in a similar 

fashion, but with the lecturer/teacher able to face the 

class all the time. 

Tutorials - In group tutorials the topic(s) to be 

investigated or problem(s) to be solved are chosen by the 

teacher/ lecturer, who also usually decides how to organise 

the session. However, what actually happens during the 

tutorial depends to a large extent on the performance and 

concerns of the individual students in the group. They are 

useful vehicles for providing practice in the application, 

analysis and evaluation of knowledge. Often, they take the 

factual content of a subject and treat it at Bloom's 'high 

cognitive' levels. Hence it can often be used for 

developing skills in areas such as problem solving and 
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critical appraisal. 

The work done by the students for tutorials is prepared 

in many cases in the form of an essay, a project, or answers 

to a series of problems. In such tutorial type situations a 

teacher/lecturer can use the students labours to focus upon 

areas of common and individual difficulty and discuss 

easy/project report writing or problem solving techniques 

in more general terms. 

A major drawback of such subject based tutorials is 

that there is often a tendency for the teacher/lecturer to 

become over dominant and in some cases, to use the tutorial 

as a 'mini-lecture'. Under such circumstances the 

opportunity to develop the students problems solving and 

critical appraisal skills may well be lost. 

Seminars - The seminar technique covers a wide range of 

general group discussion approaches to learning. The term 

can have widely different connotations for people working in 

different subject areas and at different levels of education 

and training. With further education and particularly in 

electrical/electronic engineering it is a little used 

method. It is more applicable also to student-centred 

methodology and will be elaborated on under this strategy. 
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4.4.2 Methods of Teaching for Student-Centred Approach 

The main teaching methods used in the great majority of 

student-centred courses are individualised methods of one 

form or another. Many of the materials associated with 

individualised learning are highly structured and interactive 

, although this is not necessarily the case. The materials 

may or may not have an audio-visual element, depending on the 

topic being covered and the specific design objectives. 

Typical methods are Textual Materials, Audio-Visual Self 

Instructional Materials, Computer Based Self Instructional 

Materials. Along with these methods are Talks, Seminars, 

Role-Play, Surveys, Simulation, Group Work/Practical Activity 

and Research. 

Tutorial support is a vital feature of all student­

centred learning systems, with the precise nature of this 

support being strongly dependent upon the situation and 

location of the individual learner. Some course may require 

practical work to be integrated into them. This is 

absolutely imperative in BTEC National and Higher National 

Certificate/Diploma courses in Electrical and Electronic 

Engineering course. This work has to be made as accessible 

as possible for the student, and may involve the development 

of individualised kits for use at home, or the provision of 

more organised facilities within the host institution or 

some other centre. 
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Expository methods such as lectures normally have 

little place in student-centred strategies. However, some 

student-centred courses do include a certain number of 

lectures, often on an optional basis, in order to provide 

an introductory review of a topic or for •enrichment' 

purposes. 

Textual Materials - Conventional text books can often 

be used, but by themselves are often not suitable for 

mastery of desired material to be achieved. Their relevance 

can often be improved with the use of a study guide. 

However, without participative student activities built in 

this will tend to lead to a passive form of study. 

The lack of suitable text books covering the necessary 

objectives of a course can be offset by carefully prepared 

structured notes with student interaction built into them. 

A programmed learning approach can improve the student 

interaction with textual learning materials. However, they 

are difficult and time consuming to produce. Also used over 

large areas of subject material they can become boring to 

the student. 

Audio Visual Self Instructional Materials - These help 

to increase the impact and effectiveness of self 

instructional materials. Included in these aids are audio 

and video tapes, film strips, loop films, slides and 

transparencies, models and practical kits as well as 

conventional printed material. 
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Audio Visual programmes can involve a high degree of 

student activity and are, in many cases, used to save 

tedious tutor repetition. Such programmes can be used to 

achieve a wide range of educational and training 

objectives. They may be used very effectively for helping 

to achieve mastery of factual (cognitive) material, in 

psychomotor skills training, and also in the attitudinal 

(affective) area. 

Broadcasting media as mentioned in Section 4.2.l·plus 

use of videotext systems such as Prestel and Oracle along 

with such as the Neris database provide sources of 

information for subject areas. In such systems the viewer 

can interact with the information shown on the T.V. screen 

via a small keyboard and the learning sequence can be made 

appropriate to his/her individual needs. The usefulness of 

such systems will increase as the specialised material for 

specific courses becomes available. 

Computer Based Self Instructional Materials - Computer 

Assisted Learning (CAL) can play a number of different roles 

in individualised learning schemes including front line 

teaching, assessment, managing resources and maintain 

administrative records. 
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Whatever the hardware used, the computer acts in the 

main in one of two basic roles in all CAL systems, namely a 

tutorial mode or in a laboratory mode or sometimes a 

combination of both. an a tutorial mode the student 

interacts directly with the computer, which is programmed to 

understand and react to student responses. This is 

basically a sophisticated style of the branching programmed 

learning, mentioned in Chapter 1. 

In the laboratory mode, the computer is essentially a 

learning resource rather than a teaching device. The 

computer can be used to simulate a laboratory situation to 

model experiments, to provide databases, to set problem 

solving exercises and so on. For example, a student can 

investigate mathematical models of physical systems such as 

control systems and see how specific factors vary under 

different conditions which he/she can control. The topic of 

CAL is discussed in depth in Chapters 5 and 6. 

Interactive Video - This is a relatively new form of 

media presentation utilising the use of video-recorders and 

compact disc players and computers in an integrated teaching 

resource. The marrying of these two aims to combine a 

flexible interactive and accessible teaching programme 

through the computer, with good visual and sound 

characteristics, through the video-recorder/compact disc 

player. A more detailed discussion of interactive video and 

its future development will be considered in Chapter 5. 
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Talks - In student centred learning this refers to 

talks given by students, especially when following a 

research assignment, or a survey conducted by the students, 

are a very useful way of involving all students. The 

audience can be active in assessing and evaluating the 

various aspects of the talk. It enables students to display 

competence in 'their' specialist area. 

Planning delivery and self-evaluating a talk are 

worthwhile skills in themselves. Lecturers/Teachers can 

also guide and support, which is especially important when 

the content is at all critical. 

In this methodology students are active, involved, make 

decisions, ask questions, evaluate, practice communication 

skills, and increase self confidence, also they are usually 

in a good position to have a large measure of control over 

content. However, care must be taken over supporting 

students prior to this type of exposure •.. 

Seminars - This tends to be an under used activity 

outside of higher education. The students inquire or 

research into a given area and report back, usually using 

extensive notes, report/or essay style writing to the group 

on their subject. They may be assisted by the 

lecturer/teacher and questioned by other students. Again, 

with this methodology self confidence is enhanced and the 

students all play a part. If.students can clearly explain 

something verbally then they probably understand it well. 
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Role-Play - Dramatic techniques are well known as 

motivators. At their best they can fully involve students 

more than any other activity. In role-plays only 

rudimentary, outline scripting occurs. The issue or 

situation being more important than professional acting 

expertise. 

Students gain such skills as other person's viewpoint, 

social skills, communication and the full involvement with 

the issues behind the activity. The lecturer/teachers 

primary role is to set the scene, and assess performance. 

Surveys - Students participating in the preparation 

for, execution and analysis of surveys are able to practise 

a wide range of skills. Amongst these are questionnaire 

design, data recordin~, judgement, numerical and summative 

skills, evaluation and self-critical reflection. Also 

students seldom abuse this type of methodology, taking it 

quite seriously. 

Simulation - Similar to role play, but tends to be 

mores specific and stylised. A typical example would be a 

mock interview of a prospective student for a college place. 

This involves students thinking about criteria for 

selection, strategies, likely questions, and other points 

about interviews. 

A special advantage is the extent of student 

involvement and the sheer breadth of discussion before 

during and after the activity. 
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Group Work/Practical Activity - Such work can enable 

students to learn quite clearly the nature of the 

interdependence of many human activities not least at work. 

Practical work can be introduced, as well as group work to 

many areas of curriculum. In fact it is an absolutely vital 

ingredient of all BTEC National and Higher National 

Certificate/Diploma courses in Electrical and Electronic 

Engineering. Such a methodology can be of benefit to 

students of all levels and abilities. 

Research - Along with techniques such as survey, 

information finding need not be confined to books or even 

journal articles. Students finding addresses and telephone 

numbers, arranging visits, making contracts, telephoning, 

and writing real business letters to organisations, are all 

areas which involve and extend students. 

With practice and encouragement even the least 

imaginative or least confident students will respond with 

enthusiasm when it is clear that staff encourage this. 

4.4.3 Student Assessment Methods 

The question arises with any form of learning and 

particularly with a student-centred approach incorporating 

CAL methods how do we assess the students performance and 

whether we in fact should? Before attempting to answer this 

question the various techniques of assessment should be 

outlined. 
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Student assessment methods .can have a variety of forms. 

The most common general approach is via some form of written 

response, i.e. 'pencil and paper' approach. This type of 

approach covers a whole range of 'traditional assessment 

methods such as essays, short notes, questions and problems. 

The main difficulty with such methods apart from problems is 

the validity and reliability in marking is in doubt. 

Another form of 'pencil and paper' approach involves 

the use of 'objective tests', although such tests seldom 

involve the student in writing very much; in most cases, a 

mark made beside one of a range of possible options, or a 

single word answer, is all that is required. The most 

common type of objective question is the multiple choice 

item, together with its range of variations. Other types of 

objective questions include completion items, unique answer 

questions, and structural communication tests. The term 

objective means that the questions can be marked totally 

reliably by anybody including a computer. Also they enable 

wide coverage of syllabus content. However, the major 

problem with such assessment methods is the difficulty of 

constructing the questions particularly for high level 

abilities. This tends to restrict such tests to the lower 

cognitive skills. 

Practical tests are often used to assess psychomotor 

and manipulative skill objectives. These.tests include such 

techniques as project assessment, laboratory examination and 

other skill tests designed to assess manipulative skills • 
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Situational assessment techniques are also in this 

category which involves students using non-cognitive skills 

such as decision making skills in a real, or more likely in 

a simulated environment. There are also a range of 

unobtrusive and observational techniques which can take 

place without the student necessarily being aware that they 

are in fact being assessed. Such tests can be important in 

assessing a student's commitment and attitudes to work, 

rather than simply his/her ability to perform tasks under 

the controlled conditions of more formal assessment. 

Percival and Ellington (1984) summarise assessment well 

with the following phrase "An appropriate variety of 

assessment techniques should be used to match specific 

objectives, thus producing a practicable assessment strategy 

that not only has a high degree of validity and reliability, 

but is also fair and useful to the students.' 

Clearly when we are attempting to assess student 

performance in a student centred learning environment the 

use of traditional style exams is patently unsuitable.· They 

fail to take into account the students attitudes and 

commitment to the tasks set. 

Situational assessment techniques and unobtrusive and 

observational techniques would appear to offer the best form 

of assessment when using student centred learning 

incorporating CAL, as they tend to give a better overall 

picture of student performance. 
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These techniques along with practical tests offer the 

best approach to assessing students in the specialist 

electronic and electrical subjects. This is because in 

industry the question asked is, 'can someone do the job', 

not whether they can memorise and then regurgitate. 

However, at present the Mathematics and Electrical 

Principal Core Subjects have to have a traditional final 

examination as part of their overall assessment, counting 

for 50% of the overall grade mainly due in order to satisfy 

University and Polytechnic entrance requirements. The 

specialist subjects are assessed 100% by assignment work 

within my own college. Such techniques as outlined have 

been used and found to be in practice more satisfactory than 

the traditional methods in building up an overall profile 

of the students ability. 

4.5 Comments 

In the previous sections of Chapter 4 an attempt has 

been made to illustrate that students do not necessarily 

learn the same way. The reality of the situation is that 

they can possess widely differing learning styles. 

Lecturers/teachers through the particular learning styles 

they used as students has in general led them to adopt 

particular teaching strategies either a teacher-centred or 

student-centred approach or even a mixture of both. 
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The importance of matching, learning and teaching 

styles outlined in order to emphasise that there must be a 

flexible approach both by students and teachers/lecturers. 

This hopefully will tend to lead to teaching/learning 

strategies being adopted in order to ensure the student 

achieves maximum benefit from the learning process. The 

inference for CAL is that courseware should be written which 

attempts to cater for a wide variety of learning styles. In 

effect CAL becomes a 'flexible tutor'. 

On examining the two main teaching strategies there are 

clearly advantages and disadvantages of both. The teacher 

centred approach has a major advantage in that it is very 

much the •traditional' approach to which most further 

education institutions are geared to, both from a teaching 

and administration viewpoint. As such it tends to make 

efficient use of resources available within the institution. 

However, it also has a major disadvantage. This type of 

strategy tends not to cater for the individual needs of the 

students. By virtue of the nature of the strategy there is 

a tendency to aim for the 'middle ground'. This means the 

less able and the brighter students often suffer in terms of 

the effectiveness of the learning process. It is however, 

possible to overcome such a difficulty by the use of CAL 

courseware which is written to cater for different student 

ability levels. This type of courseware would enable the 

student to select the level of difficulty of the material 

to be presented. Another important disadvantage is that the 
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effectiveness of this strategy depends totally on the 

quality of the teacher/lecturer. There is also a tendency 

under this strategy to encourage •spoon feeding' and 

allowing little scope for individual student development. 

The report on the 16-19 provision by Her Majesty's 

Inspectorate, HMI (1984) made a very pertinent point 

concerning teacher directed strategies, 

• •.• spoon feeding and over directive teaching are 

still too common and as a consequence able students may 

fail to reveal or discover their full potential, 

especially when taught in these ways in very small 

groups.' 

In the case of the student-centred teaching strategy 

there are a number of important advantages. Materials are 

more readily available and objectives clearly spelt out. 

The course units are specifically designed to be student­

centred with students selecting from a range of units to 

suit their own education needs. As outlined in Chapter 2 on 

curriculum, the BTEC National and Higher National Certificate 

courses in Electrical/Electronic Engineering the units are 

becoming geared towards such an approach. Albeit programmes 

are designed with local industrial needs in mind. 
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With this strategy teacher/lecturer help in counselling 

and guidance are generally more readily available and 

relevant than with the more traditional teacher centred 

strategy. More importantly the weaker students have the 

opportunity of receiving more attention. Close links 

between the teacher/lecturer and student ensure regular 

feedback on the students progress. This has implications for 

CAL. Obviously an i~portant criteria for utilising it as a 

teaching resource must be that the student receives feedback 

at regular intervals continually reinforcing the learning 

process, if it is to be effective. A major disadvantage of 

the student-centred learning strategy is that it is very 

much dependent for its success on the students being highly 

committed and motivated. Also the difficulties in producing 

adequate resource material and teachers/lecturers acquiring 

new instructional skills can be considered as important 

disadvantages. 

These disadvantages are also applicable to CAL in that 

production of quality courseware is time consuming. 

Teachers/lecturers often either through lack of interest or 

funding for suitable training are inadequately equipped to 

select, use and develop CAL type resources. It is most 

important also that CAL should possess high motivational 

qualities. 
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Vital to the successful implementation of a student­

centred teaching strategy is the administrative system 

geared to support it·. Clearly one could continue to argue 

the case for and against student-centred learning. However 

in considering its worthwhileness one might do well to 

reflect on the following quotes:-

Rogers (1965) states:-

'I know I cannot teach anyone anything, I can only 

provide an environment in which he/she can learn.' 

Postman and Weingartner (1969) state:-

'Good learners seem to know what is relevant to their 

survival and what is not. They are apt to resent being 

told that something is good for them to know.• 

Ausubel (1968) implies that:-

'The most important single factor influencing learning 

is ,.,what the learner already knows. Ascertain this and 

teach him/her accordingly.' 

Ilich (1971) says that:-

'In fact learning is the human activity which least 

needs manipulation by others. Most learning is not 

the result of instruction. It is rather the result 

of unhampered participation in a meaningful setting. 

Most people learn best by being 'with it', yet school 

makes them identify their personal cognitive growth 

with elaborate planning and manipulation.' 
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All of the above quotes would appear to strengthen the 

case for the use of student-centred learning particularly 

those of Rogers (1965) and Ilich (1971). They also have 

connotations for CAL in that it can be designed to create 

the environment in which effective learning can take place 

removing the tight constraints placed on students by the 

more traditional teaching methods. 

Bennett(l976) contrasted the two different teaching 

strategies in a very positive way as shown in Figure 4.6, 

Appendix 4. This acts to summarise the main ideals of the 

two strategies. 

An examination of the various teaching methodologies 

under the two strategies was carried out in order to 

highlight the significance of both traditional CAL and 

Interactive Video in the scheme of things. It can be seen 

that it offers great potential as a teaching resource within 

the student-centred learning strategy. Since this appears 

to be the direction that BTEC National and Higher National 

Certificate/Diploma programmes are going, then the need for 

good resources that compliment this strategy are of 

paramount importance. The climate is undoubtedly ripe for 

CAL as a major resource to flourish, particularly with the 

steady increase in popularity of open learning systems. 
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CHAPTER 5 

COMPUTER ASSISTED LEARNING (CAL) 

5.1 General 

The use of computers in education and training has been 

greatly influenced by the history of their introduction into 

universities, colleges and industry and by their use in 

applications other than education and training. 

First in North America and then in Europe and 

elsewhere, teachers/lecturers have realised that the power 

of the computer as a machine for storing, organising and 

processing information can be applied to teaching and 

learning. The computer may be used as a classroom resource, 

as a calculator, as a model of some real-life situation or 

as a means of producing animated visual aids. 

Alternatively it may be used in the background to help 

with the classroom management, keeping records of the 

student's performance and carrying out other supportive 

functions. 

In industry and commerce, the original reasons for 

installing, computers were to support the everyday processes 

of the organisations; to carry out the calculations for 

payroll and invoicing, to process stock control information, 

to model the financial behaviour of the company and its 

environment, to control production lines and processes, and 

recently for more sophisticated applications such as airline 

-161-



reservation and operating systems. As teachers/lecturers 

came to realise that computers could be used to support 

their teaching, so their colleagues in industrial training 

saw that the computers already in their organisations could 

be used to help in the training process. 

Whether in education or training, teachers and lecturers 

are faced with many and varied problems relating to their 

teaching and their students' learning as highlighted in the 

previous section on teaching and learning styles. 

Highly structured courses such as the BTEC in 

Electrical/Electronic Engineering to meet the particular 

needs of individual students pose problems of instruction; 

modular course structures with more sophisticated assessment 

methods pose problems of student management; student centred 

courses to meet the particular needs of individual students 

pose problems of resource management; necessary practical 

experience may be time consuming, expensive, or impossibly 

dangerous. Educational technology in its widest sense, 

provides teachers and lecturers with methods and tools 

which, properly applied can alleviate some to these problems. 

The computer used as a learning vehicle in the form of CAL 

is one of these tools. 
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5.2 CAL Definitions 

The development of computer assisted learning materials 

is prey to a variety of misconceptions, from the assumption 

that its all about teaching about computers to the idea that 

such development is, in essence a factory-line production of 

software. This is largely a result of a lack of clarity 

about What Computer Assisted Learning is, or can be. 

Any attempt to define Computer Assisted Learning (CAL) 

is fraught with interesting problems. A perusal of the 

literature if the seventies finds much confusion between 

Computer Aided Instruction (CA!) and C~mputer Assis~ed 

Learning (CAL). This is because the literature leaned 

heavily upon the America experience where the term, CAL.was 

the norm. Such dependence on the term CA! caused confusion. 

Early work in educational computing often followed the 

'programmed learning' path of the sixties - thus the 

instruction did not then, necessarily, relate to teaching 

and learning but rather to a highly defined tutorial path. 

In its classiq CA! ,form, the compute~ presents the student 

with a piece of text which is followed by one or more 

questions. These are usually of the multiple-choice type. 

Depending on the response, the student is routed to a second 

frame of text and questions, or to the same questions which 

are repeated, or to another series of related questions. 

This has been referred to as 'tutorial CAL', for the sequence 

of texts is selected according to the performance of the 

student. In •drill and practice' CAL the student is not 
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often offered the luxury of alternative questions. He/she 

is routed around the same loop until they respond correctly; 

they are then moved on to the next section. 

For this style of operation the use of the term CAL is 

quite appropriate, however, it is simply not synonymous 

with CAL. Maddison (1983) states there are clear differences 

between instruction and learning; CAL refers to using the 

computer as a learning resource to assist students in the 

totality of their tasks. Rushby (1979) and others e.g. 

Fothergi11 (1981) also refer to Computer Based Learning, and 

even Computer Based Education, but it is not apparent how 

either CAL or CBE can be distinguished from, or are subsets 

of CAL. It is more obvious how CAI, particularly as 

personified in drill and practice programs could be 

considered a subset of CAL. 

Computer Managed Learning (CML) is clearly a distinct 

and separate area, that of using the computer to manage the 

learning sequence. The computer can define the students 

task, identify appropriate teaching materials (that may or 

may not, be computer based), mark the work, record the 

results, issue reports and assess, in the light of this 

performance, the next appropriate task. Nash and Ball (1982) 

state that:-

'whole courses can be derived in this manner.• 
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Maddison (1983) refers to CML for:-

'administering the business of education in all 

aspects.' 

This would appear to be somewhat sweeping, but does 

emphasise the fact that CML delivers a system designed in the 

way that the teacher might ideally wish to manage the 

learning. Like CAL, it too is designed for use by an 

individual student. In order to provide a general overview 

of the definition of CAL a summarised version is shown in 

Figure 5.1., Appendix 5. 

5.3 The Computer as a Teaching/Learning Resource 

Barker (1979;1984) implies that:-

•as a teaching resource the computer can offer a number 

of interesting possibilities. ' 

For example it is able to provide: 

1. sound effects and analysis. 

2. static and dynamic imagery through computer 

graphics. 

3. text handling facilities. 

4. control of external devices and learning progress. 

5. a variety of data capture techniques. 

6. facilities for data archiva, retrieval and 

dissemination. 

7. a means of achieving highly individualised 

instruction. 
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a. a highly interactive learning environment, and 

9. facilities for pattern matching computation and 

decision making. 

Together these basic facilities provide a wealth of 

resources from which to construct instructional material. 

When using the computer as a teaching resource two basic 

modes of usage are involved; author mode and learner mode. 

These are depicted in Figure 5.2, Appendix 5. 

In author mode the computer is used as an aid to 

prepare the courseware that is to contain the instructional 

material and which embodies the authors required teaching 

strategies. Two basic approaches can be used for the 

acquisition of courseware. Either, a special package is 

'bought in' or the teacher/author produces it. In the 

former case, ready-made packages often have to be modified 

to meet local needs. Where it is applicable, this can 

provide a cost effective approach. However, in situations 

where the teacher/lecturer has to generate the courseware 

from scratch, some form of programming has to be undertaken­

this could mean higher costs. The production of courseware 

with this latter technique is achieved either by using a 

programming language such as BASIC or PASCAL or by means of 

a special author language such as PILOT, MICROTEXT, TOP 

CLASS etc. An author language is a special high level tool 

that is specifically designed to facilitate the preparation 

of instruction software. These techniques for courseware 

development will be examined in a later subsection. 
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Once the courseware has been developed, it is loaded 

into the computer where it then controls the student's 

interactive learning environment. This is now called the 

learner mode. In this mode, the computer presents 

instructional material (sound graphics text etc.) to the 

student and monitors the responses produced. These are then 

used to determine the subsequent direction that the course 

of instruction will take. During learner mode, all student 

responses can be archived and subsequently analysed by the 

computer. The results of the analysis can be passed back to 

the author/teacher thereby providing valuable feedback on 

student progress and courseware performance. 

As a teaching resource the computer has a valuable role 

to play in education and training. 

Watson (1987) refers to the computer as a learning 

resource as being:-

•an area which embraces the way the computer assists 

learning in a variety of ways according to the design 

of the software'. 

CAL therefore can be distinguished from use in research 

or administration of teaching about computers or from using 

the computers to manage learning, because the others are 

external uses of, or teaching about computers. CAL means 

learning with the assistance of the computer itself. 
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This is not to say that CAL does not sometimes embrace 

aspects of these other four. Hooper (1975) who provided 

a classification of five uses of the computer in education, 

namely in research, the teaching of computing, 

administration, management of learning, and as a learning 

resource, states that terms such as CAL and CML cannot have 

watertight definitions. Students in further education 

studying a subject such as Industry and Society as part of 

the BTEC National Certificate/Diploma courses in Electrical 

and Electronic Engineering may embark on research using 

computers when seeking out data from local archives, encoding 

and interrogating it as part of an assignment in such as local 

regional policy for industry. In other subject areas they 

may word-processing packages as part of their assignment work 

- though they will be using them for administrative reasons, 

they will also be using them as an aid in developing their 

communication skills in the written context. Computers may 

be used in the technical subjects of analogue and digital 

electronics and power control subjects in the BTEC National 

and Higher National Certificate programmes to control and 

manage experiments which form part of the technological 

subject lesson. 

Computer awareness for the students will be achieved 

most naturally if they are educated in establishments that 

do not necessarily run computer awareness courses, but which 

openly and clearly use computers wherever appropriate. The 

one which may have greatest impact, because it should reach 
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the students in a variety of forms through different 

disciplines is CAL. 

5.4 Scope of CAL 

Computer assisted learning and computer assisted 

instruction may be thought of as domains that encompass any 

activity in which a computer is used to augment (or 

initiate) a learning or training process. In this context 

there are two fundamental approaches to the use of computer 

systems. There are those applications in which:-

1. The computer itself is not only the medium of 

instruction, but is also the subject of 

instruction, information technology, 

microelectronics and general computer literacy 

are all high on the agenda in BTEC National and 

Higher National Certificate courses in Electrical 

and Electronic Engineering in most colleges. 

2. The computer just acts as one of the many media 

that are used in the teaching of some other 

discipline such as could be used in Mathematics, 

Engineering Applications of Computers, Electronics 

NII and NIII, Electrical Applications NII and NIII, 

Analogue and Digital H and a host of other subjects. 

Barker and Yeates (1985) infer that:-

'no matter what the subject that is taught, the 

objectives of CAL remain the same.' 
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It is intended to be used as a means of:-

1. augmenting conventional teaching/training methods. 

2. accelerating the learning process. 

3. experimenting in course development. 

4. providing remedial instruction. 

5. providing individualised instruction. 

6. providing enrichment material. 

7. achieving consistently higher teaching/lecturer 

standards. 

8. providing cost effective instruction. 

9. providing •on-demand' instruction. 

Coffey (1978) refers to the last of these as being :-

•particularly relevant to the.the implementation of Open 

Learning Systems (described in previous chapter) in 

which students can gain access to instructional 

material as and when they need it, no matter where 

they are geographically located.' 

The use of computer communications networks will be of 

significant importance in promoting this type of learning 

environment on a nation-wide scale. 

The scope of CAL includes a wide variety of instructional 

functions. These have to be realised in terms of a limited 

number of CAL modes. The CAL functions to be performed and a 

selection of the CAL modes available for their implementation 

are listed in Figure 5.3, Appendix 5. 
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Each of these functions and modes is applicable to all 

levels of education and training. The above modes need to 

be dealt with in some detail in later sections. 

The scope of CAL application areas is probably as 

diverse as the number of subject areas in which it has been 

employed. For this reason it will be beneficial to attempt 

to classify applications of CAL into four broad categories, 

namely schools, colleges, industry and the home. Since we 

are looking at CAL within the further education sector this 

area will be examined in more detail. 

?5.4.1 CAL in Further Education 

In principle the use of CAL in further education is 

controlled by similar objectives to those that govern its 

use in schools such as providing an effective teaching aid 

and learning vehicle, enabling all students/pupils to learn 

at a pace suitable to themselves. However, the complexity 

of the domain orientated material that is used is likely to 

be much greater. Because of this the type of hardware 

employed and the nature of the courseware that drives it, is 

likely to be much more sophisticated than its counterpart 

at school level. This is particular so with respect to the 

teaching of electrical and electronic engineering skills 

using CAL. There is a basic requirement in this area for 

very high quality software that is able to generate 

realistic and effective instructional dialogues. 

Undoubtedly, this objective will only be achieved by 
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building a high degree of 'intelligence' into the software 

used for teaching at this level. 

When planning for the CAL requirements of further 

education there are at least three important factors that 

need to be taken into consideration. First of all, it is 

important to bear in mind the educational maturity of 

students in colleges particularly those attending part-time 

day release and evening courses such as the BTEC National 

and Higher National Certificate. Students in these 

categories are able to study on their own and require far 

less personal attention from lecturers than do learners in a 

school environment. 

The second important factor relates to how courses meet 

student requirements. Students in further and higher 

education prefer to select combinations of courses which are 

able to meet the requirements posed by their intended career 

pathways. The BTEC type courses are all module based 

allowing a variety of modules to be combined to form a 

suitable course i.e. different modules and subject 

objectives can be put together to form a BTEC Ordinary 

National or Higher National Certificate in Electronics to 

suit the requirements of students employed in the local 

industries. Quite often, in conventional class-room 

orientated teaching environments time-tabling clashes can 

preclude certain important combinations of options, unless 

they are taught on an un time-tabled self-study basis. The 

third factor to be considered is the teaching of minority 
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interest subjects. Because of the availability of staff 

many useful courses in this category fail to run. This 

situation often arises either because (1), it is not cost 

effective or (2), a staff member who is capable of teaching 

it has to be time-tabled for other duties. 

Each of the types of problem outlined above can be 

solved in an effective way through the use of appropriately 

designed open learning systems. CAL can play an important 

role in this type of approach to education as indeed it can 

in helping to solve directly some of the problems 

highlighted above. 

5.4.2 Approaches to CAL 

In terms of providing a CAL facility three basic types 

of computational. resource can be employed: a mainframe 

system, a minicomputer system and/or a microcomputer system. 

These may be used to support courseware packages that are 

bought in as such and then modified to meet local 

requirements or produced in-house using either a programming 

language or an authoring system as shown in Figure 5.2, 

Appendix 5. The software and its accompanying hardware, 

must motivate the student in a positive way. That is, it 

should encourage the student to learn about and explore the 

universe of discourse with which it deals. 

One of the most useful rules to remember when using 

CAL is: monitor and modify. As Barker and Yeates (1985) 

suggest:-
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'always attempt to monitor the performance of 

courseware. Then if need be, modify it in the light of 

experience in order to optimise its performance. 

Performance can be measured in terms of student 

satisfaction and attainment. ' 

High ratings in these metrics are the hallmark of 

quality software. 

5.5 Models of CAL 

5.5.1 Classification of CAL Resources 

In attempting to relate theories of learning to CAL one 

must categorise the types of software available. Kemmis, 

Atkin and Wright (1977) and also Howe and DuBoulay (1979) 

proposed a framework for computer assisted learning. They 

described four paradigms for applying the computer to 

education and within these are encompassed the various 

classifications for CAL software. The model is shown below 

in Figure 5.4, Appendix 5. 

Instructional programs are available for many topics 

and for a wide age range. The demonstration type in which 

the user's only action may be to start, branch, or stop the 

program, can only be really justified in comparison with a 

good textbook if it does something which a textbook cannot 

such as demonstrating dynamic behaviour like the movement of 

an electron beam in an oscilloscope when subjected to an 

applied input voltage. Both drill and practice and the 
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programmed learning modes (tutorial type programs) are 

basically designed for individualised instruction. As they 

require constant user feedback for evaluation of learner 

progress, they will normally only be efficient with one 

micro per student. The aim of many educational games is 

simply to provide drill and practice by introducing 

motivational material and competition. They can frequently 

be used successfully with more than one student per 

microcomputer. Games can be associated with simulations and 

problem solving i.e. classified in revelatory paradigm. 

In the Revelatory paradigm case studies require 

considerable time and expertise to produce, usually 

requiring additional non-microcomputer educational material, 

and may have a limited market as reflected by their cost. 

Normally for use with students in the further education 

sector and the old school pupils, and can be structured for 

use with groups. A simulation is different from a case 

study in that it concentrates on certain elements relating 

to a real situation while ignoring others. This usually 

allows the whole of the information relating to the 

simulation to be contained within the computer program. 

Exploratory "programs" include those with an external · 

goal (problem-solving), and those in which the user is given 

a basic minimum of ground rules and allowed to create 

anything desired within those rules. The later may be a 

"programming language" such as LOGO, PASCAL, ASSEMBLER, OR 

c. the main characteristic of this group of programs is that 
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the users must devise their own procedures and may set their 

own objectives although guidance form teachers/lecturers in 

the form of worksheets may be desirable in the preliminary 

stages. If a language framework is used, the greater its 

flexibility and complexity the more the user must use 

problem-solving skills to achieve their goal. 

Emancipatory type programs involve using the computer 

as a labour saving device, a tool which relieves mental 

drudgery see examples in Figures 5.4 and 5,5, Appendix 5. 

In this type of CAL the learner uses the computer as and 

when he wants to as an unintelligent tedium relieving slave 

in aiding his or her learning process and takes over the 

"inauthentic" part of the learning task, (not an integral 

part of the main learning task (authentic task)), Some 

programs may contain elements of two or more of the above 

categories. 

Wellington (1985) effectively extended the framework 

developed by Kemmis and others by combining the educational 

paradigms with the control exercised by the computer and 

learner as shown in Figure 5.5, Appendix 5. Chandler (1984) 

had provided a set of extremely descriptive categories which 

he referred to as models. However, there is a similarity to 

the work of Wellington in that he refers to a locus of 

control which he refers to as moving between program and 

User. 
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Armstrong, Wiseman and Bajpai (1989) extend the idea of 

controlling influences which exist in a CAL situation in 

their model to promote flexibility in the development of 

effective CAL for mathematics. However, the model has 

significances for all areas of technology. In developing 

such a model of a real work situation the dynamics of the 

situation are suppressed, but not forgotten. The roles which 

exercise control in a CAL situation are the Learner, the 

Teacher, the Computer and the Environment. 

The proportions of Control are designated as L for 

learner control, T for teacher control, C for computer 

control and E for environment control. This may be 

represented mathematically as L + T + C + E = 1 

If the environment is assumed constant, which is 

feasible in many situations then L + T + C = K (1- E). 

This can then be represented graphically in Figure 5.6, 

Appendix 5. 

Maddison (1983) criticised the educational paradigms of 

Kemmis, arguing that it places too much emphasis on 

instructional methods and that its formation of the 

conjectural processes is weak. By incorporating these 

paradigms onto the model of Figure.5.6, Appendix 5 a 

graphical representation as in Figure 5.7, Appendix 5 is 

achieved. This reveals a further possible limitation to the 

Kemmis model which Armstrong et al remedied by the inclusion 

of the electronic blackboard to cover the situations where the 
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teacher/lecturer uses the computer as a 'demonstration aid', 

as opposed to the use of the computer for individualised 

learning. The model can be extended to illustrate the 

teaching strategies and learning types discussed in Chapter 

4 as shown in Figure 5.8, Appendix 5. 

Although this is not referring directly to CAL, Johnson 

and Johnson (1985) point out that:-

•co-operative learning groups roles should be rapidly 

and continuously changing and that the discussion 

between pupils/students working with computers in such 

groups is important.• 

This will demand a descriptive model far more dynamic 

than static classifications allow. The aim of this model 

being to outline the dynamic nature of CAL and to ask 

relevant questions concerning its use in the classrooms and 

this aim closely relates to the teaching/learning strategies 

depicted by Figure 5.8, Appendix 5. Since it must be stated 

that when computers are to be used in the mathematics or 

technology type subjects like electronics and microcomputing, 

the parties involved carry an important responsibility for 

apportioning appropriate control. 

A new non-real axis can be added to the model to extend 

its usefulness, and arguably is the most important since it 

refers to the learning which takes place as a result of CAL. 
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This axis can be described in terms of cognitive theory. The 

work of Ausubel (1978) described in Chapter 3 and his model 

of Figure 3.5 Appendix 3 suggest one possible form for the 

additional axis in considering a continuous variation in the 

learning process, from •rote' to •meaningful learning•. 

Other parallel cognitive learning theories to Ausubel's 

referring to a continuous variation in the learning process 

are, The Cockcroft Report, Mathematics Counts (DES 1982) 

which reflects these theories by distinguishing 'fluent 

performance• based on rote. Also Skemp (1971) refers to• 

relational understanding' (whereby a learner knows how to 

tackle particular cases and also knows how to relate the 

procedures involved to more general mathematical 

situations), as distinguished from instrumental 

understanding• (rote memorising of rules for particular 

classes without knowing why they work). 

Armstrong et al chose an axis describing a continuum 

from rote to understanding to illustrate how the model could 

be used to construct 'descriptive profiles' of different CAL 

modes as shown in Figure 5.9, Appendix 5. 

The profile is intended as a means to promote relevant 

questions not as a mathematical means of defining learning 

as a function of teacher, learner and computer control. 

However, as a relationship is suggested by the model 

'clouded' regions are shown to indicate probability rather 

than fact. A problem remains with the model of identifying 

the type of learning which has taken place. The profile of 
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Figure 5.9, Appendix 5 was constructed selectively, on 

limited evidence, since suitable research findings are at 

the moment, rather sparse or unsuitable. Scientific research 

due to the number of variables associated with the human 

learner would preclude the use of control groups etc. 

Alderson and Blakely (1986) imply that questionnaires and 

diaries have more relevance, but there is some doubt whether 

they reveal what is actually happening in the classroom. 

The directions of research in this area should lean towards 

observation and interpretative techniques as used by Hoyles 

and Sutherland (1987) in the LOGO Maths Project. Methods of 

date collection should be via conversations with software 

users i.e. teachers and students and by observing classroom 

practice, in order to interpret such as; 

how control was apportioned 

the mode of use 

the degree of understanding 

the motivational value 

Further changes in the non-real axis can evoke more 

pertinent questions relevant to CAL. Figure 5.10, Appendix 

5 illustrates a variation using a non real axis of motivation. 

This may be described in several ways. Day and Berlyne (1971) 

identified it as a variation of cognitive processing from 

'perceptual curiosity' in which sensory novelty stimulates 

perceptual attention (for example CAL software employing 

colour, animation etc.) through •epistemic curiosity', 

stimulated by incongruity, ambiguity or novelty; to 
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'epistemic exploration• (knowledge-seeking through 

observation, consultation and directed thinking or problem­

solving). Such profiles would raise many important 

questions for CAL design and use. Armstrong et al (1989) 

feel:-

'it supports their plea for flexibility suggesting that 

the affective levels of learners will not be raised by 

concentrating on a single CAL mode.• 

A final axis which is made reference to, relates to 

mathematical competence. However, the axis could just as 

easily be making reference to competence in the electronic 

and electrical subjects of courses such as BTEC National 

and Higher National Certificate. The actual model is shown 

in Figure 5.11, Appendix 5. Clearly the model prompts 

questions about the conjectural mode which Figure 5.9, 

Appendix 5 possibly does not suggest. Notably does the 

learner need facts and skills before building conceptual 

structures and developing appreciation and general 

strategies? What does it mean for content free CAL? 

Papert (1980) however, offers some possible answers to 

the above questions. In discussion of his •interventionist 

perspective• he claims that he differs from Piaget in that 

his goals ,are education, not just understanding• and 

emphasises 'intellectual structures which could develop as 

opposed to those that actually at present do develop in the 

child. 
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As a final point relative to the above model, Figure 

5.11, Appendix 5, suggests that the role of the electronic 

blackboard may be wider than is often realised. The 

suggestion is there also that software designed for 

flexibility and for use in several modes would have much to 

offer. 

5.5.2 Application of Learning Models to CAL 

In Chapter 3 various learning models regarded as being 

relevant to computer assisted learning development were 

discussed. These are now examined in some detail. 

5.5.2.1 The Computer Model 

This appears to form the basis from which a large 

number of cognitivists have built their theories, The 

important concept of executive control process being used in 

some of them. This process controls cognitive strategies 

relevant to learning and remembering in relation to such 

important activities as controlling attention, encoding of 

incoming information and retrieval of stored data. Mills 

(1985) implies that the rationale behind the development of 

educationally useful demonstration programs is based on the 

computer model of learning behaviour where the learner is 

assumed to be able to deal with oniy one input 'channel' at 

a time and only able to process information sequentially. 

-182-



5.5.2.2 The Skill Model 

This model provides useful guidance to devising 

programs for learning simple skills from discrimination 

between shapes and symbols to spelling and arithmetic. A 

microcomputer can provide a Skinnerian reinforcement in many 

ways ranging from a simple tick to colourful graphics or 

tunes. A typical example is an educational program on 

digital logic where part of the program involves recognising 

logic symbols and a suitable reply is given by the computer 

on screen in response to the input of the symbol name. 

Skinner's theory would predict that the learner's 

responsiveness to recognition of symbols would increase 

after working through this section of program. 

In the case of drill and practice programs a good 

example is the Ohms Law Program from the 'DC' software by 

Garland. The computer randomly generates problems on the 

calculation of current, voltage and resistance to provide 

drill and practice in solution of Ohms Law problems. 

Positive reinforcement is provided by 'Well done prompts' 

and a regular display of the students progress with 

complimentary comments for good progress. On the negative 

or punishment side each time a student gives an incorrect 

answer he/she is allowed to try again and if incorrect 

answer is displayed. The regular display of progress 

highlights students poor performance with appropriate 

remedial comments. 
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Skinners work in developing programmed learning 

sequences is directly applicable to the design of CAL 

tutorial modules as shown in Figure 5.12, Appendix 5. 

His views concerning the role of the teacher in the 

learning situation have been fully developed and moulded in 

a number of recent computer programs by researchers in 

artificial intelligence. 

5.5.2.3 Hierarchy Model 

This model is particularly applicable to programmed 

learning sequences .in which the learned material is composed 

mainly of discrimination, concept formation and principles. 

The main point being is that where the type of learning 

required in a frame is correctly identified, the test 

question to which the user responds should test that type of 

understanding. Some of the very early teaching programs 

failed to do this. The testing of the learner does not have 

to be in exactly the same mode as the material. For 

example, in ensuring that such active responses to tutorial 

programs are relevant to the learning material, it is quite 

legitimate to use a discrimination test for understanding 

concepts or rules. The basic principle in testing is always 

to try to obtain a response which clearly distinguishes 

between learners with a full understanding and those with 

only partial or no understanding. 
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Gagne's most significant contribution to CAL has been 

his application of cognitive learning theory to the task of 

designing CAL modules in the field of both drill and 

practice and tutorial based software. Figure 5.13, Appendix 

5, illustrates the procedure for a tutorial sequence. His 

concern with gaining a student's attention and developing 

expectancies represent a definite shift towards the 

motivational aspects of CAL courseware which must be of 

prime importance in any learning situation. 

5.5.2.4 Framework Model 

This model has implications for all levels of learning, 

but particularly for the age range up to 12. It implies 

that learning will be enhanced if a teaching program can 

start from a framework of knowledge with which the learner 

is already familiar. This can be enlarged by first 

reminding the learner of the existing knowledge then showing 

parallels between this and some new material and finally 

emphasising the differences between the new and the old. 

A major use of this has been the development of LOGO 

and its use as envisaged by Papert (1960), which owes much in 

its origin to the influence of Piaget an influence can also 

be found in other areas such as artificial intelligence 

Boden (1961). These influences tend to draw on Piaget's 

view of children as epistemologists rather than on his 

cognitive outline of stages. This led to Paper to put 

the emphasis on 'discovery learning' via the medium of the 
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microcomputer. Goldenberg (1982) has defined these as a:-

•well defined, but limiting environment where 

interesting things happen and in which important 

ideas are learned.' 

These are analogous to Papert's 'powerful ideas' which 

are essentially cognitive skills valued by society. He 

emphasises mathematical and physical concepts via the 

programming medium of LOGO and use of the 'LOGO TURTLE'. 

Other followers of LOGO, like Harvey emphasise problem 

solving and Lawler acquisition of reading skills. 

Although LOGO can be adapted for use in may ways, many 

of its proponents would maintain that 'pure' LOGO requires a 

commitment to exploratory learning and allows the user to 

impose their own structure on the environment. Indeed it 

can be argued that such an imposition of one's will upon the 

environment is a major component of normal cognitive growth. 

It. is one of the few computer-based learning tools which 

claims a theoretical basis, and for which major cognitive 

claims have been made. However, it must be stated that many 

of these claims have yet to be substantiated by sound 

objective data. 

Prolog is another vogue language for which similar 

arguments have been made. However, where it is claimed LOGO 

improves problem solving strategies, Prolog enhances logical 

thinking, and text based rather than in LOGO's case a 

graphical environment. Although Prolog's 'front end' has 
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been criticised children of 9 years old have rapidly gained 

facility with its syntax. Further to nullify the criticisms 

the 'SIMPLE' front end and the 'Man in the Street Interface' 

(MITSI) (currently being developed) by Briggs (1984) have 

been developed. Its introduction in the classroom has led 

to a relationship to 'world knowledge' via databases on 

material familiar to users e./g. football facts, friendship 

patterns, bus routes etc. More specifically Prolog programs 

on digital circuit analysis and fault finding on electronic 

circuits have been developed. 

Another example of this approach is a computer program 

written by Mills (1985) in which the learner is assumed to 

already be familiar with both the obtaining of areas of a 

rectangle and the use of an alphabetical symbol (say x) for 

representing a number. These are used to introduce the 

programmed learning of the multiplication of two sets of 

algerbraic expressions such as (5x-2y) by (x+7y). 

Schenk's work is still at a relatively stage but is has 

already affected the thinking behind the development of 

expert systems. 

Bandura•s social learning theory seems most appropriate 

for the type of learning occurring.in many CAL simulations. 

Such programmes appear to be favoured in the further 

education environment particularly in the areas of 

electronics where programs simulating robots, control 

systems, analogue type operational amplifier circuit 
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simulation and digital circuit simulation and microprocessor 

operation. All area which are incorporated in BTEC 

Electrical and Electronic Engineering programmes. 

The computer provides a real situation through which 

the student may learn vicariously through interaction with 

the model. Several observations seem appropriate to 

application of the above theory. The first relates to the 

importance of instructions to students to guide the 

learning. Secondly simulations should include as much 

interaction between students and the computer as possible. 

From a motivational point of view the computer should 

provide a mode that is as human like as possible. Finally 

the way in which lectures/teachers discuss the use, and 

importance of it and the physical surroundings in which it 

is used with affect, in either a positive or negative way, 

the outcome of the modelled learning. There has been a 

growing acceptance of a potential role for computer based 

simulations and Adventure games which can be classified in 

the exploratory style of program. A number of typical areas 

for such programs have been indicated above. They enable 

the user to adapt different strategies by experiencing 

strategies by experiencing a set of problems and seeing the 

consequences of these strategies. In doing this the learner 

is hypothesising and reflecting internal schemata, and 

allowing exploration of the implications of these schemata. 
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The most significant contribution of the social 

learning theory is that it draws attention to the importance 

of high level complex learning and provides guidance in 

understanding such learning so that it may be modelled on 

the computer, Advances in hardware, software, as well as in 

the field of Artificial Intelligence may permit the 

widespread application of social learning theory to CAL in 

the near future. 

5.5.2.5 The Feedback Model 

The areas of learning where this model may have 

practical value are more limited than the models discussed 

above. Sensori-motor learning involving negative feedback 

will be required in many arcade-type games but in very few 

educational games. 

In the cognitive area, an understanding of feedback 

processes may be acquired in both simulations and 

exploratory programs. One example of the latter is the use 

of the 'turtle' in LOGO by pupils attempting to draw objects 

such as circles by trial and error. More specifically to 

the BTEC programs within electrical and electronic 

engineering, use is made in the subject of Engineering 

Applications of Computers use is made of a pneumatic 

sequence and bead sorter units with associated software. 

These units allow the sequence and sorter pattern to be 

varied by the student altering the control parameters that 

are inputted to the computer. This is very much a case of 
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the student adjusting parameters until the required sequence 

or pattern is achieved. This could well be the future 

direction for CAL software where the physical devices are 

incorporated with the software package to create a more 

realistic environment for learning. 

5.5.2.6 Ausubel's Model 

This has been discussed in section 5.5.1 in relation to 

the profiles model of Armstrong et al. 

5.5.3 Comparison of Effectiveness of Learning Models with 

Profile Model 

It is obvious from the discussions above that in most 

cases it would appear that the learning theories have been 

associated with CAL resources rather than actually being 

used to design the original software. A substantial number 

of microcomputer programs·with educational aims are now 

appearing in substantial numbers of variable quality which 

can be evaluated with reasonable accuracy by experienced 

teachers/lecturers. Their educational value is much more 

difficult to assess for several reasons, difficulties in 

assessing what has really been learned. Adapting the most 

appropriate learning style for a particular age ability. 

Variations in the pre-knowledge of program users. 

variations in the educational environment in which a program 

may be used. Uncertainty about whether any learning taking 

place is more cost effective than other modes of learning. 
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The profile model discussed in section 5.5.1 with its 

variable third non-real axis a flexible tool to not only take 

into account software evaluation, but assessing its 

educational value. This should if used allow software 

designers to produce more flexible types of software and to 

'fine tune• developed software into a more usable form. 

The success of LOGO which can be said to have been 

developed from cognitive theories in terms of its 

application offers us a pointer to the future development 

and success of educational CAL resources. Whilst psychology 

is a far from exact science, the learning models available 

to us offer some insight into the planning of teaching and 

learning strategies including computer based systems (CAL). 

Enough evidence is available from the above discussion and 

the work of artificial intelligence systems to indicate that 

future research must encompass psychological learning 

theories as well as the general computing aspects in order 

to make the best use of the new technology. The way in 

which we use it and design the learning experiences may well 

have significant influences on the expression of 

intellectual skills. 
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5.6 Types of CAL 

For computer assisted learning to be effective it is 

necessary that the following four phases be present according 

to Alessi and Trollip (1985): 

1) Presenting Information. 

2) Guiding the student. 

3) Practising. 

4) Assessing student learning. 

Presenting Information - The first three phases are 

based upon research on classroom instruction see Roshine 

(1983); Roshine and Stevens in press: To teach something 

new the teacher/lecturer must first present information, 

using typical methods as outlined in Chapter 4. 

Not all models of teaching begin with the presentation 

of information however. Some models are based on the 

assumption that students should discover principles or 

develop skills through experimentation and practice as 

outlined by the student centred learning approach described 

in Chapter 4. Although such models have value for some 

students, Alessi et al regard one that begins with the 

presentation of information as more efficient and 

demonstrably more successful as outlined by Koran (1971); 

Merrill (1974); Lausmeier and Feldman (1975). 
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Guiding the student - The first phase, presenting 

information, is teacher-centred. That is, the teacher does 

something and the student observes. The second phase, 

guiding the student, is very interactive. Having observed 

the presentation, the student must now do something, with 

guidance from the lecturer/teacher. Again this means 

different things depending on the nature of the material. 

The student may answer questions about factual information, 

may apply rules and principles in problem-solving 

activities, or practice procedural skills. In each case, 

the teacher observes the student and corrects any errors. 

If the student distorts factual information, the 

teacher/lecturer should remind the student of the correct 

information, perhaps by repeating it. When the student 

performs a skill incorrectly, the lecturer/teacher may model 

the procedure or part of it again. 

In the classroom, guidance often takes. the form of the 

lecturer/teacher asking questions that students must answer. 

When a question is answered incorrectly, the 

lecturer/teacher may either tell the student the correct 

answer or may ask leading questions to help the student 

recall the correct information. 

When the student learns from a book, questions or 

suggested activities are sometimes included as guidance. 

However, unlike the classroom, if the student does not 

perform correctly, true guidance does not occur. The 

student may receive help only at some time later, when the 
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lecturer/teacher looks at what the student has done and 

provides feedback, 

Guidance is important in teaching because no student 

learns all that is taught on a single exposure. Students 

will make errors and frequently be unaware that they have 

made them It is necessary that the students be made aware 

of these and correct them. The interactive process of the 

student attempting to apply new knowledge, the 

teacher/lecturer correcting and guiding, and the student 

making further attempts is frequently omitted in teaching 

and yet is probably the most important component. 

Practice - The teaching process is not complete when 

the student can do something once. The student must usually 

be able to perform quickly or fluently, sometimes under 

conditions of distraction, with few or no errors. Further 

more, we usually want the student to learn information 

permanently rather then for a short duration. Practising a 

skill a single time or answering a single question will not 

guarantee retention. Repeated practice is required for a 

student to retain information and to become fluent with it. 

The third phase, practice, is student centred. Although 

the teacher observes the student and makes corrections when 

errors are observed, the emphasis is on the student 

practising and the teacher making only a short corrective 

statement. 
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Fluency and speed are related, but slightly different 

aspects of well learned information. To be fluent in a 

skill not only means doing it quickly, but also doing it 

without thinking about it. Mathematical skills and 

electrical/electronic skills such as wiring up circuits and 

soldering are almost worthless if not performed quickly and 

fluently. 

On the other hand some information does not require 

speed or fluency. It does not matter whether one can 

perform an electronics experiment/investigation quickly. 

It is more important that such things be done carefully and 

correctly. However, the student should remember how to do 

these things. Practice not only enhances speed and fluency 

but retention. 

Assessing Student Learning - The first three phases 

examined above are what most people would regard as 

teaching. However, we should not assume that teaching will 

be successful for all students. Rather, student learning 

should be assessed usually through the use of tests, which 

are an important part of the teaching/learning process. 

Tests provide information about the level of learning, the 

quality of teaching, and future learning needs. 

Teachers/lecturers and students alike place undue emphasis 

on tests as a means of assigning grades. They should be as 

a means of guiding learning, to determine what teaching is 

needed for which students, et al Chapter 4 matching teaching 

and learning styles. 
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5.6 CAL Program Types 

The model described above has primarily been related to 

classroom teaching, but as indicated in the introduction to 

chapter 5 can also be applied to computer assisted learning. 

However, this is not to say the computer must always fulfil 

all the phases of teaching. Computers are but one element 

of the learning environment, along with lecturers/teachers 

and other resources. Thus, the computer may serve any 

combination of the four phases. It may present initial 

information, after which the student receives guidance from 

a teacher and practises using set examples. The student may 

learn initial information from a lecture after which the 

computer is used to practise some parts of the material to 

fluency. The computer may be used for the first three 

phases, with testing being done in the traditional way by 

the teacher/lecturer. In all cases the four parts of 

teaching should be present, although they may be embodied in 

any combination of different resources. 

When the computer is responsible for total teaching, it 

is important that all four phases be included. it is not 

atypical for computer programs intended for practise (drills) 

to be expected to carry the load of total teaching. When 

this is done, students may fail to learn what is desired. 

There are five major types of CAL programmes as 

indicated by the Kemmis et al paradigm in Section 5.1. 
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1) Tutorials 

2) Drills 

3) Simu1ations 

4) Games 

5) Tests 

5.6.1 Tutorials 

Tutorial lessons are computer programs that teach by 

carrying out a dialogue with the student. They present 

information, ask the student questions, and make decisions 

based on the student's comprehension whether to move on to 

new information or to engage in review and remediation. 

Tutorial instruction is, in a sense, the most basic form of 

CAL. 

In general this type of program engages in the first 

two phases of teaching. They take the role of the 

teacher/lecturer by presenting information and guiding the 

learner in initial acquisition, not usually engaging in 

extended practice or assessment of learning. Some tutorials 

do not even guide the student through the information, but 

only present it. However, a good tutorial should include 

both presentation and guidance, while extended practice and 

assessment are the domain of other methodologies. 

Tutorials are used in most subject areas, typical 

examples of such programs are the "D.C." suite of programs 

including Ohms Law and Resistors in Series and Parallel. 
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These are suitable for First Certificate/Diploma courses in 

BTEC Electrical/Electronic Engineering are good examples of 

this type of program, They are appropriate for presenting 

factual information, for learning rules and principles, or 

for,learning problem-solving strategies see 

Gagne, Wager and Rajas (1981). 

Figure 5.14, Appendix 5 shows the structure and sequence 

of a tutorial. It begins with an introductory section that 

informs the student of the purpose and nature of the lesson. 

After that a cycle begins. Information is presented and 

elaborated. A question is asked that the student must 

answer. The program judges the response to assess student 

comprehension, and the student is given feedback to improve 

comprehension and future performance, At the end of each 

iteration, the program makes a sequencing decision to 

determine what information should be treated during the next 

iteration. 

The cycle continues until the lesson is terminated by 

either the student or the program. At that point, which we 

call the closing, there may be a summary and closing remarks. 

Not all tutorials engage in all these activities. 

However, for an effective tutorial all of the components 

indicted in Figure 5.14, Appendix 5 will be included. 

There are many instructional factors relevant to 

tutorial CAL and they can be grouped as follows:-
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1) Introduction 

2) Presentation of Information 

3) Questions and responses 

4) Judging responses 

5) Providing feedback about responses 

6) Remediation 

7) Sequencing lesson segments 

8) Closing 

Familiarity with these factors has two purposes. It 

provides a basis for reviewing and evaluating teaching 

programs offered by others, and it provides a basis for 

designing one's own lessons. The lesson designer should be 

aware of these factors and their influences and make 

deliberate decisions about them when planning lessons. 

The next type of CAL program is computerised drills. 

This ordering is intentional, since the first three teaching 

activities, present, guide, and practice, are well provided 

by having students use tutorials followed by drills on the 

same material. 

5.6.2 Drills 

Computerised drills, is a methodology used primarily 

for the third aspect of the teaching process, practising. 

Computer-based drills receive a lot of criticism. Some 

of this is deserved and some is not. Many educators claim 

that drills do not capitalise upon the power of the 

computer, and that they can as easily be accomplished 
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through workbooks/problem sheets or flashcards. While it is 

true that most existing drills do not capitalise on the 

computer's power, it is also the case that the computer can 

be used to produce drills of much greater effectiveness than 

workbooks/problem sheets, flashcards or teacher/lecturer 

drills. 

Another unjust criticism is that there are too many 

drills. The fact is there are not enough good drills as 

there are not tutorials, simulations, games or tests. The 

practice phase of teaching is very important, and drills in 

combination with tutorials and other methodologies are 

necessary for learning information in which fluency is 

required, such as basic maths skills and technology as with 

the •n.c.• style program mentioned in section 5.5.1 

Another important criticism is that drills do not teach, 

but merely practice with the assumption the student is 

already familiar with the information to some degree. This 

is true since drills are not intended to teach. Problems 

arise when teachers/lecturers assume a drill is capable of 

teaching new information and use it as if it should. Drills 

must be preceded by teaching methodologies that present the 

information and guide the student through initial learning. 

In computer assisted learning this might mean preceding 

the drill with an appropriate tutorial or simulation. It 

might also mean preceding the computer based drill with a 

classroom lesson or group discussion. 
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A valid criticism is that most computerised drills are 

of low quality. Most do not incorporate good teaching 

principles, and most do not collect useful information to 

show the teacher/lecturer how well the student is 

progressing. In addition, the response-judging procedures 

are frequently poorly programmed so that reasonable 

responses are sometimes judged to be incorrect. 

Many people believe drills are useful only in limited 

areas such as arithmetic and spelling. However, the 

function of drills is to provide practice, and they are 

applicable to all types of learning, assuming that initial 

presentation and guidance have already occurred. 

Drills may be applied to technological concepts and 

principles to both simple and complex problem solving in the 

areas of BTEC Electrical and Electronic Engineering, 

subjects particularly Electrical Principles and Mathematics. 

Figure 5.15 Appendix 5 illustrates the general 

procedures of a drill. 

Like a tutorial, there is an introductory section 

followed by a cycle that is repeated many times. Each time 

the cycle is repeated the following actions generally take 

place: 

1) An item is selected 

2) The item is displayed 

3) The student responds 
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4) The program judges the response 

5) The student receives feedback about the response 

After a number of items the program eventually 

terminates. This procedure differs from that for tutorials 

of Figure 5.14, Appendix 5 in one major way. There is no 

presentation of information in a drill. In Figure 5.15, 

Appendix 5 that step is replaced with an item selection step. 

Although most drills follow this basic format, there 

are variations. Some select items randomly; others select 

items in a specific order. Some terminate the drill after a 

hundred items, some after thirty minutes and some after 

student performance reaches some acceptable level of 

quality. 

As with tutorials, the differences may be classified in 

terms of the teaching factors relevant to drills. These may 

be grouped in the following form:-

Introduction of drill 

Item characteristics 

Item selection procedures 

Feedback 

Item grouping procedures 

Motivating the student 

Data Collection 

Drills have been criticised on a number of accounts. 

By the same token they possess advantages as well. 
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Drills of any sort with workbooks/problem sheets, flash 

cards, or a teacher, are not very interesting. Computer 

based drills can be made more interesting through 

competition, the use of graphics, informing the student of 

progress, and producing variety. Some of these may 

admittedly be used for drills in other resources as well. 

The use of interactive graphics can increase the 

effectiveness of drills in ways not possible with 

workbooks/problem sheets or flash cards. The use of 

graphics as a prompt, as a context, as a motivator, and as 

feedback can all serve to make computerised drills more 

effective than other types. 

The sophisticated queuing methods possible on a 

computer, which emphasise practice on items with which a 

student has difficulty, possess great potential for 

increasing drill efficiency and effectiveness. These 

methods are practically impossible to implement using flash 

cards or workbooks/problem sheets. The computers rapid 

computational power makes them possible. The computers 

unfailing memory makes possible the periodic review 

of 'retired items, presumably those that once caused the 

student difficulty. This too is difficult or impossible with 

non computerised drills. Drill Shell (1984) outlines a set 

of programs available from CONDUIT allowing CAL developers 

to produce drills incorporating these principles without 

programming the details of queuing and data storage. 
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The computerised drill programs avoid cheating. Drills 

of the computerised form also many provide special feedback 

for discrimination errors, which requires sophisticated 

response judging and list searching, and which is difficult 

or impossible for other media. 

Finally the computer is very good at storing data of .a 

number of types automatically and effortlessly. This 

permits better methods of item queuing, retirement and drill 

termination. It also permits permanent records for the 

student, the teacher/lecturer and the author about student 

performance and item quality. 

5.6.3. Simulations 

A simulation is a powerful technique that teaches about 

some aspect of the world by imitating or replicating it, 

Students are not only motivated by simulations but also 

learn by interaction with them in a manner similar to the 

way they would react in real situations. In almost every 

instance a simulation also simplifies reality by omitting or 

changing details. In this simplified world, the student 

solves problems, learns procedures, comes to understand the 

characteristics of phenomena and how to control them, or 

learns what actions to take in different situations. In 

each case, the purpose is to help the student build a useful 

mental model of part of the world, and to provide an 

opportunity to test it safely and efficiently. 

-204-



---------------------

Simulations differ from interactive tutorials, which 

help the student learn by providing information and using 

appropriate question-answer techniques. ~n a simulation the 

student learns by actually performing the activities to be 

learned in a context that is similar to the real world. 

Simulations in contrast, may be used for an of the four 

phaser.; that is, they may serve for initial presentation, 

for guiding the leaner, for practice, for assessing 

learning, or for any combination of these, Simulations that 

assess learning usually do not incorporate any of the other 

phases, but when the other phases are present they are 

usually in combination. 

Simulations can be divided into four main categories:-

1) Physical 

2) Procedural 

3) Situational 

4) Process 

Physical Simulation - In this type of computer based 

physical simulation, a physical object is displayed on the 

screen giving the student an opportunity to use it or learn 

about it. Typical examples are such programs as robot type 

simulations for investigation as par·t of microelectronics 

type courses in BTEC type National/Higher National 

Certificate courses in Electrical and Electronic 

Engineering. The program allows the student to alter 

parameters affecting degrees of freedom for the robot arm 
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movement. Also simulat'ion programs of a microcomputer 

system illustrating register and counter operation within 

the microprocessor element, to illustrate a way in which a 

program is manipulated by the microprocessor. 

Procedural Simulations - Although physical 

simulations are very common in lessons they play a secondary 

role to procedural simulations. The physical simulation 

exists only as a vehicle for the procedural content. Thus, 

the student learns about how the simulated machine works, 

not as an end in itself, but rather as a means for acquiring 

the skills and actions needed to operate it. A program that 

simulates the important movements of a robot for example, is 

more likely to teach the procedures of movement rather than 

how the robots work. 

The purpose of most procedural simulations is to teach 

a sequence of actions that constitute a procedure. Common 

examples is operating a hand held calculator which is useful 

for the Mathematics II of the BTEC National Certificate 

courses in Electrical/Electronic Engineering. 

Many physical simulations are also procedural 

simulations, for not only is the physical entity imitated, 

but also the students performance must imitate the actual 

procedures of operating or manipulating it. In fact, the 

primary focus of a simulation is usually procedural, and the 

simulation of the various physical objects is therefore, 

necessary to meet the procedural requirements. 
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An important subset of procedural simulations is a 

diagnosis simulation. Here, the student is presented with a 

problem to solve, and must follow a set of procedures to 

determine the solution. Typical of these simulations are ones 

involving diagnosing electronic faults. 

In this type of procedural simulations, whenever the 

student acts, the computer program reacts, providing 

information or feedback about the effects the action would 

have in the real world. Based on this new information, the 

student takes successive actions and each time obtains more 

information. A primary characteristic of procedural 

simulations is that there is usually a correct or preferred 

sequence of steps that the student should learn to perform. 

However, there may be many different ways of reaching the I 

same conclusions, not all of which are equally efficient. A 

procedural simulation provides the opportunity to explore 

these different paths and their associated effects. 

Situational Simulations - These deal with the 

attitudes and behaviours of people in different situations, 

rather than with skilled performance. Unlike procedural 

simulations, which teach set of rules, situational 

simulations usually allow the student to explore the effects 

of different approaches to a situation, or to play different 

roles in its. These type of simulations are aimed more at 

Business type software involving the student as an integral 

part of the simulation. The other roles may be performed by 

students who interact with the same program, or by the 
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computer playing the role of a person. 

Process Simulations - These are different from other 

simulations in several important ways. The student neither 

participates in the simulation as with situational 

simulations nor constantly manipulates it as in physical or 

procedural simulations. Rather, the student selects values of 

various parameters at the beginning of the simulation, and 

then watches the process occur without intervention. These 

types of simulations are quite popular economic forecasting 

type programs and business planning. 

The underlying flow of a simulation is shown in Figure 

5.16 Appendix 5. As with both previous methodologies, there 

is an introduction followed by a cycle, which is repeated 

producing the following sequence:-

1) A scenario is presented. 

2) The student is required to react. 

3) The student reacts. 

4) The system changes in response to this 

action. 

Depending on the nature of the simulation, the cycle 

may repeat very frequently, as in a robot simulation, or 

infrequently, as in a process simulation where the cycle may 

occur only once. 

As with tutorials and drills, the factors that affect 

·the nature of simulations and influence their effectiveness. 
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In general, simulations have three major parts, namely:-

1) The introduction 

2) The presentation and interactions 

3) Completion of the simulation 

Simulations typically have three major advantages 

over conventional tutorials, drills, and tests. The first 

is that they enhance motivation; the second is that they 

have better transfer of learning; and the third is that they 

are more efficient. 

Motivation - Simulations enhance motivation as one would 

expect, if a student is actively participating in a learning 

situation than by being relatively passive. It is more 

interesting to control a simulated robot for example, than 

it is to read about controlling it. The same applies with 

the controlling of a control system. Although the "learning 

by doing" philosophy has been advocated by such as Bruner 

(1973); Papert (1972) and (1980); the introduction of 

computers into the educational field.is likely to make its 

implementation more widespread. 

Transfer of Learning - This refers to whether skills or 

knowledge learned in one situation apply in other 

situations. Simulations have a good transfer of learning 

because what was learned in the simulation usually transfers 

well to the real situation. 
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Efficiency - The idea of transfer of learning can be 

taken a step further. Not only is it possible to measure 

how effectively knowledge, skills, or information transfer 

from one situation to another, but also how efficient the 

initial learning experience is with respect to the transfer. 

If we consider the hypothetical case of a control system 

such as motor speed control. To one class you give a series 

of interesting and informative lectures dealing with a 

particular laboratory exercise. To the other class you give 

a computer program that provides the same information and 

that has a simulation of the laboratory. On completing its 

respective form of instruction each class performs the 

exercise in the laboratory. Your observation of the two 

groups convinces you that there is no difference in 

performance, and that·both perform well. On the basis of, 

this information you would be forced to say that both 

instructional methods have the same transfer of learning. 

However, if the lectures took ten hours, and the average 

time to complete the simulation was only five hours, you 

would have to say that the simulation was more efficient. 

That is, more transfer occurred per unit of learning time 

with the simulation than with the lecturer. Roscoe (1971), 

(1972); Povemmire and Roscoe (1973) describes in greater 

detail the principle of transfer. 
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A way in which learning efficiency in simulations can 

be improved is by speeding up processes that normally 

consume considerable amounts of time. Also simulations can 

enhance learning efficiency by providing the student 

with an environment that is more conducive to learning than 

the real one, since there are many distractions in real 

world situations. 

A computer based simulation can do more than simulate 

the physical world. It can also simulate the 

lecturer/teacher. That is it can monitor performance just 

as a lecturer/teacher does, identify errors, and attempt to 

diagnose why they occurred. Prescriptive feedback can then 

be given to the student. The advantage of this is that a 

simulated teacher is always vigilant and is infinitely 

patient. Such simulation type software ensures the student 

can be given immediate feedback on performance. In addition 

because the feedback is provided only to the student, it can 

reduce personal embarrassment, which if present, would 

diminish the student's desire to learn. 

Simulations offer other advantages too, they are safe, 

convenient and controllable~ This is very true compared to 

their real life counterpart and also are far less costly. 

Not only are they imitations of reality, but also 

simplifications of it. Simplification as such teaching wise 

is advantageous. A person will learn faster generally if 

details are eliminated at the beginning of teaching. 
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In general some simulations can facilitate initial 

learning by simplifying the phenomenon. As the student 

becomes increasingly competent in dealing with the simple 

case, the simulation may then add detail to bring the 

student closer to reality. 

Simulations are powerful learning tools, in that they 

encourage active learning by demanding student participation 

and are efficient both logistically and from a teaching 

point of view. 

In terms of the four major phases of teaching they 

usually satisfy two of them: either initially presenting 

the material and guiding the student through it; or guiding 

the student through previously learned material and 

providing practice in it. Assessing learning is usually not 

combined with other phases. It is rare to find simulations 

that provide three or all four phases in the same lesson. 

Simulations may be used as tests i.e. correct diagnosis 

of faults on a specific electronic circuit simulation may 

indicate the students readiness to fault-find on the actual 

equipment. 

In summary simulation is an instructional methodology 

that uses the full power of the computer for teaching. 

Simulations improve on tutorials and drills through enhanced 

motivation, transfer of learning and efficiency. They have 

the advantages of convenience, safety and controllability 

over real experiences, are a good precursor to real 
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experiences that would not otherwise be possible. One 

additional advantage is that they can be used for any of the 

four phases of teaching. 

5.6.4 Games 

Games are a powerful instructional tool. They are very 

much like simulations. The purpose of them as with 

simulations is to provide an environment that facilitates 

learning or the acquisition of skills. They are 

characterised by providing the student with entertaining 

challenges. It is very difficult to define a game, but it 

would entail to a more or lesser degree the following:-

Goals - Every game, for instance, has a goal that is 

either stated or inferred. 

Rules - These define what actions are allowed within a 

game and what constraints are imposed. 

Competition - Games usually involve some form of 

competition. 

Challenge - They should provide some sort of 

challenge. 

Fantasy - Games rely on this at times for motivation. 

Safety - They can provide a safe way of acting out a 

more dangerous reality. 
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Entertainment - Teaching games use their entertainment 

appeal to enhance motivation and 

learning. 

There have been many attempts to classify games amongst 

these being Abt (1968), Ellington, Adinall and Percival 

(1982). For educational purposes they may be classified by 

an overall generic description such as adventure games, 

card, board, or logic games, role-playing games, and 

psychomotor games. 

The general structure and flow of games is outlined in 

Figure 5.17, Appendix 5. 

Games are a powerful teaching tool if used 

appropriately. Schild (1968) infers that:-

'teachers find that games have advantages over most 

traditional teaching because games tend to motivate 

students and focus their attention on the goal of the 

game'. 

Whilst Maidment and Bronstein (1973) postulate that:-

'games enhance the learning environment because the 

teacher plays a less dominant role and is not he only 

judge of performance.' 
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However, it is important to remember that teaching 

clothed in game format does not necessarily make the 

instruction effective. it is not the game format itself that 

appeals to people; it is the challenge or enjoyment of a 

particular game. If a game satisfied your teaching 

requirements it is likely to be successful and popular. 

The use of games type software in further education has 

resided mainly in the area of Business Studies. The main 

area for the use of such software in BTEC National and 

Higher National Certificate/Diploma courses in 

Electrical/Electronic Engineering is in the subject of 

Industry and Society covering such areas as trade union 

relations, consumer affairs and the functioning of industry 

from a financial aspect. Software for such areas in a games 

format could be extremely useful. 

5.6.5 Tests 

Assessment, the fourth phase of the teaching model is 

an essential aspect of all teaching. it is used for a 

variety of purposes: determining what a student knows and 

does not know: rank ordering students in terms of performance; 

deciding who should be employed: assigning grades; 

admitting to next year of the course. It can take the form 

of an informal quiz or a strictly monitored examination. 

Test results can range from being of little consequence to 

changing the course of a persons career. 
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Of the two major ways to incorporate computers in the 

testing process, the first is use the computer as an aid to 

construct the test. The second is to use the computer to 

administer the test. Computerised test construction enables 

teachers/lecturers to utilise the capabilities of the · 

computer to help generate and, often print and later score 

tests that students write on paper. Additionally with the 

proliferation of microcomputers and mainframe computers with 

networks of terminals, it is now feasible to administer the 

test directly to the student right at the computer or 

terminal. Both techniques offer advantages to the teacher. 

Both also have limitations. Wisely used, however, both can 

save a substantial amount of time without sacrificing 

quality, and they can frequently improve the quality of the 

testing process. 

In devising such programs the following factors shown 

in Figure 5.18, Appendix 5 should be considered. 

Tests are a crucial part of the teaching process. 

Because they can have such a strong influence on a student's 

future, tests need to be constructed with great care. The 

content has to be relevant to the teaching it follows, or 

must meet the goals of the test. The questions must cover 

all objectives thoroughly, and the integrity of the test 

should not be compromised because of the perceived time 

constraints. The administration of the test also has to be 

faultless minimising student anxiety and ensuring that 

1ogistical considerations do not interfere with the progress 
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of the test. 

However, it should be mentioned that in BTEC courses in 

Electrical and Electronic Engineering the emphasis is moving 

away from exam type testing towards assignments and 

Integrative Assignments which combine all areas of study i.e. 

testing what the student can do rather than remember. As 

such computer based testing would not really be satisfactory 

for such work. It will however, be extremely useful for the 

collation of grades and student records updating Le. in a 

more administrative role for 'tests•. 

5.7 Design and Evaluation of CAL Courseware 

5.7.1 Defining Courseware 

The term courseware is often used in a generic sense to 

describe materials that are specifically designed and 

produced for use within some form of teaching machine. 

Courseware can best be regarded as a combination of three 

essential commodities. It's essential constituents are:-

1) a set of teaching strategies. 

2) their associated domain dependent subject matter. 

3) the storage media to which each of 1) and 2) are 

committed. 
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Since the courseware considered is for teaching 

machines based on computers much of the teaching strategy 

and domain dependent subject matter will be embedded within 

some form of computer program. Most of the courseware will 

therefore, have characteristics similar to those of computer 

software. 

Courseware for computer based systems will consist 

predominantly of software or programs which is augmented by 

material resident on other types of storage media. The 

following sections will, therefore, deal with techniques for 

design and evaluation of educational software. However, a 

brief section on the historical developments which have 

formed the foundation of modern courseware development. 

5.7.2 Design of CAL Software 

In Chapter 3 and section 5.5 of chapter 5 various 

learning models were discussed in relation to computer 

assisted learning. However, their greatest failing is that 

they do not clearly outline a methodology for actual 

producing software merely explaining the psychological basis 

for the various types of software. It is important for CAL 

to relate the learning characteristics to produce effective 

programs; which both match to student learning styles and 

produce the necessary motivational impetus. However, there 

is a need for a model which is orientated directly towards 

computer delivery of instruction, so it includes not only 

designing a lesson on paper, but also getting it into a 
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computer and evaluating it. Alessi and Trollip (1985) 

proposed an eight step model to produce software in this 

way. It has similarities to the ISD computer model related 

to the work of Gagne in Chapter 3 and Chapter 5 section 

5.5., but offers greater flexibility. The eight steps of 

the model are as follows:-

1) Define your purpose. 

2) Collect resource materials. 

3) Generate ideas for the lesson. 

4) Organise your ideas for the lesson. 

5) Produce lesson displays on paper. 

6) Flowchart the lesson. 

7) Program the lesson. 

8) Evaluate the quality and effectiveness of the 

lesson. 

The characteristics of these steps are summarised in 

Figure 5.19, Appendix 5. 

The comments of the characteristics give guide lines 

for the production of software. However, the model is not 

rigid, the individual designer may change options to suit a 

particular case. The important point concerning this design 

model is that it provides the designer of courseware with a 

framework to work to i.e. a set of guidelines. The final 

step on evaluation is included in the section on this 

topic. 
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5.7.3 Evaluation of CAL Courseware 

One of the basic requirements of any evaluative study 

of courseware is obviously to assess its usefulness and 

quality. An item of courseware is useful if it performs a 

function which, for one reason or another, the 

teacher/lecturer is unable to perform • Courseware quality 

is a more difficult thing to define and is something which 

is quite often assessed subjectively usually on a three 

point scale: good, average or bad. Obviously such an 

evaluation classification is not very meaningful. 

A more sensible approach is the eight steps of the 

design model illustrated in Figure 5.19, Appendix 5 1 

outlining the main considerations. 

These considerations leave the approach quite open 

ended and allows for use of the Armstrong et al profiles 

model to be used along with interview techniques as outlined 

in section 5.1 as opposed to questionnaires which though, 

form a convenient means of collecting data on the courseware 

performance are open to misinterpretation. Also the 

questions tend to incorporate rigidity and often valid 

details will not come to light. This is the great advantage 

of the 'open' interview with the student, there being a 

greater freedom to comment in a constructive way. 

Figures 5.20 - 5.22, Appendix 5 show some typical 

evaluation questionnaires which could be used and do allow 

some semblance of flexibility. 
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5.8 Distribution and Availability of Courseware 

5.8.1 Distribution 

The term courseware distribution implies the various 

techniques used by authors and distributors in order to make 

CAL materials available to others. The means by which 

courseware is distributed can vary considerably ranging from 

the use of postal services (via flexible discs or tape 

cassettes) through computer based communication networks to 

the most recent type of tele-software facility. The type of 

mechanism that is employed will depend upon- the extent of 

involvement of the organisations concerned. Direct dispatch 

of courseware via tele-software facilities is in the main 

beyond the reach of-the majority of organisations. An 

indirect distribution as outlined by Brown (1980) in 

relation to the use of 'Prestel' or Brighton Polytechnic 

(1982) and their use of CEFAX or ORACLE, would normally be 

used. However, the technique outlined by Barker (1982) 

using distributed computer based communication networks is 

possibly the more realistic approach for the majority of 

distributors. Barker (1982) makes reference to the fact 

that access to such systems is becoming increasingly easy and 

cost effective. In many cases an ordinary telephone via a 

modem can be used to interconnect a microcomputer to some 

distant computer enabling courseware to be transmitted 

between the two. 
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The current trend, however, is for most CAL software to 

be distributed via flexible discs; transfer taking place 

either on an adhoc basis between individual authors or 

through more formal arrangements based upon the use of 

program exchange centres to be discussed later. 

One of the major motivating factors influencing the 

need to distribute courseware is its extremely high cost of 

production. Boyd (1972) suggested that:-

•one hour of instruction - whether it be Programmed 

Learning, television, Audio visual, language lab or CAL, 

seems to require between. one hundred and four hundred 

hours of professional time to produce and validate.• 

With the subsequent high costs that this type of 

involvement implies, it is imperative, therefore, that they 

are shared by as wide a user base as is conceivably possible. 

Distribution of courseware, at a reasonable cost, therefore, 

will ensure that as many users as possible bear its cost of 

production. This concept of shared development cost if of 

significant importance in the development of the more 

advanced types of courseware involving such as interactive 

video to ensure that cost effective courseware is produced. 

A major problem with the distribution of courseware is 

that there is often a problem of hardware incompatibility 

due to software produced on say a BBC being unable to be run 

on an IBM. To overcome these problems a very high degree of 

standardisation has been introduced. Some of the different 
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types of standards currently in use with the U.K·. and 

recommendations/guidelines for the selection of suitable CAL 

courseware equipment have been outlined by Council for 

Educational Technology (1982) in a series of USPEC'S (User 

Specifications). Adoption of these guidelines should help 

to minimise the transferability problems. Also the use of 

emulators to enable interchange of software between 

different machines and the growing trend towards the mass 

use of IBM compatible microcomputers will hopefully make 

incompatibility a thing of the past. Other problem areas 

which can affect the usefulness of courseware distribution 

schemes are, inadequate documentation, ineffective technical 

support and inefficient cataloguing. 

The Courseware Exchange Centres mentioned earlier owe 

as the primary motivation to their development the 

facilitation of mechanisms for courseware distribution. As 

a consequence of the importance of computer programs as a 

component of CAL courseware, ·organisations that archive and 

distribute these materials are also sometimes referred to as 

program exchange centres. Such centres can operate at 

different levels and have a variety of sources of funding. 

Typical levels at which these courseware exchange centres 

exist are:-
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Local 

Regional 

National 

through local authorities 

through universities and 

polytechnics 

through national 

projects/organisations 

International through international 

collaboration 

Many local education authorities have set up 

educational computing centres which have been delegated with 

the responsibility for acquiring courseware from various 

sources and distributing this to schools and colleges in 

their local area. A typical example of a local education 

authority scheme is within my own LEA where an educational 

development centre has been in existence for a number of 

years to promote information technology including CAL 

courseware developments. Universities and polytechnics 

often play a similar role on a regional basis, often 

fostering links on an international level as well as 

interfacing with local centres. 

Various national projects such as NDPCAL and MEP and 

organisations such as CET and the successor to these NCET 

(formed out of an amalgamation of CET and MESU the 

replacement for MEP in 1989) have attempted to promote 

courseware distribution on a national scale. However, in 

the main this has been in the areas of primary, secondary 

and special education (often through SERMERCS (Special 

education micro-electronics resource centres). 
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International collaboration can be fostered in a variety of 

different ways at each of the other levels of involvement. 

Due to the increase in the volume of educational 

software, Courseware Exchange Centres have tended to 

specialise according to educational level, subject area and 

implementation language. Two organisations which came to 

the fore in promoting the distributing software for 

different education levels were: 

MAPE (Microcomputers and Primary Education 1983) 

MUSE (Microcomputers Users in Secondary Education 

1983) 

Because of the many problems associated with 

cataloguing and indexing courseware and computer software 

resources in general a project was initiated in 1983 to 

study possible solutions. Templeton (1983) outlined details 

of this project called SOCCS (Study of Cataloguing Computer 

Software). Its successful conclusion cannot be over 

emphasised in terms of the amount of human development 

effort it ensures is not needlessly wasted. 

5.8.2 Availability 

Some of the major distribution methods for courseware 

have been outlined in section 5.8.1. However, most of these 

have not generated the software/courseware for further 

education and in particular Electrical/Electronic 

Engineering courses at BTEC levels. 

As a consequence the main sources of suitable software 
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As a consequence the main sources of suitable software 

has originated from the private software houses and the 

companies manufacturing technical equipment who have 

developed suitable CAL to be used with their equipment. 

This appears to be an area of great potential for the FE 

sector acquiring suitable software in the years to come. 

Another common source of software for the FE sector in 

Electrical and Electronic Engineering is via the major 

component distributors such as Farnell who are acting as 

distributors of software. 

A further major source of information has become 

available within my own college via the Materials and 

Resources Information system (MARIS) database which can be 

logged onto via a telephone link. 

Examples of the software available and the names of 

distributors, suitable for BTEC National and Higher National 

Certificate/Diploma Courses in Electrical/Electronic 

Engineering are shown in Appendices 5.1. 

5.9 Future Directions in CAL 

There are several areas in which CAL may develop over 

the next few years. These are outlined below. 

5.9.1 Authoring Systems 

A brief mention was made to authoring systems and their 

role in the development of courseware. It would be apt at 

this point to provide a clear definition of courseware. 
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Pogue (1980) has suggested that: 

'The broadest use of the phrase is to encompass the 

entire process of developing instructional materials 

for the computer, beginning with the educational 

process of identifying the learning needs of a target 
? 

population and ending with the computer process of 

programming the lesson as the author intended. Some 

people would also include the process of assessing the 

educational effectiveness of a lesson in achieving its 

intended learning outcome, but most consider this 

validation as separate from the authoring process•. 

Pogue also offers an alternative definition when he 

writes:-

'At the opposite end of the spectrum is the another use 

of the phrase to refer primarily to the computer 

process of translating lesson material into a computer 

program. This definition is most likely to be by the 

computer professional whose interests, understandably, 

lie with computer related aspects of the authoring 

process'. 

The early developments of authoring systems go back to 

the 1970's and the development of the TICCIT and Plato CAL 

systems briefly mentioned in Chapter 1. The TICCIT 

system was a minicomputer-based CAL system supporting a 

number of simultaneous learners. Up to 128 student stations 

could be attached to the central time-shared minicomputer 
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system. Courseware development was able to be carried out 

using a special editor called APT (Authoring Procedure for 

TICCIT) which had proven lesson strategies embedded in it. 

Authors wishing to program their own pedagogic strategies 

into their courseware a conventional author language called 

TAL (TICCIT Author Language). To meet the growing needs of 

microcomputer based CAL MicroTTICCIT was developed for use 

on microcomputer systems. It allows the use of either a 

'lesson generator' approach or a programming approach to 

courseware development. The actual authoring system called 

ADAPT is multi-level; offering a number of entry points 

depending upon both the ability of the author and the 

instructional design requirements of the lesson. 

The PLATO computer based learning system was designed 

for use on a central time sharing main frame computer system 

that supported a large number of purpose built multi-media 

teaching terminals. An authoring language known as TUTOR as 

used to develop over 10000 hours of courseware material. 

Since the development of TUTOR in 1967 other versions have 

been produced. Notably MicroTUTOR to be used with the 

MicroPLATO CAL system developed for use on microcomputer 

systems. One of the most outstanding features of the TUTOR 

language is the capability it offers for handling 

interactive graphical images. These are produced on high 

resolution touch-sensitive plasma screens that are fitted to 

the PLATO workstations. 
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Since the early developments involving PLATO and TICCIT 

numerous authoring languages have been developed, typical 

examples are illustrated in Table 5.1 , Appendix 5. 

A recent development in authoring systems is TOP CLASS 

2 which is essentially a computer aided tutorial/presentation 

system for use on IBM PC's or compatible hardware. Its 

forerunner TOP CLASS 1.5 is still available for IBM, Nimbus, 

Apricot and BBC micros. The Top Class toolkit contains nine 

programs. Together these tools generate and deliver 

interactive learning. The beauty of this system is that it 

is effectively a low cost product in comparison to such as 

Ticcit and Plato authoring systems. This makes it a more 

acceptable proposition to the majority of potential 

purchasers along with the fact that in further education the 

majority of computers are IBM compatables. 

There are a number of general requirements of a CAL 

courseware development tool these are:-

1) Facilities to allow both remote authoring and 

open/distance learning strategies 

2) techniques that will facilitate group 

learning situations where appropriate and the 

need to create models of the learner, of the topics 

being taught, and of the subject domain from which 

these topics are taken. 
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The environment in which a student learns is another 

important factor that must be taken into account when 

considering the use of a courseware development tool. A 

good deal of thought must also be given to the nature of the 

micro or the CAL workstation that is to be employed. Also 

the facilities provided within the student's interaction 

environment are of equal importance. Such facilities require 

to be controlled and be used in a pedagogically effective way. 

If an authoring tool is employed it is imperative to ensure 

that it will cater for the demands of this type of 

environment. 

There are a number of other highly pragmatic 

considerations which need to be made. If the author 

language is to be widely used other than through a 

distributed computer network it must be readily available, 

and portable across a wide range of computers with fairly 

low cost. 

Group learning type situations can cover a wide range 

of instructional possibilities e.g. teaching students in 

automatic control system operation of complex industrial 

plants. Figure 5.23, Appendix 5 illustrates some typical 

approaches to group learning using computers. 

In creating courseware to support these types of group 

learning activity is an extremely complex process. Very few 

if any, of the currently available courseware development 

tools are able to offer a great deal of help in this area. 
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Therefore, this is certainly a direction in which authoring 

language developments could proceed. 

With reference to the authoring languages mentioned, 

there are clearly a wide variety of courseware development 

tools which are currently being employed to produce 

instructional material. It is a trend which is likely to 

continue with individuals advocating a preferred approach to 

authoring and the system to implement it. 

Technology and particularly that associated with 

teaching and learning is progressing at a dramatic pace. 

New strategies, theories, and models of learning are 

continually evolving as are the new techniques for their 

implementation. These new ideas and concepts concerned with 

the role of the computer in education are gradually gaining 

credence. Author languages must therefore, attempt to 

· accommodate all of these divergent changes if they are to 

perform a useful courseware development in the future. 

Since there is likely to be a very wide range of tasks 

that a CAL author is likely to want to implement then the 

question arises of a more generalised authoring environment. 

A General Purpose Authoring Environment {GPAE) is needed 

capable of accommodating these requirements. Barker {1987) 

puts forward a list of some requirements for such an 

authoring environment. These are shown in Table 5.2, 

Appendix 5. 
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5.9.2 Intelligent Tutoring Systems 

Artificial Intelligence (AI) can be regarded as part 

of the overall field of computer science. It has often 

proved difficult to attach a clear definition to it due 

to the difficulties in defining exactly what human 

intelligence constitutes, never mind intelligence 

in a machine. For the purposes of our discussion Winston 

(1979) provides a quite uncomplicated definition:-

'It is the study of ideas that enable computers to do 

the things that make people seem intelligent.' 

Some of the earliest work in the introduction of AI 

into educational courseware was described by Carbonell 

(1970), Siklossy (1970) and Wexler (1970). Their 

investigations dealt mainly with generative computer 

assisted learning and computer-based tutors that had an 

•awareness' of what they are taught. Since these early 

studies man valuable contributions have been made to the 

development of what has now become known as Intelligent 

Computer Assisted Learning (ICAL). Among the most notable 

of these are reflected in the studies reported by Brown and 

Burton (1978), Clancy (1979), O'Shea (1979) and Gable and 

Page (1980). 
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Human instructors are intelligent teachers. it would 

seem reasonable therefore that CAL software should be 

designed and fabricated in such a way that it attempts to 

implement at least some of the intelligent behaviour that 

human teachers/lecturers exhibit. Of course, this will 

require that the software has the ability to deal with 

unanticipated situations is a similar way to the human 

teacher/lecturer. It is highly probable that the 

implementation of such software would need to be developed 

as a result of research in the area of artificial 

intelligence. 

Many designers of courseware believe that it is 

important that the software is able to build up a 

mathematical model of the student in terms of his/her 

ability, preferred learning modes and knowledge states. 

Comparison of the values of characteristic parameters of the 

model for given student instances with desired values, would 

allow appropriate teaching strategies to be automatically 

and dynamically created. These could then be used to 

automatically control the path that the learning process 

takes for each individual student. Software that fulfils 

these objectives exists on the larger types of computer 

system. However, whether the complexity of this software 

will permit its implementation on small computers remains a 

possibility for the future. 
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The major problem with artificial intelligence research 

has been, that once a particular project has been completed, 

researchers have one headlong into the new areas. This has 

opened up. The result has been that projects have not been 

implemented. However, we would do well for future research 

to heed the words of Duchastel Doublait and Iurbean (1988):-

'Intelligent computer assisted instruction (ICAI) 

constitutes an applied domain of artificial 

intelligence which shows much promise not only for 

extending the range of learning resources made available 

to students and trainees, but also refining and 

formalising our intuitive conceptions of teaching.' 

Clearly the benefits from an educational and in 

particular CAL viewpoint that are to be reaped in the 

future from AI in establishing a better understanding of 

the learning and teaching process. This in itself will be 

mean achievement. The results could mean the production of 

CAL in the future which more nearly suits the individual 

students needs. 

One of the more useful products to emerge from 

artificial intelligence research as outlined by Michie 

(1979) has been the concept of an 'expert system•. There 

are two broad roles that aim expert system might fulfil 

within a CAL environment; advisory and instructional. In 

its advisory role an expert system could be used to provide 

advice about particular courses of action relevant to any 
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given situation or sets of conditions that could arise 

during CAL orientated activities, As an example, it could 

advise an instructional designer on how best to set up a 

particular CAL configuration in order to meet specified 

teaching/training requirements. Similarly such a system 

could be used to analyse student behavioural data and offer 

advice to lecturer/teacher or student about appropriate 

counselling, tutoring or instructional strategies. 

In its instructional role an expert system is able to 

make explicit both its own knowledge and its mechanisms of 

inference in order to aid a student's learning activity. 

This can be achieved through the use of specially designed 

human-computer didactic dialogues. An alternative to this 

is via knowledge-driven courseware. This is teaching 

software that calls upon one or more knowledge bases in order 

to derive its instructional material and strategies. An 

approach of this type is often referred to as knowledge 

based CAL. 

The classic case of an expert system for use in 

electrical and electronic engineering courses such as BTEC 

National and Higher National Certificate/Diploma utilising 

knowledge representation is a program call SOPHIE see Brown 

et al (1975). This program is designed to teach students 

how to trace faults in electronic apparatus. It operates by 

presenting the student with a circuit schematic of the 

device. In this case a stabilised low voltage power supply 

into which has been introduced a fault of some specific 
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degree of difficulty. The student's task is to trace this 

fault, after requesting various circuit measurements and 

suggesting a solution. Then the program checks the solution 

in terms of his/her consistency with what should have been 

learned about the circuit in making these measurements. 

Sophie uses powerful inference making procedures 

applied to a simulator to evaluate the student's solution 

to the problem in the particular context determined by the 

set of measurements he/she has made. Despite being a very 

large program it has a fast response time comparatively of 

three seconds. One built in assumption is that the student 

will have some prior knowledge of the basic electronic 

principles underlying the design and operation of D.C. Power 

Supplies. The measurements he/she takes will therefore be 

based on their mental model of the power supply. If this is 

incorrect inevitably an incorrect solution will result. 

Sophie unfortunately is not sufficiently intelligent to 

explain why it is wrong. Hence though it appears an 

efficient program problems highlighted above cast doubt on 

it real educational value. 

An important point to bear in mind is that it 

highlights a potential area of use. As well as 

electrical/electronic fault diagnosis expert systems could 

be utilised in the design procedures for electrical 

electronic and computer circuit and systems. This is an 

area where if the present high prohibitive costs of expert 

systems can be overcome, along with their suitable 
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adaptation on IBM compatables and similar microcomputers 

the potential is enormous. These are certainly areas within 

the BTEC course in Electrical/Electronic Engineering that 

such expert systems could be used to good effect. In both 

individual subject areas and also project and assignment 

work, students could greatly benefit from the use of such 

systems. 

5.9.3 Interactive Video 

A brief mention to interactive video was made in 

Chapter 4, as one of the more recent computer based 

learning tools. There are already systems available for 

both Acorn and Research Machines microcomputers, probably 

the two most widely used range of micro's in primary.and 

secondary education. ACORN machines (BBC micros) are still 

prominent in further education establishments. 

There are important educational initiatives already 

under way concerning interactive video. Dillon (1988) 

highlights the Interactive Video in schools project (!VIS) 

which was essentially a research and development project. 

Its brief being to explore the educational use of 

interactive video in the widest sense incorporating the 

Domesday project see Walker (1988). In September 1987 the 

Interactive Video in Industry and Further Education (IVIFE) 

project was set up with a 1.9 million pounds grant from the 

Department of Trade and Industry to develop interactive 

video materials for use in industry and further education. 
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The five projects involve Fault Finding in Advanced 

Electronics, Printed Circuit Boards - A board in one, The 

training Needs of Trainers, Turning Tools and Effective 

Teamwork, 

Wright and Dillon (1988) maintain that:-

'The convergence of the two technologies, video and 

computing has enabled the development of a learning and 

teaching tool which is flexible enough to cope with the 

needs of both student and teacher.• 

This would appear to be a valid comment in the light of 

demonstration of IV seen by the author. Additionally in 

educational terms it strength is that it allows the learner 

to have control over the medium rather than vice-versa as is 

the case with much of the educational SOFTWARE available at 

present. 

Along with the above initiations and the work outlined 

by Wright (1988) concerning the Domesday project in the 

Mathematics classroom, clearly IV has some real potential 

as a future CAL resource. The major constraints on its 

future development and widespread use are the economic and 

political forces at work on the education system and 

acceptance by the teaching profession as whole. The 

introduction of IV has certainly enhanced the prospect of 

future multi-media CAL workstations outlined by Barker 

(1987), becoming a reality in the future. 
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5.9.4 Distance/Open Learning 

The main characteristics of these methodologies have been 

outlined in Chapter 4. However, this is an area where 

computer-based communication networks represent another very 

appealing method of implementing open/distance learning 

systems. 

With the rapid developments in both information 

technology and communications it is not unreasonable to 

assume that future approaches to CAL are likely to involve 

the integration of each of the two basic methods, 

microcomputers and communications. Barker and Yeates (1985) 

see this being achieved as follows:-

'through the use of highly distributed computer 

communication networks and global nets combined to 

reproduce an integrated highly distributed CAL system.' 

Figure 5.24, Appendix 5 illustrates the typical layout 

of the network mentioned above. This sort of system does not 

seem out of the question. It was announced in January, 1989 

by the Director of Education for Walsall Tuck (1989) that: 

'all Walsall schools participating in the TVEI scheme 

would be networked and links with industry established. 

It being the intention to keep Walsall schools at the 

forefront of Information Technology developments.• 
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Certainly if the money is provided and other LEA's take 

similar initiatives then it seems that in the near future that 

a number of Intelligent Computer Managed Distance Learning 

Networks put forward by such as Gray (1988) will be a 

realistic proposition. These offer the advantages of a 

multi-site, multi-media environment and above all multi­

national capability. Also legitimate user access only and a 

high degree of flexibility. 

There would exist learner tracking assessment and 

guidance as well as courseware assessment. A 'CALNET' 

project to demonstrate this project is underway. The 

possibilities for education are inviting, CAL has reached a 

watershed but because of the converging and new technologies 

it is possible to •swamp• the learning environment i.e. it 

should lead to a valuable learning experience taking us into 

the 21st century. 

5.9.5 Comments 

This chapter has attempted to identify the types and 

modes of CAL courseware. Examine their general 

characteristics, design and evaluation, methodology and the 

approach of relating models of learning to these CAL methods 

in order to develop effective learning programmes. 
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As a final consideration the future developments of CAL 

have been examined as a forerunner to the investigations 

into the state of present day CAL within BTEC National and 

Higher National Certificate/Diploma courses in Electrical 

and Electronic Engineering at various colleges of F.E. This 

area is examined in depth in the subsequent Chapter 6. 
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CHAPTER 6 

SURVEY OF CAL IN ELECTRICAL/ELECTRONIC ENGINEERING 

DEPARTMENTS OF FURTHER EDUCATION COLLEGES 

6.1 General 

In attempting to research CAL developments of 

electrical and electronic engineering it was decided to look 

at it from three main fronts. A survey of lecturer's views 

on different aspects relating to CAL in various colleges of 

F.E. and two case studies, 1) observing a class over a 

period of time operating in a CAL type environment 2) 

observation of a class using different courseware in two 

different lessons. 

As a result of this research it was hoped to relate 

the real effects of curriculum changes in recent years, in 

technician education with the subsequent developments in 

CAL. Another important facet was to be able to put the 

current position of CAL in Electrical and Electronic 

Engineering BTEC courses into its true perspective. 

6.2 Methodology 

Before outlining the methodologies used to conduct the 

above mentioned research it would be as well to define 

educational research. A definition which is both simple and 

adequately sums up what is attempted to be achieved in this 

work is that put forward by Powney et al (1987), which refers 
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to it as:-

'The systematic, empirical and critical inquiry into 

matters which directly or indirectly concern the 

learning and teaching of children and adults.• 

By empirical it referred to that of being observed 

reality, whether reality is an experimentally contrived or 

controlled one, or whether it is careful observation of some 

aspect off people's everyday experience. The inquiry is not 

intended to be random, but related in a systematic way to 

hypotheses or propositions being held and developed by the 

researcher, or it may be derived from the empirical data 

assembled, In both natural science and in normative methods 

in social sciences, observations confirm or reject 

previously stated hypotheses. Inductive reasoning used in 

interpretive approaches in the social sciences allows 

propositions or hypotheses to emerge from careful 

observations. Such hypotheses can then be considered in the 

light of further observation, or even a re-examination of 

the research data, 

The subsequent methods used in the research will now 

be considered in the following sub sections. 

-243-



6.2.1 Surveys 

Surveys typically accumulate data at a given instant 

in time. The intention of these is usually to a) describe 

the nature of existing conditions, or b) identifying 

standards against which existing conditions can be compared 

or c) determining the relationships that exist between 

specific events. Hence surveys can vary in their complexity 

levels, from those providing simple frequency counts to those 

presenting relational analysis. 

The techniques used to gather data in a survey would 

typically involve the following; structured or .semi­

structured interviews, self-completion or postal 

questionnaires, standardised tests of attainment or 

performance and attitude scales. 

The latter two techniques are for very specific cases 

or areas of educational research. Therefore for the 

purposes of the survey involved with the work outlined in 

previous chapters, consideration will be given to the 

interview and questionnaire type techniques as they offer 

the appropriate means of data gathering for the survey. 

The questionnaire technique has one major attribute in 

particular, that is it can be distributed to a large number 

of people easily via the postal system. However, it does 

have a number of major pitfalls. The first is one of the 

rigidity of the questions which are often open to 

misinterpretation. Secondly the response to this technique 
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is often very poor. Typically only about 40% of 

questionnaires are returned based on personal experience. 

The interview technique takes on several forms. A 

formal interview in one where set questions are asked and 

the answers recorded on a standardised schedule. In 

contrast to this is the less formal interview in which the 

interviewer is at liberty to modify the sequence and wording 

of the questions, explain them or add to them. The final 

form is the completely informal interview, where key issues 

are raised in a conversational style instead of having a set 

questionnaire. 

The concept of the interview technique is defined in 

very precise terms by Cannell and Kahn (1968) as follows:-

'a two-person conversation initiated by the 

interviewer for the specific purpose pf obtaining 

research relevant information, and and focused by him 

on content specified by research objectives of 

systematic description, prediction or explanation.• 

It allows for the most, or least, structured examples 

of interviews. The methodology of it is unusual in that 

data is gathered through direct verbal interaction between 

individuals. This is quite different from the questionnaire 

where the respondent is required in some way to record 

his/her responses to set questions. The overall merits of 

the two methodologies are summarised in Table 6.1, Appendix 6. 
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The direct interaction of the interview is in fact the 

source of both its advantages and disadvantages as a 

research tool. One advantage is that it allows for the 

greater data. On the other hand, a disadvantage is that it 

can be prone to subjectivity and bias on the part of the 

interviewer. 

In comparing the merits of the two techniques it was 

decided that advantages of using an interview technique 

compared to a questionnaire outweighed it disadvantages: 

This was particularly so in the sense that a completely open 

minded flexible approach was required to be adopted in order 

to illicit the fullest information from the participants. 

With these factors in mind an interview questionnaire 

was developed as shown in Table 6.2, Appendix 6 to be used in 

the less formal style interview mode described earlier. 

Hence the use of a 'general comments' questions to ensure 

the participants are able to give full range to their views 

on CAL. 

A problem which had to be overcome was how to record 

the data. Either to use a tape-recorder and transcribe the 

conversations or to use a •written approach, recording 

answers as they are given in a handwritten form. After a 

mock interview using a tape-recorder and transcribing the 

conversation it was clear that this would be an extremely 

long winded process in terms of the possible number of 

participants to process. Hence it was decided to record the 
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answers given to the questions in a written form. 

The Heads of twelve Electrical and Electronic 

Engineering Departments located in colleges of further 

education were contacted by phone as an initial approach for 

permission to conduct the survey. Permission was granted by 

all twelve and the covering letter sent out as a follow up 

to the telephone conversations, see Figure 6.1, Appendix 6. 

The results of this survey are covered in detail in section 

6.3. 

6.2.2 Case studies 

The basis of the case study technique is the 

observation of the characteristics of an individual unit 

such as, a child/student, a clique, a class, a school or a 

community. The main purpose of such observation being to 

probe deeply and analyse intensively the multitude of 

phenomena that make up the life cycle of the unit with a 

view to establishing generalisations about the wider 

population to which the unit belongs. 

There are two primary types of observation, the first 

known as participant observation and engages the 

observation, the first known as participant observation and 

engages the observer in the activities he sets out to 

observe. Non-participant observation involves the 

researcher standing aloof from the group activities he/she 

are investigating i.e. positioned at the rear of a class in 

the case of classroom observations. 
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Bailey (1978) identified the following as inherent 

advantages in the participant observation approach:-

1. Observation studies are superior to experiments 

and surveys when data is being collected on on­

verbal behaviour. 

2. In the observation study, the investigator is able 

to discern on-going behaviour as it occurs and is 

able to make appropriate notes about its salient 

features. 

3. Because case study observations take place over an 

extended period of time, the researcher can develop 

a more intimate and informal relationship with those 

he is observing, generally in more natural 

environments than those in which experiments and 

surveys are conducted. 

4. Case Study Observations are less reactive than other 

types of data - gathering methods. For example, in 

laboratory-based experiments and in surveys that 

depend upon verbal responses to structured questions 

bias can be introduced in the very data that the 

researcher is attempting to study. 

Whilst these are extremely valid and pertinent points, 

participant observation studies are not without criticism. 
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Typical critiques that have emerged are its, subjective, 

biased, impressionistic, idiosyncratic and lacking in the 

precise quantifiable measures that are the hallmark of 

survey research and experimentation. Clearly there are 

obvious limitations to observation methods, which offset the 

advantages. In order to challenge these critiques the 

participant observer may use a broad strategy of participant 

observation outlined by Denizen (1970) which he termed 

•analytical induction' to validate data collected. Further 

to this the overall possible advantages outlined by Adelman 

et al (1980) proffer a strong case for the use of case 

studies in education research see Figure 6.2, Appendix 6. 

The final two research studies considered in this work 

involve the use of CAL courseware by students in the 

classroom environment. This fact plus the completely open 

minded approach to be adopted to these make observational 

techniques an extremely attractive proposition for use with 

these studies. 

In the case of the first study purely participant 

observation is used with the lecturer being the observer. 

However, in the second one, both participant and non­

participant observation techniques are utilised. 
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A further technique for the evaluation of the 

courseware used in the case studies is the use of 

classification profile models discussed in Chapter s. The 

use of these varied techniques with the final two studies 

introduces the idea of a further methodology triangulation. 

Triangulation is defined by Cohen and Mannion (1980) as 

follows:-

•as the use of two or more methods of data collection 

in the study of some aspect of human behaviour.• 

As such it tends to offer the advantage of providing a 

more complete overview of human behaviour and of situations 

in which human beings interact. Also the more the methods 

contrast with each other, the greater the researcher will 

generally have in the data collected. A final advantage is 

that the use of triangulation techniques overcome the problem 

of what is termed •method boundness• i.e. it makes use of a 

number of methods rather than contrasting one method against 

another. 

The actual case studies and their outcomes are 

discussed in detail in section 6.3. 
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6.3 Research Studies 

6.3.1 Survey 

Of the original twelve colleges contacted eight 

eventually followed up the letter sent to them and arranged 

for staff to be interviewed. The eight colleges were from 

the West Midlands, Staffordshire and Leicestershire areas. 

In all 42 staff were interviewed on an individual basis 

using the questionnaire outlined in section 6.1. With the 

freedom to add any comments as they felt were necessary to 

their viewpoint in addition to the answers given to the 

directed questions. 

The breakdown of the number of lecturer's interviewed 

at each of the colleges is indicated below with the possible 

numbers in brackets. In order to keep the colleges 

anonymity, they have been designated by a number. 

College 1 16 (16) 

College 2 6 (6) 

College 3 5 (7) 

College 4 6 (20) 

College 5 1 (20) 

College 6 4 (5) 

College 7 2 (5) 

College 8 3 (20) 
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Because of the comparatively small numbers at each 

college it is difficult to carry out comparisons between 

them with any real justification. Therefore most of the 

results will be analysed on the total population of the 

survey. As and when it is felt that comparisons between 

colleges can be made, reference to them will be indicated. 

Question 1 - The data was used to indicate the percentage of 

staff involved in the respective BTEC ONC/D and HNC/D 

courses and the percentage of staff involved in the main 

subject areas of the national and higher national 

certificate courses. These results are produced as bar 

graphs shown in Figures 6.3 and 6.4 respectively: 
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FIGURE 6.3 - THE PERCENTAGE OF STAFF INVOLVED IN BTEC 

ORDINARY AND HIGHER NATIONAL CERTIFICATE/DIPLOMA COURSES 
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FIGURE 6.4 - THE PERCENTAGE OF STAFF INVOLVED IN INDIVIDUAL 

SUBJECT AREAS ON BTEC NATIONAL AND HIGHER NATIONAL 

CERTIFICATE/DIPLOMA COURSES 

NOTE! Power refers to all subjects under the guise of 

heavy electrical engineering i.e; Electrical Applications, 

Utilisation of Electrical Energy, Electrical Machines 

etc. Electronics refers to both analogue and digital 

subject areas. 

The results of graph shown in figure 6.3 are as one 

would expect with most of the staff interviewed being 

involved with BTEC National Certificate/Diploma level 

courses only as this is the highest level of BTEC course in 

electrical/electronic engineering at the college. This was 

the case for colleges 2, 3, 6 and 7. The remaining four 
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colleges undertook BTEC HNC/D level courses. The figure of 

45% staff coverage for such courses is based on the total 

survey population. If this is related to considering only 

the staff at the colleges taking these higher level courses 

the figure is 72%. This clearly shows that staff within the 

survey are given a good spread of work in terms of the level 

taught. 

The graph of figure 6.4 clearly shows that more of the 

staff involved in the survey teach in the subject areas of 

electronics and microcomputing. This is not surprising 

considering the rapid developments in microelectronics and 

information technology which has put such subjects to the 

forefront of technician education. Nonetheless a healthy 

percentage staff are involved in teaching the power 

subjects, which is still a vital area within the 

electrical/electronic engineering field. Similarly a good 

number of staff are involved with the core subjects of maths 

and principles which is to be expected as they are regarded 

as common subjects for all staff. The indication in the 

mathematics subject area is that the subject is now commonly 

being taught by electrical/electronic engineering staff 

rather than by Maths specialists. his indicates a move in 

the direction of integrating the idea of mathematics as tool 

a for the technical subjects area rather than being a 

separate entity. 
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A smaller percentage of staff are involved with 

teaching control both because of its specialism and the fact 

that a good deal of control is incorporated into the 

microprocessor syllabuses. Management studies and the study 

of 'industry and society' are 'minority' subject areas in 

the overall BTEC scheme for electrical and electronic 

engineering and as such there is less likelihood for a large 

number of staff to become involved in such subject areas, 

hence the small percentage figure for staff representation 

within this subject. 

The major purpose of this question was to obtain a 

picture of staff involvement in both levels of course and 

the different subject areas. It was hoped to illustrate the 

potential market areas for the development of CAL. The 

likelihood being that the greater the depth of staff 

coverage the more likelihood that CAL would have of being 

introduced. 

Question 2 - This question attempted to establish some idea 

of the teaching strategies being utilised by the staff at 

the eight colleges. Figures 6.5 represents the results of 

this data. The percentage figures quoted are for those 

staff utilising either traditional (teacher) centred 

strategies, student-centred or a mixture of both strategies. 
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FIGURE 6.5 - PERCENTAGE DISTRIBUTION OF STAFF USING A 

PARTICULAR TEACHING STRATEGY 

The graph illustrates that the figures for staff using 

student-centred and traditional teaching strategies is 

fairly even, with slightly more using a mixture of both 

strategies. The real significance of these results is that 

clearly the number of staff now using some form of student­

centred teaching strategy in the region of 67% i.e. two 

thirds. This would indicate that staff appear to be 

attempting to follow the BTEC curriculum philosophy of the 

recent schemes towards a more student-centred approach as 

detailed in Chapter 2 on curriculum. 
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Another interesting observation concerning these 

results is the fact that nearly forty per cent of the staff 

involved in the survey are using a mixture of methods. This 

can be attributed to a number of factors: 

1) They wish to provide variety to increase student 

motivation. 

2) They are attempting to match lecturer teaching 

strategy with the students learning strategy as 

outlined in Chapter 4, for different topic/subject 

areas, i.e. attempt to accommodate all students 

needs. 

3) They are using a mixture strategies in order for 

self motivation and fulfilment. 

The most important implication as far as CAL 

development is concerned is the fact that so many staff are 

using some form of student -centred learning. CAL was 

identified in Chapter 4 as one of the methodologies 

attributed to student-centred learning. Hence there is 

clearly a growing favourable environment for CAL development 

and application to take place. 

Question 3 - In this question the objective was to ascertain 

the type of computer used for teaching and the purpose of 

use. The graph in Figure 6.6. illustrates the main types of 

computers used by the staff:-
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FIGURE 6.6 - PERCENTAGE DISTRIBUTION OF USE OF 

TYPES OF MICROCOMPUTERS FOR TEACHING PURPOSES 

It is clear from the graphical analysis that just over 

a quarter of the survey population do not use any computer 

in their teaching. Of the remainder there appears to be 

three main computers IBM compatibles, BBC and the single 

board microcomputers, with the BBC appearing to be the most 

widely used. This is probably due to the fact that in the 

early days of the PC type computer the BBC was the one 

ado~ted for mainly wide educational use. Various equipment 

manufacturers latched on to this and produced equipment to 

be used on it. As a result it came to be widely used in 

further education in engineering type departments. However, 

since the inception of IBM compatibles as industry based 

standards and their decreasing costs electrical/electronic 
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engineering departments have gradually acquired more of 

these type of micros to keep pace with industry. In the 

early days of microcomputer/microelectronics studies the main 

form of micro used was the single board micro and this 

appears to still a popular choice, due probably to its low 

cost and natural use of machine code and assembler languages 

which have long been main programming languages for 

engineering type applications. 

In the case of the applications for which the 

computers have been utilised in the teaching environment 

Table 6.3 illustrates a breakdown of them with percentage 

figures for staff usage. 

APPLICATIONS %USAGE BY STAFF 

Not used in 33% 
Teaching 

Assembler/Machine 24% 
code programming 

Basic Programming 19% 

Pascal and C 5% 
Programming 

As a controller and 24% 
for interfacing 

Word Processing and 29% 
Desktop Publishing 

Computer Aided 
Design-Printed Circuit 31% 
Board or Circuit Design 

Computer Assisted 19% 
Learning • 

TABLE 6.3 - OUTLINE OF TEACHING APPLICATIONS FOR MICROCOMPUTER 

WITH PERCENTAGE STAFF USAGE 
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From this table of results it is clear that only 67% 

of staff made use of the computer for teaching purposes. 

The main uses being for computer aided design and word­

processing/desktop publishing. This is not really 

surprising considering the accent placed by BTEC on 

'learning by doing' (see Chapter 2 on curriculum), and via 

such vehicles of learning as the integrative assignment: 

which attempts to integrate all the various skills areas 

both practical and communication wise. Hence there is a 

ready made platform for the use of such applications. 

The above applications are closely followed in terms 

of usage by the teaching of assembler and machine code 

languages and the use of the microcomputer for interfacing 

and control purposes. These areas of application fall into 

the microelectronics systems subjects and as such one would 

expect them to be covered by the staff usage percentages 

quoted. Another factor to emerge was that BASIC still 

appears to be the most widely used high level language, 

nearly four times as much as Pascal and C. This is probably 

largely due to two main factors, most staff were introduced 

to high level language programming via the Basic programming 

medium and also it is readily available on BBC computers 

which constitute the largest proportion of those used. 

As far as the use of CAL type learning applications, 

this is restricted to one in five teaching staff involved in 

the survey. The likely reasons for this are discussed in 

conjunction with question 7 data. 

-260-



Question 4 - This question attempts to highlight the 

programming languages favoured for the use by the lecturing 

staff, Some staff favoured the use of more than one 

language and as with previous questions percentages are 

related to number of staff using or involved with a 

particular item. 

Figure 6:7. illustrates a bar graph of the resulting 

data. 
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It would appear from the data that Basic and Assembler 

are beyond doubt the two most favoured languages for use 

with the students. This is understandable when one refers 

to the previous comments regarding applications when both 

were discussed. 

From a CAL viewpoint, clearly if software/courseware 

was to be developed by staff involved within this survey 

then it would probably be using the BASIC programming 

language. No mention at any time was made to authoring 

systems by any of the survey population. 

Question 5 - It was the intention of this question to 

establish an idea of how the survey population viewed 

computer assisted learning. 

Something like 88% of the lecturers interviewed 

defined it, with slight variations in each case as a 

computer resource for assisting the learning process as part 

of a student-centred learning strategy. In the region of 

10% regarded it as being an extension of the programmed 

learning concept using a computer. The remaining 2% had 

difficulty in defining it. 

The important point to emerge from this in terms of 

CAL development is that a minority saw it as merely 

programmed learning in another guise and no-one regarded it 

as a replacement for the lecturer/teacher. These are two 

fears that have tended to perhaps hold back the development 

of CAL to any great degree with colleges of further 
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education. As the saying goes 'Old values die hard •. It 

is refreshing therefore, to see the very positive viewpoint 

regarding what CAL is. 

Question 6 - This question sets out to determine the actual 

use of CAL by the survey population in their teaching 

environment. The graph of Figure 6.8 illustrates the 

results. I U~:~'!{. 
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FIGURE 6.8 -USE OF COMPUTER ASSISTED 

LEARNING BY LECTURING STAFF 

The results show as was indicated in terms of the 

applications in Question 3 that approximately 1 in 5 staff 

make use of the CAL resource. Reasons for this will be 

related to the data of Question 7. 
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Question 7 - This attempted to highlight the reasons why CAL 

was not being used. All but five of the survey highlighted 

the main reason for not using CAL was the lack of hardware 

and facilities i.e. suitable rooms and the lack of suitable 

software. In other words the underlying problem has been 

identified as lack of resources. 

Of the lecturers who differed in their viewpoint to the 

above, two highlighted their main reason as being a lack of 

experience in applying such techniques. 

The other reasons highlighted by the remaining 

lecturers were as follows:-

'Not convinced it works.• 

'Never found a niche for it.' 

'Because it does not give real effect.' 

'It gets in the way, students concentrate more on 

running the computer than actual principles.' 

'Because it does not make use of computer. Could be 

put into a book.' 

'Not enough simulation packages.' 

All the above are valid reasons for not using it, 

reflecting the lecturers experience with CAL. What is 

important is that all viewpoints on CAL are aimed openly and 

made widely know to senior college management, courseware 

developers and distributors alike to ensure that adequate 

facilities, hardware and courseware products are provided 

that will encourage both an increased and wider use of CAL. 
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Question 8 - This question assess the level of interest in 

using CAL. With the exception of three of the survey 

population there was a very definite interest in using CAL 

if it is of the right quality. Of the three remaining 

lecturers only one was not interested in not using it and 

this was due to impending retirement. In the case of the 

other two, one was prepared to use if forced to, and the 

other if it was optimum thing to do. 

The results show that among the survey there is an 

overwhelming interest using CAL as a teaching resource. 

This clearly exudes hope for the future development and 

application of computer assisted learning. 

Question 9 - In this question the overriding object was to 

obtain a clear picture of the way CAL was being utilised in 

the classroom. The following examples resulted from the 

interviews. 

Use in conjunction with real control engineering 

applications to simulate plant control type operations in 

the subject of engineering applications of computers. 

Students used menu drive software working at their own 

pace with the lecturer providing assistance when necessary. 

Used as and when students needed to review work and 

preferably with a test facility incorporated. 
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Another case was students investigating software 

packages as a group and learning from experience. The 

lecturer was present to stimulate learning and thinking it 

was about reinforcement since the work had already been 

covered in a traditional sense. 

In other instances it was used purely for demonstration 

purpose and also as an 'hands on' approach with a simulation 

style package. 

CAL was used in some circumstances in its role as a 

student-centred resource to aid and support the normal 

teaching. 

It was also used to create a computer/student 

interaction for the purpose of teaching Pascal programming. 

A final example was in a full.lesson with the lecturer 

acting as a facilitator. 

These various examples illustrate some of the ways in 

which the CAL has been used. What is significant is that 

the way that a CAL packages use in interpreted can have a 

variety of connotations and is dependent on the flexibility 

and creativity of the lecturer. A further point in no way 

was it mentioned that it was a replacement teacher or used 

in that context. 
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Question 10 - This was intended to elicit from the survey 

population the types of software they had used. 

A wide variety of software had been used. In terms of 

software associated with that actual computer, compilers, 

and assemblers had been used on IBM machines. 

The more commercial type software such as word­

processing packages including Wordwise, and Wordstar 

Professional, data bases, desktop publishing i.e. 'Ventura' 

and spreadsheets. 

In terms of computer aided design packages such as 

Turbo-CAD (for IBM compatibles) and PAEN and Pineapple (for 

BBC micro) had been plus ORCAD for both digital and analogue 

circuit/system design, and SPICE for analogue circuit 

simulation. As far as printed circuit board design was 

concerned 'Vutrax' and 'Ranger' were typical of the system 

used. Also the use of a CAD/CAM system to produce a library 

of electrical/electronic components. 

A range of software from Farnell distributors mentioned 

in Chapter 5 including the tutorial/simulation style 

operational amplifier and digital circuits courseware. Also 

a package on D.C circuit principles in the tutorial/drill 

and practice mode. CNC type simulation software to simulate 

the operation of computer numerical control machines had 

been used in one case. A program call CODAS from Manchester 

University had been used (available for both IBM and BBC 

machines) for design and calculation tasks in control 
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systems such as for graphical work on locus. Nyquist 

diagram, root locus, transient and frequency response plots 

The final types of software used were for digital 

control/simulation purposes, an example the Bytronic range 

of equipment, sequencer, sorter, and d.c. motor control, 

where it is used both to control and simulate a plant style 

control environment. 

These results provide an overall picture of the type of 

software being used and highlight of CAL which will be 

discussed in Chapter 7. 

Question 11 - The idea of this question was to attempt to 

elicit information in order to build up a picture of what 

CAL developments need to be carried out in the future to 

meet the aspirations and requirements of lecturers in 

electrical and electronic engineering. A number of 

interesting pointers emerged from the interviews and are 

outlined in the following paragraphs. 

There was felt a need for greater number of purpose 

built rooms for CA!, providing accessible hardware 

provision. Software of an acceptable quality was needed to 

satisfy the precise BTEC course/subject needs on a wide 

scale. In tune with software needs mentioned were several 

other useful comments. Present CAL is too specific and 

therefore, easily out data. A more generic software should 

be available for ever and a day. 
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The concept of resource centres with a wide range of 

dedicated software packages. Tied in with this idea is the 

further development and applicabifity of interactive video 

systems. 

The idea of its use for promoting an open learning 

approach in assignments and projects was noted along with 

its development hand in hand with student-centred learning. 

In conjunction with this idea the use of self teach packages 

was mentioned, being widely made available and producing a 

facilitator role. The only worry with this was that it 

could be seen as a replacement for the lecturer in 

management eyes. 

The use of self assessment style packages of the 

computer managed learning (CML) style which monitor and 

assess the student were deemed a valuable future trend for 

CAL. Voice type program i.e. the development of the human 

computer interface was mentioned. A final general point 

that was made is that software/courseware should be produ~ed 

by people with the technical background who are conversant 

with what is going on in BTEC electrical and electronic 

engineering courses. 

Specific reference was made to the development of more 

simulation and control type packages with the accent on 

increased speed in such as logic circuits type simulations. 
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It was felt that there was also a need for more principals 

style packages to be developed and computer aided design 

with the accent on circuit simulation. There was one 

comment casting doubt whether CAL had any place in the 

further education college, more likely in a training 

environment. 

A large number of these comments reflect the lecturers 

response to Question 7 which indicated the under use of CAL 

due to lack of hardware/software availability and suitable 

facilities in which to house them. There also seems to be a 

definite trend in terms of the type of software to be 

developed. Simulations style software would appear to be in 

demand for use in future. These ideas will be developed 

further in Chapter 7. 

Question 12 - The main areas of interest in software usage 

have attempted to be identified by the data from this 

question. 

A large number of the survey population as identified in 

the data of Question 11 wished to use simulation type CAL 

packages in a number of areas, control, microprocessor 

hardware, analogue and digital circuit design and operation 

PCB design and word-processing software packages also 

appeared to be popular. 
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A number of other key areas identified where electrical 

principals in teaching some of the more difficult concepts 

of A.C. theory. Also the subjects of Building services 

incorporating electrical distribution and cable selection, 

plus the design of electrical installations. A further use 

on the power side of electrical engineering was packages for 

plant utilisation and the solution of energy calculations. 

Other areas of interest involved use of software to assist 

laboratory experiments i.e. plotting results, computer 

literacy, administration and for programming purposes. 

Somewhere in the region of 10% of the survey population 

were interested in using it in all subject areas including 

mathematics. 

Clearly from the above areas of interest of software 

usage there is a need for software to cover a wide range of 

fields particularly CAL with the emphasis on a simulation 

style. 

Question 13 - It was the intention with the data from the 

interviews to ascertain the survey populations feelings -

regarding the current quality of software in the various 

subject areas of BTEC electrical and electronic engineering 

courses. A bar graph was produced to illustrate the spread 

of viewpoint, and is illustrated in Figure 6.9. 
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FIGURE 6.9 - PERCENTAGE FIGURES FOR LECTURERS' COMMENTS 

ON THE QUALITY OF CURRENT EDUCATIONAL SOFTWARE 

From the interviews, 31% of the survey population were 

unable to comment on the quality of software, having not 

been involved with the use of it. As a consequence the bar 

graph of the data was based on the two thirds of the sample 

who were actually able to comment. From this data the 

following figures were produced 35% rated the software they 

had used or seen as poor, 41% thought it average, and 24% 

regarded it as being of good quality. It would be 

incorrect to make widely based deductions of this data with 

such a small population sample. However, certain facts 

emerge; approximately two thirds of the sample actually 

involved in using software had found it of at least an 

acceptable quality. Whilst this leaves a good deal of room 
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for improvement in the development of CAL courseware it at 

least indicated that courseware does exist which is usable 

and provides a basis for future improvements. 

Question 14 - The results of the data from this question 

attempt to provide an overview of the desirable features 

required in good quality software. Comments that were 

generated from the interviews have been rationalised into a 

twelve point plan, which if adhered to by courseware 

designers would provide lecturers and students with software 

of a good quality. 

1) User friendliness - i.e. 

2) Colourful concise displays with high quality 

graphics. 

3) Not too much flashing between screens with a 

minimum of text, neatly laid out on the screen 

for clarity. 

4) Good on-screen instructions and help facilities. 

5) Highlighting of items. 

6) Sensible logically structured progression through 

the program in terms of the learning process level 

and embodying technical correctness. 

7) Students able to be in major control of software in 

order to acquire knowledge with the minimum of help. 

-273-



8) High quality content coupled to the courseware 

being aimed at the correct level. It should be the 

job intended for it i.e. providing a direct 

correlation to BTEC syllabus's in electrical and 

electronic engineering. 

9) The courseware should have pre and post testing 

facilities in built, including tests to monitor 

students attainments as he/she progresses through 

the program. This is in order to provide feedback 

to the student and remedial work if necessary. 

10) The courseware should be cost effective and 

system compatible. 

11) Documentation should be readable, concise and 

and appropriate to student needs and level. 

12) Above all the courseware should be 

stimulating and provide strong motivation to 

the student. 

Clearly these comments bring out the main factors which 

should be considered in developing courseware and though 

they are not the viewpoints of every lecturer, but a mixture 

of views nonetheless they produce a coherent pattern of 

factors which are all valid in such an instance, and tie in 

with some of the ideas expressed in Chapter 5. 
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From the general comments which were added at the end 

of the respective interviews a number of interesting 

additional points arose. 

CAL should be developed by professional programmers and 

in conjunction with lectures/teachers to produce good 

software. 

The development of courseware is expensive resulting in 

a very low return potential, which does not make good 

business sense. This results in a slow development process 

for CAL production. 

Staff are not receiving the necessary training with 

computers and CAL. As a result neither are being exploited 

to their full potential. It requires a commitment on the 

part of college senior management towards staff development 

and increased expenditure on hardware/software equipment. 

New developments should be directed towards young staff 

irrespective of rank or position. 

CAL is a facility which could make things take off and 

could eliminate or cut down on a lot of unnecessary detailed 

note taking. This would help to improve the BTEC philosophy 

of making a student responsible for his/her own learning. 

A few comments generated a somewhat pessimistic view 

and are summarised as follows:-
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----------------------------------------------------------------------· 

Difficult abstract concepts, difficult to do on the 

computer which is pre-programmed, whereas a teacher gives 

variations. 

There are reservations about its use in the classroom, 

only really to be used as a backup. 

It is often used because it is their, not because it is 

the best educationally. 

The final point echoed was whether there will ever be 

enough money to be able to use CAL effectively in the 

classroom. 

It is the intention to discuss these comments in the 

conclusions in Chapter 7. 

6.3.2 CASE STUDY 1 

This study was carried out with a group of first year 

BTEC National Diploma in Electronics students. The class 

totalled sixteen in number and was of three hours duration. 

Two subject areas were to be covered Industry and Society (1 

unit) and Engineering Applications of Computers (1/2 unit). 

The syllabus's for these are shown in Appendices 6.1 and 

6.2., Appendix 6. 

In the main this case study covers observations made 

during the subject of Engineering Applications of Computers, 

and in particular the last ten weeks of the subject which 

accounts for 60% of the work, section E - Use of Computer 
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Systems in Engineering. Because of the availability in 

terms of numbers of equipment, then a matrix plan had to be 

used to ensure that all students had access to the equipment 

over the allotted ten weeks. The layout of this plan is 

shown in Table 6.3, Appendix 6. This plan incorporated the 

use of the following pieces of equipment: 

8 - BBC B+ microcomputers 

+ IBM compatibles 

1 - Pneumatic Sequencer Unit 

1 - Bead Sorter Unit. 

1 - D.C Motor Control Unit. 

1 - BBC Buggy. 

) 

1 - 'PAEN' Computer Aided Circuit Design 

Software Package. 

) plus 

) software 

) 

1 - 'WORDWISE' word-processing software package. 

'WORDSTAR PROFESSIONAL' software. 

1 - Robot Simulation software package. 

The layout of the room for this lesson is shown in 

Figure 6.10, and enables there to be two students per 

activity. 
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FIGURE 6.10 - ROOM LAYOUT FOR LESSON IN ENGINEERING 

APPLICATIONS OF COMPUTER'S SUBJECT. 

Before discussing the observations mention must be made 

of the equipment and its purpose. 

The'Paen' software package 'Circuit Designer' was used 

in conjunction with a BBC Model to reproduce a circuit 

diagram, save it to disc and print it out. This formed the 

basis of assignment No.2 of the unit covering the specific 

objective, uses a CAD.CAM system to carry out an operation 

appropriate to the students occupation. The assignment and 

an example of the print out are shown in Figure 6.11, 

Appendix 6. 
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The 'Bytronic' bead sorter and BBC B microcomputer plus 

associated software enable the student to satisfy the 

specific objective C - Uses a computer system to sort 

materials or components. This system allows the student to 

utilise all available menu options and experiment with time 

delays and entry of his/her own assignment 3 which is 

covered by this work is shown in Figure 6.12 in Appendix 6. 

The 'Bytronic' Pneumatic controller is again used with 

a BBC B microcomputer in order to satisfy objective, in 

section E - Uses a computer system to control a sequence of 

physical operations e.g. the sequential control of 

pneumatic/hydraulic valves and actuators or the use of a 

programmable controller. Again the student is able to 

different time delays and entering of their own parameters. 

Figure 6.13 in Appendix 6 illustrates the assignment No.4 

based on this equipment. 

The Bytronic 'D.C' Motor Control Unit and BBC B 

hardware plus the software package allow the student to 

investigate digital motor control. Provision is made in the 

Software to enable the students to obtain some concept of 

control. This equipment enables the students to satisfy the 

specific objective f - Uses a computer system to perform a 

simple process control task e.g. data logging or PID 

control. 
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Use is also made of the BBC 'Buggy' and microcomputer 

which allows the students to program a path for the buggy to 

follow. Again this illustrates the idea of digital control 

in relation to such industrial applications of the automatic 

control of pallet trucks as used at Rover "Longbridge". 

The robot simulation is a software package enabling 

the student to operate a simulated on screen robot via input 

at the keyboard of a BBC microcomputer, and also Wordstar 

professional for gain experience for preparation of report 

and for use with the final assignment No.5 illustrated in 

Figure 6.14, Appendix 6. This is an exam test on disc 

using the word-processing packages mentioned and covers 

question on section A-D of the syllabus. 

In the actual case study the author was the lecturer 

involved and therefore, very much a participant observer. 

The lessons on this unit were very much on the student­

centred strategy approach with the lecturer acting as a 

facilitator • 

Throughout the lessons the students were extremely 

well motivated by the courseware provided on the whole. It 

tended to generate excellent interaction between the 

individual students in the groups and between the different 

groups. Ideas appeared to be 'bounced' around to solve 

problems as they occurred. The lecturer was only consulted 

in cases of real difficulty and interactive discussions took 

place to lead the student towards a solution rather than 
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giving an answer. Another important factor noticed over the 

period of these lessons was that the computer tended to help 

the student concentrate on the job in hand rather than the 

mind wandering in a normal classroom lesson. 

The students, after discussion with them made the 

following points:-

They enjoyed the freedom to move around rather than 

being tied to a desk. In terms of the software they found 

on the whole, that it was extremely stimulating and the 

computer as a tool. Hence it falls into the emancipatory 

mode as outlined in Table 5, Chapter 5. The robot simulation 

on the other hand falls into the Revelatory category. With 

these categories in mind the students were asked their 

opinions on the software in·terms of how it had affected 

their motivation and whether they felt that they needed any 

basic skills before tackling the assignments mentioned. 

Also the observer's own observations into the motivation 

levels and level of skills/knowledge needed was taken into 

account. The purpose behind this was to evaluate the 

software with reference to the Armstrong et al 

classification profile models discussed in Chapter 5, 

Section 5.5. 
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In the case of the software in the emancipatory mode 

there was overall an extremely high level of motivation and 

students were able to build up the various conceptual 

structures, general strategies and appreciation with 

reasonable confidence based on their previous background 

knowledge. However, most felt that without some previous 

knowledge they would have reached the level of understanding 

that they had achieved by investigation and trial and error. 

The robot simulation package proved to be badly 

presented in terms of the graphics and was very limited. 

Students became very bored with it after about 20 minutes 

having investigated all its possibilities. From an 

understanding viewpoint and development of conceptual 

structures and general strategies it provided no problems. 

From these observations and comments the following 

profiles for the software were produced as shown in Figures 

6.15 - 6.20. These make use of the following third axes :-

1) Rote to Understanding. 

2) Motivation as a continuum based on the research 

findings of Day and Berlyne (1971). 

3) An axis based on technical. competence in the use of 

the CAL and hardware. 

What should be appreciated both with case studies 1 and 

2 is that they are very much based on subjective observation. 
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The classifications produced are not quantitative, but 

qualitative, attempting to represent an eva.luation of the 

software from a pictorial viewpoint, to generate discussion 

and ideas for software development, rather than presenting it 

in terms of actual figures which can often mislead. 
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FIGURE 6.16 - EMANCIPATORY SOFTWARE LEVEL OF MOTIVATION 
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FIGURE 6.17 -EMANCIPATORY SOFTWARE LEVEL OF TECHNICAL 

COMPETENCE 

T 

FIGURE 6.18 - REVELATORY SOFTHARE LEVEL OF UNDERSTANDING 
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The above mentioned profiles were established in the 

following manner. In the case of both the emancipatory and 

revelatory modes types of software examined the levels of 

understanding achieved was.determined by the participant 

observer (lecturer in this case) questioning the students 

about the system as they progressed through their 

investigation of it and noting their replies. Also from 

questions asked by the students and the way they responded 

to the lecturer prompting them to establish the answer for 

themselves. Their technical competence was established by 

observing the way students approached the investigation of a 

particular systems setting up operation and application, 

and how they tackled and overcome the various problems as 

they arose. In terms of their motivational level to the 

systems and software, this was ascertained by observing the 

students expressions and general enthusiasm for using it. 

Students views about how they liked the software were taken 

into account as well. 

These diagrams clearly illustrate the major factors we 

need to consider when evaluating software. 

1) how control was apportioned. 

2) the mode of use. 

3) the degree of understanding. 

4) the motivational value. 

5) level of technical competence achieved. 
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The bubble effect illustrates regions of probability. 

In the case of technical competence the different shaded 

areas illustrate the case may be, that facts and skills are 

needed to develop the conceptual structures and general 

strategies and appreciation. On the other hand we may not, 

or they have been acquired prior to using the software. 

These profiles in effect paint a picture of the quality of 

the software and allow for easy comparison between software 

of different modes, particularly if in the same topic area. 

The profiles emphasise the major problem with the robot 

simulation; its lack of motivation and a greater pre­

ponderance towards computer control rather than learner 

control compared to emancipatory type CAL. 

Reference should also be ·made to the Industry and 

Society module mentioned earlier, although no actual CAL was 

used in teaching it. Again, however, a very much student­

centred approach was adopted to the subject matter. 

Students working in small groups of four researched each 

Principal Objective of the syllabus and presented a talk to 

the whole class plus a piece of written work which formed 

the assessment. 

In the principal objective on the Information 

Technology developments, use was made of a Video' Welcome to 

My World' portraying the possible information technology 

type society in the year 2000. based on decisions taken in 

connection with the development of I.T in the 1980's and 
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90's. Students were asked to put their own views on the way 

the Information Technology revolution is evolving and 

contrast them with those on the Video. 

It became quite clear from teaching this subject that 

there were two major possible applications areas for the use 

of CAL within it. The first is the use of GAMES type 

software in connection with the principal objectives on 

Trade Unions and the Commercial and Business aspects and 

policies, to create an illustrative atmosphere, making these 

topic areas more meaningful. In the case of the second 

application this would be the use of Interactive Video to 

allow students to develop their talks, with both text and 

pictures making for much more vibrant and meaningful talks. 

6.3.3 Case Study 2 

This study was based on a part-time day 1st year 

National Certificate class. It involved two consecutive 

one -three quarter hour lessons covering the subject of 

Electronics N III (3 units). The first one incorporated 

the Analogue Electronics element of this subject and the 

second the Digital)Electronics element. A copy of the 

syllabus covering these elements is shown in Appendices 3 

and 4, Appendix 6. 
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In the Analogue Electronics class the lecturer was also 

the participant observer. A software package on Operational 

Amplifiers Megacycl Software was used. This was a 

simulation/tutorial style package. Since the simulation 

elements were in the main used throughout this lesson it was 

classified as being in the Revelatory category. 

The BBC model B computer was used to run the software 

on. There were only seven students in the class and the 

room layout was as shown in Figure 6.21. 
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Figure 6 . 21 - ROOM LAYOUT FOR CASE .STUDY 2 

It should be made clear that the students were well 

used to student - centred learning approaches, and had 

started to investigate operational amplifier circuits 

practically and therefore, had some background knowledge. 
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The intention of using the software was to extend the 

students knowledge of the circuit parameters by 

investigating the effects of altering their values. 

As with case study 1, the software concentrated the 

students attention. It lead the class to discuss amongst 

themselves the various effects exhibited by changing 

parameter values. 

The lecturer was brought into discussions in his role 

as a facilitator when students needed clarification of 

concepts or to discuss quality of software. They referred 

to documentation whenever necessary rather than.the 

lecturer. 

All the students worked diligently through the package 

extracting the information from each section they needed and 

then moving through to the next menu option. At the end of 

the lesson the group.expressed their comments on the 

software/courseware which are summarised as follows :-

1) Very user friendly with good graphics. 

2) Software was very applicable to the present work 

being carried out on operational amplifiers. It 

acted like a library of information concerning 

parameters with simulated on screen examples of 

operational amplifier configurations that enable 

parameters to be changed and effects observed. 
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3) A very useful visual aid having an excellent format. 

4) There could have been greater on screen textual 

explanations. 

5) There should have been set tasks to guide the 

student. 

6) Documentation was considered to be of a very high 

quality. 

7) Overall with one exception the software was 

considered a very useful usable visual aid which the 

students would be very happy to use in future tasks 

on op - amps. 

This viewpoint was echoed by the lecturer who regarded 

it as a much more informative and interesting source of 

information than a library investigation. A further 

combined lecturer/student view as its applicability to the 

subject level and content. 

In the case of the lesson on the Digital Electronics 

the room layout was exactly the same. The main difference 

being that there was a non - participant observer separate 

to the lecturer. Although since it was the same the same 

as for the analogue electronics lesson, the students related 

at times to him. Hence the observer could deemed in fact to 

be a participant observer. 
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------------------------------------- ~~-

The software package used was Digital Circuits by 

Garland Software, which via a menu driven program enabled 

the student to identify logic symbols, study design of 

combinational logic circuits such as flip - flops, counters, 

registers etc. 

The lesson followed the same general pattern as for the 

analogue lesson with very good inter-student and student­

lecturer interactions taking place. Unfortunately the 

overall quality of the software was not as good as it might 

have been with resulting loss of motivation as the lesson 

progressed. This generated the following student group and 

lecturer comments:-

1) Due to its somewhat poor editing facility in the 

circuit design menu option and poor help facilities 

generally it was deemed not very user friendly. 

2) There appeared a number of bugs in the system, as 

an example when answering or responding to question 

prompts, even with correct response the question 

was repeated as if a wrong answer had been given. 

3) The documentation though well presented in terms of 

its explanation of actual digital circuits left 

something to be desired in informing the user 

concerning the actual program use. 
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4) It was felt that the content of the package related 

well to the syllabus content and would ac~ as a 

good revision tool as well, providing the bugs and 

editing facilities were eliminated and improved 

respectively. The flip-flop menu option was 

considered exceptionally good and a valuable aid 

for information prior to practical implementation 

circuits. 

5) The general comment made was that as the software 

stood it was unsatisfactory for general use due to 

problems outlined above and would tend to put 

people off using CAL packages. 

An evaluation of both the analogue and digital software 

packages using classification profiles is shown in Figures 

6.22-6.27. 
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FIGURE 6.22 - ANALOGUE SOFTWARE LEVEL OF UNDERSTP~DING 
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Similar techniques to those used in Case Study 1 were 

used to develop the profiles along with the detailed 

comments from students and lecturers outlined in the 

preceding paragraph. 

The profiles clearly highlight the greater motivational 

qualities of the op-amp package and illustrate the way in 

which one can easily distinguish the quality of a package 

using such profiles. 
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6.3.4 SUMMARY 

The above research investigations have attempted to 

paint a picture of the present state of development of CAL 

within the context of the curriculum changes that have taken 

place in recent years. Also the intention has been to 

obtain ideas of the way future developments can build on the 

present trends, needs and aspirations of further education 

lecturers to make CAL a valuable and useful tool for 

classroom use. Some of the viewpoints and observations 

collected in this research are discussed in detail in the 

final conclusions to this work in Chapter 7. 
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CHAPTER 7 

CONCLUSIONS 

From the use of the curriculum models to analyse the 

changes that have resulted in technician courses in 

Electrical and Electronic Engineering there appears to be an 

emphasis on the student being responsible for his/her own 

learning. This appears to tie in with the philosophies of 

TVEI and CPVE schemes currently in operation (see Chapter 2) 

and the future progressions in the National Curriculum. 

Clearly there is a swing away from the more traditional 

approaches towards a Student Centred Learning approach. 

This is evident from the survey results. With the Teaching 

and Learning Styles discussed it was apparent that there is 

a need for flexibility in the use of resources and the 

application of a particular teaching/learning style in order 

to optimise the maximum benefit from the learning process 

for the student. CAL looms as large as life as natural 

teaching resource within the student centred framework, 

which appears to becoming the main delivery strategy for 

teaching. 

The ramifications for CAL development are clear. It 

must offer the same flexibility as the above curriculum 

changes are requiring of. the teacher/lecturer. In order to 

do this it must take into account the various teaching 

strategies and attempt to match the varying learning 

strategies of the student. 
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This approach presents a tall order to the courseware 

developer. The salvation may lie in the application of 

learning models discussed in Chapters 3 and 5 to help us 

understand the effect a particular type/mode of CAL has in 

· the learning environment and in particular the use of the 

classification profile described in Chapter 5 for evaluating 

the effectiveness of CAL and posing questions to the 

developer which lead to more flexible courseware packages. 

Its use has been highlighted in the evaluation of the 

software used in the case studies discussed in Chapter 6. 

The motivational and knowledge acquisition properties are 

clearly shown. Questions are posed such as do we need 

certain basic skills before acquiring the higher cognitive 

levels of learning. By the selection of suitable axes the 

designer of courseware can establish areas of weakness in 

the software package, above all how much control the learner 

will have compared to the computer and the teacher/lecturer 

including variations in the environment. This approach to 

evaluation should help in the 'fine tuning' of the software 

package and may lead to more •content free' software being 

of a generic nature as was highlighted in the survey. 

Undoubtedly this will mean a greater life span for the 

package and offer flexibility. 
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What of the medium through which the program is 

developed, the programming language. From the survey it was 

clear that of the high level programming languages used for 

such a purpose, BASIC was by far the most widely used and 

hence, if staff were to write the programs, as a matter of 

necessity they would be in this language. However it is a 

language heavily criticised by professional programmers and 

computer educationalists alike for its limiting qualities. 

None more so than Self (1984) who describes it as follows 

'Patently unsuitable for writing computer assisted 

learning programs•. 

This would appear harsh since it has been shown in 

Chapter 5 the availability of a number of software packages, 

written mainly in Basic. From the survey the results showed 

that the majority of lecturing staff felt that the software 

used was at least adequate. However there is a need for 

greater amounts of software related directly to the BTEC 

programmes. A major stumbling block to this in the past has 

been the relatively high cost of developing software. The 

use of the fast emerging authoring languages which appear 

easier to use than the typical high level languages should 

provide a vehicle by which staff may be able to develop 

effective courseware at less cost. 
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The above point raises the questions of effective staff 

training particularly involving the younger staff, who are 

very often the most receptive to new ideas. This was 

highlighted in Chapter 6 by the general comments from the 

survey. This is perhaps a channel for senior management to 

follow in order to generate effective approaches to CAL 

development. 

In the case of the types and modes of software the 

survey clearly highlighted a major use of software packages 

utilising the computer as a tool or to run simulation type 

packages. This indicates the major modes as being the 

emancipatory and revelatory modes. In both of these there 

is a greater tendency towards learner control as shown in 

the case study evaluation results of Chapter 6, It is not 

.to say however that Tutorial or Drill and Practice types of 

software package have no place. What it indicates is that 

perhaps there are none available of the correct quality and 

suitability. If nothing else the evaluations using 

classification profiles, have shown us that it is the 

motivational, learner controllability and knowledge 

acquisition characteristics that make it attractive to the 

student as an effective learning medium. It is not the 

mode but the quality and suitability that is important. 

Nonetheless these indications should be heeded in producing 

a range of suitable CAL courseware packages in the initial 

stages. 
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From an hardware point there is some indication from 

the survey that the trend is a gradual increase in the use 

of IBM compatibles in the Electrical and Electronic 

Engineering departments. This can only bode well for 

software development if there is only one main type of 

computer configuration or system and also being compatible 

with industrial use, i.e. keeping pace with what's going on 

in industry. 

Overall there was an enthusiasm by lecturers and 

students alike in using CAL courseware if it was of good 

quality and applicable. The basic foundations are there for 

a natural developmental progression in the use of CAL, with 

the new National Vocational Qualifications, see NCVQ (1989) 

for details, likely to ensure a compatibility of BTEC 

courses across the country in the various specialist areas, 

creating a large potential market for CAL software which may 

reduce costs and make CAL a more marketable commodity. 

The introduction of the Education Reform Act see 

DES (1988) which has effectively made colleges self 

governing has as Pratley (1988) stated caused: 

'resource allocation to intrude upon the curriculum 

process model' 
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This has changed the FEU model illustrated in Figure 2.4 in 

Appendix 2 and described in Chapter 2 to that shown in 

Figure 7.1 Appendix 7. The clear implication of this 

situation is that resources are vital to the effective 

implementation of the curriculum. Hopefully resources in FE 

and in particular in Electrical and Electronic Engineering, 

follow the successful curriculum implementations of BTEC, 

and create a system whereby resources which certainly 

include CAL are provided to ensure effective curriculum 

design, implementation and evaluation. By such means then 

our educational aims may be finally achieved. If the 

authors own college is anything to go by, there is in 

progress the setting up of a college wide resource centre 

including CAL and Interactive Video etc. Hopefully this 

is a step in the right direction. 

That is not to say however within the survey carried 

out there were not distracters. There were general 

comments made in the survey and highlighted in Chapter 6 

which caste shadows on the validity and effectiveness of 

CAL. This and the fact that the responses from some 

colleges to the survey was negative having undertones of a 

certain amount of unrest due in part to the college and 

national restructuring which has and is taking place added 

balance to the argument that not everything in the garden is 

roses. 
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----------------------------------·- -

Nonetheless the point was made earlier that there is 

hope for the future development of CAL. To use the phrase 

quoted on Central (1990): 

'A ship is safe in the harbour, but that is not what it 

was built for. ' 

Learning and the processes of acquiring it were not 

meant to be static, but need exploring to ensure that 

students and teachers/lecturers alike get the best out of 

the education system. 

In summary it would be fair to say that the 

investigations undertaken in this work have given an insight 

into the effects of curriculum changes on CAL and its 

possible future 1~ession. However, it must be said that 

a much larger survey is needed and more case studies 

undertaken to give a real picture rather than merely an 

insight. 
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Approach Distinguishing characteristics /liusrration 

linear programs Derivation from behaviourism; Last (1979) 
systematic presentation; 
reinforcement and self-pacing. 

Branching prograr.ns Corrective feedback: adaptive 
to student response; tutorial 

Ayscough (1977) 

dialogues; use of author 
languages. 

Generative computer· Drill-and-practice; use of task Palmer and 
assisted learning difficulty measures; answering Oldehoeft ( 1975) 

student questions. 

Mathematical models Use of statistical learning Laubsch and 
of learning theories of limited applicabi- Chiang(l974) 

lity; response-sensitivity. 

TICCIT Team production of courseware: Mitre Corporation 
•mainline • lessons; use of (1976) 
television and minicomputers; 
learner control. 

PLATO Multi-terminal interactive Bitzer (1976) 
system; visual displays; 'open 
shop· approach; concern over 
cost. 

Simulation Computer as laboratory; McKenzie (1977) 
interactive graphics: typically 
small programs. 

Games Intrinsically motivating; Malone (1980) 
audio·visual effects; often 
lacking educational aims. 

Problem-solving Computer as milieu; program· Papert (1973) 
ming by children ;derivation from 
Piaget's theory and artificial 
intelligence. 

Emancipatory modes Computer as labour·saving Lewis and 
device; task-oriented; use of Tagg (1981) 
microcomputers and public 
information systems. 

Dialogue systems Tutorial strategies; use of Carbonell (19i0) 
natural language; mixed 
initiative; use of complex 
knowledge representations. 

TABLE 1.1 -APPROACHES TO CAL IN THE 1970's 
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6. Children acquire the conventions and values of the. new 
'information age' from their experiences in and out of school 
and through the media. They learn about the capabilities, 
limitations and uses of computers, as well as of their associated 
technologies. Although IT is only one of a host of important 
factors affecting sociery and schools today, it is unusual among 
current agencies of change in that it impinges directly on the 
learner at all ages; on the nature and content of study; and 
therefore on the curriculum and the teacher. · 

7. IT has a critical role in enhancing the learning process at 
all levels and across a broad range of activities including but 
going beyond the National Curriculum. Through the use of IT 
in the curriculum, schools will also be helping pupils become 
knowledgeable about the nature of information, comfortable 
with the new technology and able to exploit its potential. The 
aims of working with IT in schools are: 

i. to enrich and extend learning throughout the curriculum, 
using the technology to support collaborative working, 
independent study and re-working of initial ideas as well 
as to enable pupils to work at a more demanding level by 
obviating some routine tasks; 

ii. to help young people acquire confidence and pleasure in 
using IT, become familiar with some everyday 
applications and be able to evaluate the technology's 
potential and limitations; 

iii. to encourage the flexibiliry and openness of mind 
necessary to adjust to, and take advantage of, the ever­
quickening pace of technological change, while being 
alert to the ethical implications and consequences for 
individuals and sociery; 

iv. to harness the power of the technology to help pupils with 
special educational needs or physical handicaps to 
increase their independence and develop their interests 
and abilities; 

v. to help interested pupils to undertake detailed study of 
computing and to design IT systems for solving 
problems. 

FIGURE 1.1 - AIMS OF I.T IN SCHOOLS 

-329-



8. AU iJUpils should use a range of IT resources in core, 
other foundation and, where relevant, non-foundation 
subjects and cross-curricular themes. In the four key stages 
such resources might include electronic toys, calculators and 
musical instruments, as well as word processors and other 
computer software. The examples given within the following 
objectives are for illustration only. Opportunities for using IT 
within the classroom are many and technological change 
continues to add to and change them. Some of the objectives 
themselves may need review within a short span of time. 

9. The differences in the backgrounds of pupils, their 
interests and the level of IT provision to which they have 
access outside school mean that confidence and skills in using 
IT are not related solely to the ages of pupils. Schools must 
build on whatever skills pupils bring with them and give 
individuals opportunities to share their knowledge with others 
and to employ such IT as is available in school and outside to 
further their learning. 

10. During their time at school pupils' experience with IT 
should enable them to acquire certain knowledge, skills and 
understanding. Through work required within the National 
Curriculum and also related to other areas they should develop 
the general capability: . 

i. to communicate ideas and information in a variety of 
forms using IT where appropriate (e.g. using word 
processing, electronic mail or desk-top publishing); 

ii. to capture, store, gain access to, change and interpret 
information (e.g. using databases, spreadsheets or 
viewdata systems); 

iii. to assess critically the content and presentation of 
information from various sources, including that m 
various data bases (e.g. using viewdata or examples of 
computer-generated unsolicited personalised mail). 

FIGURE 1.2 - OBJECTIVES FOR I.T 5-16 
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------------------------------------------------------------------------- -

In addition they should be able: 

iv. to· carry out mathematical investigations or explore 
computer-based representations of imaginary situations 
or of real processes (e.g. using a simulation of an 
archaeological exploration or power supply network, or 
studying an economic model); 

v. to make appropriate use of an IT system in the aesthetic 
activities of drawing, designing and making or composing 
(e.g. using an electronic music synthesiser, graphics 
software or a lathe controlled by a computer); 

vi. to measure and control environmental variables and 
movement, using IT as appropriate alongside other 
resources (e.g. building an automatic device to count the 
number of times people enter a room); 

vii. to consider and discuss some of the social changes and 
ethical considerations implicit in some uses of IT (e.g. 
databases containing financial information about 
individuals). 

11. As they progress through the four key stages engaging in 
activities related to the above objectives pupils should acquire 
growing confidence and satisfaction in using IT and sensitivity 
to the wider implications of its use. They should develop a 
broad understanding of the ways in which particular systems 
work; familiarity with concepts associated with hardware and 
software; a vocabulary of terms associated with IT; and the 
capacity to learn from simply worded instructions how to 
operate unfamiliar technological devices. These aspects should 
be addressed within the context of mainstream curricular 
activities rather than in isolation. 

12. The objectives are expanded on pages 9-32 to indicate 
the detail and depth of study appropriate to pupils in primary 
schools (key stages 1 and 2) and secondary schools (key stages 
3 and 4). Some older secondary pupils, stimulated by their 
experience with IT, may wish to study a wide range of more 
advanced applications of computing. The last section deals 
with specific objectives for those pupils following specialist 
courses in computing or IT. 

FIGURE 1.2 - (CONTINUED) 
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In each lr.ey stage, pupils should develop Information technology capability through 
actiVities which arise in other c:urrlculum areas. These activities, undertalr.en 
individually or in eroups, should: 

• develop confldence and satiSfaction In the use of Information technology: 

• broaden pupils' understanding of the effects of the use of Information technoiogy: 

• encourage the fle:'db!lity needed to take advantage of future deVelopments In 
Information technology: 

• enable pupils to become fam!liar with the computer keyboard; 

• encourage the development of perseverance: 

• enable pupils to take greater responsibility for their own learning. and pro,ide 
opportunities for them to decide when it is appropriate to use Information 
technology In their work. 

Activities should be appropriate to both boys and girls. 

FIGURE 1.3 - RECOMMENDATIONS FOR PROGRAMMES OF STUDY FOR 

INFORMATION TECHNOLOGY CAPABILITY 

-332-



APPENDIX 2 

-333-



Ralph W. Tyler {1945) 

1 What educational purposes should the school seek to attain? 

2 What educational experiences can be provided that are likely 
to attain these purposes? 

3 How can these educational experiences be effectively organised? 

4 How can we determine whether these purposes are being attained? 

Purpose ···> Experience ···>Organisation ···> Evaluation 

Aims and Objectives ···> Content --> Methods ···>Evaluation 

The 'Tyler' mode~iculum planning. .:·.~ 

• (AlMS/OBJECTIVE\ . .;j 

mwn•o' o• m . .cno' o• :t 
LEARNING EXPERIE\S l.E71NG EXPER1ENCES_1~ 

ORGANIZATION 01' ··J. 
LEARNING f.Xl't:RlENCt:S ··} 

~ 

FIGURE 2.1 - TYLER RATIONALE OBJECTIVE MODEL 
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_ Levels in the Cognitive and Affective Domains and: 

Sample Objectives . . :; ·~ 
A. Cognilive domain ~ 

Level I K~owu:um: 

'To make pupil~ conscious of correct form and usage 
in speech and writing' 
'Knowledge of a rel:uively complete fOrmulation of 
the theory of evolution' 

Level 2 CuMJ'Rt:III'.NS!oN 
'Skill in translating mathematical, verbal material into 
symbolic statements and vice \'ena' 
'Skill in predicting continuation of trends 

Level 3 A•·•·uc:,\TioN 
'The ability to predict the probable eff«t of a change 
in a factor on a biological situation previously at 
equilibrium' 

Level 4 ANAt.Ysts 
'Skill in distinguishing fact! from hypotheses' 

Level 5 SvNTm~'illi 
'Ahility to tell a pcr~unal experience ciTcctivdy' 
'Ability tu pmpmc way!l of testing hypnthcsc5' 

l..eveJ6 t:VAUIA"IIUN 

'The comparison of m;~jur dtcnries, geuerali1.1tlions 
and l:acu about panicular cultures' 

B. Affective domain 

Level 1 Rt:c:t:tVINil (Arn:NntNI;) 

'Attends carefully when others speak in direct 
conversation, on the telephone, in audiences' 

Level 2 Rt:.•wuNIJINI> 

'Finds pleasure in reading for rel:i-eation' 

l..e\·el3 VAt.UINil 

'Assumes responsibility for drawing reticent members 
of the group into conversation' 

Level4 OJWANIZATtuN 

'1-'nrms judgements as to the re5ponsihility of society 
f(Jr conserving human and matcri<.~l resources' 

Uvel 5 CII,\R,\t:'J t:tU/ATtoN 11\' ,, \',\a.n: oR ,.,,a.n:·UJMa•t.t:x 
'Readiness In re\'i~t' jud~eme111s and tu c.:hangc 
behaviour in the light uf e\·idence' 

.;.; 

I 

\ 

I 
! 

FIGURE 2.2 -BLOOM's TAXONOMY OF EDUCATIONAL OBJECTIVES 
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D.K. Wheeler (1967) 

1 Alms, goals and objectives 

t 
5 Evaluation 

4 Organisation and Integration 
of learning experiences and 

content 

2 Selection of learning 
experiences 

J 
3 Selection of content 

FIGURE 2.3 -WHEELER's OBJECTIVE MODEL 
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So::iNy · rupU 

~ T ~ .. --I .:~n<llyse 
state aims, 

the systea:, I 
ldent i!~· tasks 

j --' t '"r"~ ur 
I 

·.· L. analyse tht> t":il!ik j 
1 j 

sp•~t:Hv h•v•·ts of itJ•:nll fy •H:·J J•·! iw.: 
kuCiwlc:..lqc, sJ:llls, llCiit~tions of Jau..l~nt. 

attitudes, t!lc popul01.tion 

j I 
I stall! lcarninq oC)ectiv~s J . 

j 

I select stratcqies of 

I learninq/teachinq 

I 
I select conditions of I leo1rnin9 

I ~,~ 

[ "'""' asscssn,cnt I 
I 

I ... up conditions of I lc.lrnln'J 

L.l 
j 

Assess students I 
j 

I evalu.:.t• curriculWII I ! 

FIGURE 2.4 ALTERNATIVE TYPE OBJECTIVE MODEL 
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I define 
ta:r~e1:. 

A Hodel of Course Development 

Coornbe Lodge 

Working Paper 0940 

I state what is to be learned I 
I by the student I 
/ "' liC".itations of I 

stu:jent intake 
I define the othH ~ 

resources available 

'\ I 
I pl:'l.n the learning situations r 

r---1 define student assessment 

I select st.udents 

I run the course I 
t 

I assi!SS students I 

evillutJ.te course I 

FIGURE 2.5 - COOMBE LODGE MODEL FO~ CURRICULUM DESIGN 
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...----..! Sltuational 
Analysis 

(a} external 
(b) internal 

Goal 
Formulation 

Teacher and Pupil Actions 
(not necessarily manifest "behaviour") 

.-..,.::::!L----..-, (a) Design of teaching I learning activities 
Programme (b) Means-materials 
Building (c) Design of labs, workshops, field work etc. 

(d) Personnel deployment , rotes 

Situational Analysis 
External 

(e) Timetables and provls/onlng ...---.!i.___ ___ __, 

·Interpretation and 
Implementation 

Problems of resistance, confusion etc. 
Review experience 
Analyse relevant research and theory 
Imaginative forecasting 

.---~---------. (a) Design monitoring and 
Monitoring, Feedback, communication systems 
Assessment and (b) Assessment schedules 
Reconstruction (c) Problems of 1....-----------l continuous assessment 

{d) Reconstruction I ensuring 
contihuation of pm cess 

Internal 
(i) Culture, Society, ld6lologies, 

Parents, Employers 
(i) Pupils 
(ii) Teachers 
(iii) School ( i i) Education System, 

Government, LEA, Exams, 
Projects, Research 

( i i i) Nature of Subject Matter 
(iv) Teacher Support Systems 
(v) Resource Input 

(iv) Material Resources 
(v) Existing Curriculum 

FIGURE 2.6 - SITUATIONAL CURRICULUM MODEL 
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MONITORING 
EVALUATION 
REVIEW/CHANGE 
MARKETING 
(AFTER-SALES'• 

LB.R:--<ERS 
TBCHERS 
ll'Dt:STRYICOMMERCE 
CO~I~It:NITY 
.'A/\RKETING 
1PRE-SALES) 

l~tPLEMENTAT!ON 

TE.~CHING/LEARNING 

STR.~ TEGIES 
MODE OF DELIVERY 
MATERIALS DEVELOPMENT 
ACCESS (GUIDANCE) 
NEW TECHNOLOGY 
ASSESSMENT (STANDARDS) 

OUTER CIRCLE-

STt:D ENT -CENTRED 
INDCSTRY -CENTRED 
NEGOTIATED 
CENTR.~LL Y DETER.IAINED 
PROGRESSION 
ACCESS (ENTRY: 
ACCEPTABILITY 
CO-ORDINATION 

11'-<NER CIRCLE AND HUB­
The curriculum development cycle Features of e:lch stage in the cycl~ 

FIGURE 2.7 -FURTHER EDUCATION UNIT CURRICULUM 

DEVELOPMENT MODEL 
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Table .:!shows, the pass rate in ONC in 1969 was 62 per cent as 
compared to 68 in OND, and 73 per cent in HNC as compared to 77 

·in HND. . 

TABLE ..1. 
1-Urtbt•r ~tlu-~atilln t'Xatnbrutioits: tntrattt.v and pusst•.r 

Part-time courses 1961 1966 1Y69 
J. CGLI (all subjects) 

. •: 

Entries · 133,068 241,806 356,780 
Passes 82,929 165,385 258,756 

Percentage passes 62 68 73 

2. ONC (all subjects) 
Entries 38,138 29,154 23,627 
Passes 19,453 17,802 14,625 

Perce~tage.passes 51 61 62 

3. HNC (all subjects) 
Entries 17,422 21,673 18,189 .. 
Passes 11,719 14,293 13,291 

' . '• 
Peree~tage passes 67 66 73 

. ····" 
Full-time courses < -:· ' . 

I •. OND (all subjects}, . :-1~~-: .. , ·.: • Entries · 1 921 3,817 5,032 
Passes 

•, 

561 .· 2,568 . 3,504 
: ,, I·' 

~ercentage passes .. 61 67 70 

2. HND.(a11 subjects) 
Entries • 1,260 3,257 5,658 
Passes 1,054 2,703 4,386 

Percentage passes 83 83 77 

3, .. NDD/Dip.AD 
· .· Entries 1,574• 1,7SSt I,950t 

Passes· 1,286 1,526 1,835 

Percentage passes 82 > 89 94 

• N!JD only. _. t NDD and Dip.AD. t Dip.AD only. 

TABLE 2.1 - ILLUSTRATES REDUCTION IN WASTAGE ON NATIONAL 

AND HIGHER NATIONAL CERTIFICATE/DIPLOMA COURSES 
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--------------------------------------------

MAIN ROUTES 

U Special subjects for job chan~Jit. c.9· supervision & man;r.gon1ent 

-----~-- -------l-- ~.:.:.~.:,:..~:-- r----------.. -.;: ~;.:;:,~~: 

~ include parts ol -
H l 0 course 

HTC 

• 
--- ---

-------------, 

• 

I 

' 0 
0 
0 
I 
I 
I 

I 
I 
0 
0 
0 

1.200 
hours 

18y•ars ---------- -----'---1,--J-- ----------------
KEY 

~
. 

Study in depth · 

I Study In brudth 

FIGURE 2.10 - UNIFIED PATTERN OF COURSES FOR THE TEC 

CERTIFICATE AND HIGHER TECHNICIAN CERTIFICATE COURSES 
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TECHNICIAN EDUCATION COUNCIL TEC Programmes 
HIGHER CERTIFICATE Electrical 

Electrical and Electronic Installation & 
Engineering Maintenance 

Telecommunication 
. Electronics 

TEC Audio & Television 
CSE Grade 3 ~ -. CERTIFICATE 
Mathematics 
Science • . . 
English -

Bridging Course 

'" .,. 

232 Part Ill Options 232 235 224 224 Part Ill Options 
Distribution of Part Ill Electrical Part Ill TV & Information 

Electrical Power Installation Reception 
Utilization of Work Video Recording 

Electrical Power Course 'C' & Playback 
Testing Methods for .,. .,. 

' 
AM/FM Reception 

Plant and . & Audio Systems 
Equipment Electronic 

College Syllabus Measurement & 
Control 

232 236 224 Electronic 
Electrical & Electrical Electronics Instruments & 
Electronic Installation Servicing Testing 
Craft Studies Work Part 11 College Syllabus 
Part 11 Part 11 

·~ .,. 
232 Part 11 Options ... • 224 Part 11 Options 
Electricity Supply 200 236 224 TV&Audio 
Electrical Plant Basic Part I Part I Equipment 

Utilization Engineering Industrial 
College Syllabus Craft Studies Equipment 

(Electrical) 
Part I 

FIGURE 2.12 - SCHEMES OF FURTHER EDUCATION IN ELECTRICAL 

AND ELECTRONIC ENGINEERING 
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Each programme will have the following common core units. 

CORE UNITS UNIT VALUE 

MATHEMATICS I - 1.0 
PHYSICAL SCIENCE I 1.0 
INDUSTRIAL SKILLS AND PRACTICE 1.0 
ELECTRICAL AND ELECTRONIC SYSTEMS 1.0 
MATHEMATICS 11 1.0 
ELECTRICAL AND ELECTRONIC PRINCIPLES 11 1.5 
DIGITAL TECHNIQUES 11 0.5 
ELECTRONIC APPUCATIONS 11 0.5 
ELECTRICAL AND ELECTRONIC PRINCIPLES Ill 1.0 
GENERAL AND COMMUNICATION STUDIES A 1.0 . 

GENERAL AND COMMUNICATION STUDIES B 1.0 

The specified programmes will be completed by addition to the following units. · 

ELECTRONICS ELECTRICAL ENGINEERING 

UNIT UNIT 
UNIT VAWE UNIT VALUE 

MICROELECTRONIC ENGINEERING DRAWING 
SYSTEMS I 0.5 APPREC!AT10N 0.5 
MICROELECTRONIC ELECTRICAL 
SYSTEMSII 1.0 APPLICAT10NS 11 0.5 
ELECTRONICS 111 1.0 INSTALLAT10N 
DIGITAL TECHNOLOGY 11 1.0 
TECHNIQUES Ill 1.0 INSTALLATION 
ELECTRONIC TECHNOLOGY Ill 1.0 
APPUCATIONSIII 1.0 AlARM&. CONTROL 

SYSTEMS Ill 0.5 
ELEcmiCAL 
APPLICATIONS Ill 1.0 

ELECTRICAL AND ELEClRONIC 
ENGINEERING 

UNIT 
UNIT VALUE 

ENGINEERING DRAWING 
APPRECIA T10N 0.5 
MICROELECTRONIC 
SYSTEMS\ 0.5 
ELECTRICAL 
APPLICATIONS I\ 0.5 
ELECTRONICS Ill 1.0 
ELECTRONIC 
APPLICATIONS Ill 1.0 
ELECTRICAL 
APPUCATIONS\11 1.0 

FIGURE 2.14 - BTEC NATIONAL CERTIFICATE REVISED 

PROGRAMME STRUCTURES. 
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BTEC HNC IN ELECTRONICS 
For the technician with a need to understand the hardware aspects of microprocessor based systems. lt is 
envisaged thatthe technician will require a substantial understanding of the problems of interfacing between the 
microprocessor and the "outside world" as well as an appreciation of the programming aspects of 
microprocessor operation. 

CORE UNITS 

UNIT TITLE UNIT VALUE . 
MATHEMATICS Ill 1.0 
MEASUREMENTS AND CONTROL Ill 1.0 
MICROELECTRONIC SYSTEMS Ill 1.5 
ELECTRICAL AND ELECTRONIC PRINCIPLES IV 1.0 
ELECTRON_ICS IV 1.0 
DIGITAL TECHNIQUES IV 1.0 
MANAGEMENT AND COMMUNICATION STUDIES IV 1.0 
ELECTRONIC INSTRUMENTATION IV 0.5 

The core units provide a total of 8 units towards the higher certificate, the remaining two units may be chosen 
from the following list of optional units. Additional units from this list may be added to the HNC as supplementary 
units. 

UNIT TITLE UNIT VALUE 

MICROPROCESSOR BASED SYSTEMS IV 1.0 
CONTROL APPLICATIONS IV 1.0 
MATHEMATICS IV 1.0 
INDUSTRIAL ELECTRONICS V 1.0 
INDUSTRIAL MEASUREMENTS AND PROCESSES V 1.0 
MICROPROCESSOR BASED SYSTEMS V 1.0 

FIGURE 2.16 - BTEC HIGHER NATIONAL CERTIFICATE REVISED 

PROGRAMME STRUCTURES. 
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1. 

2. 

3· 

lt. 

6. 

nJ: 079/60, 
Hic~lectrcaic S;rsteme n 

TECHNICL\l'f EDUC.I.TION COUNCIL 

Standard Unit 

UN:IT TITU : Microelect.rozdc Syate~D5 

. 

t1N:IT UVZX.: li 

. .':, r . . . 
UN:IT VAX.DE"I 

. -· .. · One Il .. i.p.Lenc1:h 6o hou.ra 

PROGRAMMES: 
The ~idelinea produced by Programme Committee• 
indi.cate tbe standard units that they see tor 
poaaible incorporation in their proszoamm••• 

PRE-REQt1:ISITZ t1N:ITS: 

Mi.croelectroni.c Syateaa 1 
Ma~ticai 

ClUCDITS FO a UNITS : 

7. AIMS OF THE UNIT: 

1. 

2. 

To introduce the binary ayat*D o£ addition 
and subtraction. 

To explain tbe !etch/execute cycle. 

To extend aacbina level programming to 
allow a prograa ua~ng a loop to be written 
and. executed. 

4. To develop tbe principl•• o! storage and 
bua ••chani.saas. 

8. SPECIAL ~OTES: 
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~is gives a ver, approximate analysis, by topic &r.4 type ot learning, ~ a 
key to the pNd.uc:tion by & c:olles- o£ ita asseasment speei!ic:Ation tor thi.s u.~i':. 

! . - " ot total a.s:ses=ent . . 
Illtellectual. sk:::i JJ s· 
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topic: ana(a) as:>essment sldll s 8 
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TB: tT79/603 
ltl.c:roelectroaic Srsteu rJ: 

10. UNIT CONTElfl' 

The unit topic areas and the general and speci£ic 
objectives are sat out balow, the unit topic areas being 
pre£ixed by a capital letter, the general objectives 
by a non-decimal number, the speci£ic objectives by a 
decimal nwaber. THE GENERAL OB.JECTIV'!S GIVE THE TE~C!UNG 
GO.U.S AND TH& SPECIJI'IC OBJECTIVES THE ME~!l'S BY WHICH 
THE S'l'UDElfl' DEMONSTRATES HIS ATTAINMENT OF THEM. Teaching 
ata££ ahou.ld design the learning process to meat the 
general objectives. ·The objectives are not intended 
to be in a particu.lar taeching sequence and do not 
speci£y teaching method but, £or example, practical work 
cou.ld b·a the -st appropriate teaching method £or the 
achiav-nt. ot: the. object:t:vaa. 

ALL THE OB.JECTIVES SHOI1LD BB UNDERSTOOD TO BE PREFIXED 
BT THE WORDS: THE EXPECTED LEARNING OUTCOME IS THAT 
THE S'l'UDENT : 

A. BL'fARY AND LoGIC 

1. 

B. 

2. 

Understands the principles o£ binary addition and 
aWl traction. 

lol 

1.2 

1.) 

1·5 
1.6 

1.7 

1.8 
1o9 

1.10 

1.11 

Statea that computers hold and ..anipu.lata data 
•• patterns o£ binary sta tas. 
Explains that the binary nwaber syste• ia 
a convenient, but not the only way,o£ 
~DAnipu.lating the patterns in 1.1. 
Det:inea the binary ayst- o£ numbers and 
derives the ·equivalent o£ binary numbers. 
De£ines the octal and hexadecieal system o£ 
numbers and derives the octal and hexadeciiDai 
equivalent o£ binary I!.UIDbers. 
Extends 1.3 and 1.4 to reverse the derivation. 
Explains the ..ain application and advantages 
o£ the octal and hexadeci~DAl systems. 
States the ru.les o£ binary addition 
including the carry £unction. 
Applies the ru.les o£ binary addition. 
States that negative numbers are normally 
represented in twos complement £or=. 
Explains the ru.les o£ twos complement 
notation. 
Uses 1.9 and 1.10 to per£orm binary subtraction. 

THE FETCH/EXECUTE CYCLE 

Understands the £unction o£ the main components o£ ~he CPU. 

2.1 De£inea the term register. 
2.2 Explains typical proparties and uses o£ a 

register. 

i5J 
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m: ll7'3/6o3 
Microelectronic Srste=a 

2.5 

2.6 

2. 7 
2.8 
2.9 

Explains that an inst~ction co~rises two 
parts: 

a) the operator - the part de£inins which 
operation is to be per£ormed. 

b) the operand - the part de£ining the 
data or location o£ data which is to 
be used by the operation. 

""aws a Cl'U contaJ.~ns: 

a) Instruction Register (R) 
b) Prosraaa Counter (PC) 
c) Store Address Register 
cl) .\cctllllt&l.a tor 
e) Arithmetic ancl Logic Unit (.\LU) 
£) Status register 
sl Control and Timins Devices 

Explains the basic purpose o£ each unit 
in 2.4 
States that carryins out an instruction 
involves the Fetch/Execute Cycle. 
De£ines the term Fetch. 
De£ines the term Execute. 
Explains the basic operation as being £etching 
the instruction to the CPU, decoding the 
inst~ction within the CPU, £etching more 

2.10 
data i£ requirecl and executing the instruction. 
Demonstrates the mechnism in 2.9 by using; 
£or example, an add £rom memory into the 
accWIIIll.a tor. 

C • ~GRAM=.:...;C:::RE=A~T:.:I:.:O:.:N;:...:;:..;.:T:....:.MA=C:.:H:::I::.:.IE:.::....;:C:::O~D:::E:....:::L:::E:.:VC:..;:.:;L 

). Draws a ~low chart to solve a problem. 

).1 Explains £or any given problem a set o£ 
ateps called an algorithm must be created 
which will solve the problem or will 
indicate that a solution can not be £ound. 

).2 States that the next step in program 
creation is the generation o£ a £low chart 
£rom the algorithm. 

).) States that until the £low chart has been 
drawn it is normally ~ossible to vrite 
a satis£actory program. 

).4 De£ines the algorithm, draws the £low chart 
and writes the program to solve a given 
sa~le problem, such as the addition o£ 
two words £rom store putting the results 
back into store. 

).5 Writes the contents o£ each register 
(in 2.4) and relevant store locations 
be£ore and a£ter the execution o£ each 
inatruction ie a trace table. 

).6 States that in order to load and execute 
a simple program some so£tware must already 
exist within ehe =achine. 

/55 
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).7. Yeri£iea the traoe table by loading and 
aincJ.• atepping the prosraa. 

D• I~STRUCTION SETS 

lt. Uncieratancis tb.e aaain types o£ .inatruotiona. 

.... 

&. 

,. 

lt.l State• that the aaain typea o£ inatructiona 
.. y be grouped into tb.e tolloving: 

a) Data Tranater Group 
b) ·Arithmetic and tocic Group 

· ·· ~) · Tea~ and Branch Group 

lt. a Givea aX&IIIplea o£ the izaatzou~tioua in each 
croup in lt.1. 

lt.) Detinea the type ot adcireaaing in ).lt. 
·lt.~lt .Statea that the procrae in ).lt only required 

• .the uae o£ one type ot adcireaaing and that 
. 110re co~~~plicated prograaa aaalce uae o£ other 

toraa o£ adcireaaing. 

PROGRAMS WITH LOOPS 

Writea a prosraa containing a loop. 

Sol De£inea a loop aa a body ot progr~ which 
ia repeated a number o£ timea. 

s. a &xplaina that the DWIIber o£ P••••• around 
the loop ia co~&trolled by a paraaeter which 
ia ~gad on each paaa ot the loop. 

,_, &xplaina that the paraaetar in s.a ia 
teated Oil each paaa ot the loop. 

s.lt Statea that a loop .. Y contain an inatruction 
whoae operand can be changed at each paaa ot 
the loop. · 

S.S State• that the operand o£ the jump instruction 
in s.J ~t enable the program counter to 
locate the next inatruction. 

s.6 Etllploys an algorithm, cirawa • £low chart, 
writea and executea a program, uaing a 
loop oontrol counter to add tive numbers 
together stored in separate MeMory location• 
and storing the re~t in a sixth location. 

5.7 Selects trom a given list the appropriate 
instructions to the program in 5.6. 

F. STORE 

6. Understands the relationship between CPU and store. 

6.1 States that a store containa a number 
ot locations. 

6.a States that each store location has a unique 
addre•s. 

6.) Statea that each location within a store 
contain• a predetermined number ot bita. 

I r 
I 

! 

. 
l 
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6.1t 

6.s 
6.6 

6.7 

6.8 

- 6 -

Statea that only one atorace location 
ahou.lcl be connected to the clata bus at 
any one tilDe, 
Explains that with n acldreaa linea there 
are 211 available stores. 
Explains wby moat proprietary store chipa 
inclucle socae aclclreas clecodinc circuitry 
in acldition to the atorace alacaents. 
Statea that any location. in atore can · . 
contain clata or· instructions or sarbace. 
~l&ina the ter~n: 

a). CUp Select/Enabla 
b) React/Write Control 
c) Data and -'cldreaa Linea:. - . 

~-- .. 

Underatancla Bus Mechani-•• · 
. :. 

7.1 Explains the purpose o£ the clata," 'actdress · 
and control bua. 

7.2 States that the clata bus allows in£orcaation 
to.!low in either clirection ie Biclirectioaal, 

7.3 States that, in cenaral, only one input 
and output are 'actively' connected at any 
one time. 

7 .lt ExplaJ.na that the normal way o! achei vine the 
connection in 7•) is the use o£ a tri•state 
clevice. 

7•5 Uses a truth table to explain the £unction 
o£ a tri•state clevice. 

7.6- States that the control. clevice can provicle 
'· a sicnal to activate the store £or either 

reaclinc or writinc. 
7.7 States that the control clevice can provicle 

a signal to achieve either store or input/ 
output rout••· 

8. Unclerstands the principles o£ inter£acing. 

8.1 

8.2 
8.) 

8.1t 

States that the connection o£ a peripheral 
device to the Ricrocomputer data bus may 
require: 

a) Electrical bu££erins 
b) Code conversion 
c) Change in number o£ lines 
d) Timing co01trol. 

Explains the term bu££er. 
Relates the purpose o£ the buffer to 8,1 a) 
and d), 
Draws a block diagram o£ a caicroprocessor 
system which has input and output ports 
connected to (!or example) keys and an LEO 
output device via bu££ers. 
Modifies the pro~am in 5.6 to input !ive 
numbers from keys, to add them together and 

to output the results to an LEU display. 
8. 6 _Implements the program. 

, "7 '"' 
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Microprocessor Based Systems IV 

TECHNICIAN EDUCATION COUNCIL 

Standard Unit 

1. UNIT TITLE: MICROPROCESSOR BASED SYSTEMS 

2. UNIT LEVEL: IV 

3. UNIT VALUE: One DESIGN LENGTH: 60 Hours 

4. PROGRAMMES: 

The guidelines produced by Programme Committees indicate 
the standard units tha~ they see for possible incorporation 

• in their programmes. 

5. PRE-REQUISITE UNITS: 

Microelectronic Systems III U79/604 

6. CREDITS FOR UNIT: 

7. AIMS OF THE UNIT: 

(1) To develop a procedure to compare microprocessor 
based systems. 

(2) 

(3) 

(4) 

To. introduce the principles of fault location in 
microprocessor based systems. 

To detail the procedure for system development. 
To program memories. • 

8. SPECIAL NOTE 

The devices in unit topic area D should all be non volatile 
devices. 

• 
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9. ASSESSMENT ANALYSIS 

The following gives the unit breakdown, by topic and types of 
learning, as a key to the production by a college of its 
assessment specifications for this unit . 

. 

% of total assessment 

Intellectual skills 
• . 

Unit/Subject Topic area(s) 
Motor 

topic area(s) as% of 
skills 

c 
assessment 

0 
c ·;;; 

·a 0 c 
·;; .. 

15 ii ·;; .. 
~ E ~ ·;; 

~ c. =a c 
0 E .. - 0 c. .E c (.) et 

A 12 2 10 

B 10 1 6 3 

• 
c 70 5 10 40 15 

D 8 1 7 

. 

• -
. 

Perr.entRII" of assessment - 7 16 52 25 for entire unit/subject 



TEC US0/674 
_3_ Microprocessor Based Systems IV 

10. UNIT CONTENT 

The unit topic areas and the general and specific objectives 
are set out below, the unit topic areas being prefixed by a 
capital letter, the general objectives by a non-decimal number, 
the specific objectives by a decimal number. THE GENERAL 
OBJECTIVES GIVE THE TEACHING GOALS AND THE SPECIFIC OBJECTIVES 
THE MEANS BY WHICH THE STUDENT DEMONSTRATES HIS ATTAINJ.!ENT OF 
THEM. Teaching staff should design the learning process to 
meet the general objectives. The objectives are not intended 
to be in a particular teaching sequence and do not specify 
teaching method but, for example, practical work could be the 
most appropriate teaching method for the achieveme~t of the 
objectives. 

• 
ALL THE OBJECTIVES SHOULD BE UNDERSTOOD TO BE PREFIXED BY 
THE WORDS: THE EXPECTED LEARNING OUTCOME IS THAT THE 
STUDENT: 

A. MICROPROCESSOR SYSTEMS 

1. Evaluates the characteristics of current microprocessor 
systems using manufacturers' data. 

1. 1 Analyses some of the important physical features 
of a microprocessor as being: 

(i) word length/data bus length 
(ii) speed of operation of a typical instruction 

.(iii) size and facilities of instruction set (including 
available addressing modes). 
(iv) size of address bus 
(v) power requirements 
(vi) 1/0 facilities. 

1.2 Identifies system devices, such as: 

(i) 
(ii) 
(iii) 
(i v) 
(v) 
(vi) 
(vii) 

CPU 
Memory 
1/0 devices 
clock 
bus buffer 
bus demultiplexers 
decoders 

1.3 Analyses differing microprocessor systems in typieal 
applications, i.e. 

(i) 
(ii) 

small dedicated e.g. washing machine controller 
semi dedicated e.g. word processor or PLC -

(Programmable Logic Control). 
(iii) general purpose e.g. microcomputer development 

system 
with reference to: 
a) appropriate device technology 
b) average chip count 
c) total cost 
d) predicted production volume. 

4 

• 
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1.4 Explains the use of bench marks for purposes of 
comparing different systems. 

B. FAULT LOCATION 

Introduces the principles of fault location in microprocessor 
based systems. 

2.1 Lists typical faults that can occur in microprocessor 
systems as: 

(i) 
(ii) 
(11i) 
(iv) 
(v) 

chip failure 
open circuit interconnection 
bridging or short circuit interconnection 
externally induced interference 
original software bugs 

2.2 Explains the use of conventional techniques for 
fault finding as: 

(i) 
(ii) 
(111) 
(iv) 

DC test 
use of logic probe 
use of CRO 
visual inspection 

2.3 Explains the use of: 

(1) 
(ii) 
!i~i) 

logic analyser 
signature analyser 
use of software diagnostics both resident 
and non-resident in detection of faults listed 
in 2. 1. (above). 

2. 4 Compares 1ra:li tional methods and specialist techniques for 
diagnosing faults, with reference to 2.3. 

C, SYSTEK DEVELOPMENT 

3. Recognises the steps in the development of a microprocessor 
system. 

3.1 Analyses the typical stages used in developing 
systems as: • 

(i) 
(11) 
(11i) 
(iv) 
(v) 

(vi) 

(v11) 
(vi11) 
(ix) 
(X) 
(xi) 
(x11) 

initial specification of complete system 
formulation of measures of cost effectiveness 
derivation of a system flow chart ; 
definition of hardware/software implementation; 
selection of necessary. electronic devices, 
controller, etc. and the necessary interfacing 
devices; 
definition of boundary constraints for the 
microcomputer program, e.g. timing, address 
space; 
dcvo lopmcn t 0 r program !low chart: 
writing of program; 
testing of program; 
modification where necessary; 
simulation/emulation of system; 
further modification where necessary 
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(xiii) 
(xiv) 

running of hardware and firmware protype 
iteration as necessary 

3.2 Recognises that the ratio of testing and 
debugging period to initial development 
time rises significantly with complexity 
of the task. 

4. Understands the uses of devlopment systems. 

4.1 States that the development system is used to 
expedite 3.1 (vii),(viii), (ix), (x) and (xi) • 

• 
4:2 States that typical facilities within a development 

system can be: 

(i) operating program consisting of: 

(a) operating system and monitor 
(b) editor 
(c) assembler 
(d) de bugger 
(e) PROM programmer 
(f) loader 
(g) linker 
·(b) locater 
(j) software trace 

(ii) Memory - for applications program development 
• - for operating system 

- for non volatile bulk storage 

(iii} keJboard and VDU/printer 

(iv) PROM programmer 

(v) I/0 facilities 

(vi) in circuit emulator 

4.3 Uses a system to enter, edit, assemble and debug 
a program. 

4.4 Relates 4.3 to (viii), (ix) and (x) in 3.1 · • 
4.5 Tests the software with appropriate hardware peripherals 

4.6 Given a flow chart, instruction set and peripheral 
hardware. uses a system to demonstrate that a program 
will perform a specified task. 

D. PRACTfCAL ASPECTS OF PROGRAMMABLE MEMORY 

5. Demonstrates the correct chip programming procedure 

5,1 Uses manufacturers' data to select programmable memory devices. 
5, 2 Uses manufacturers' data to define operating condi t 1 ens for 

programmable memory devices. 
5.3 Uses EPROK to store developed program 
5.4 Uses development system to program programmable memory devices. 
5.5 States the procedure for erasingL~E~PR~O~U~--------------------------
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Principal: J. Hicks MA 
Director of Education: R. D. Nixon MA 

alsall College of Technology St. Paul's Street, Walsall WS11XN Telephone: 25124 (3linesl. 

PARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

ad of Department: 

. HOMER, B.Sc. 

BTEC FIRST DIPLOMA IN ENGINEERING 

he course consists of a coherent scheme of unitised study in which the student 
ttempts 8 Essential values, normally completed over one year full time. 

EF. UNIT TITLE CONTENTS SUMMARY % OF UNIT 

01 Engineering Safety at Work 5 
Fundamentals F Hand and Machine Processes 

( 2. 0) Fastening and Joining materials 20 
Working in Plastics 
Materials . 10 
Engineering Drawing 20 
Electrical Measuring Instruments ) 
Electrical Connection and Termination ) 
Lighting and Power Circuits ) 20 
Electrical Protection ) 
Electronic Systems ) 
Integrative assignments 25 

02 Mathematics F Arithmetic 30 
( 1. 0) Algebra 35 

Geometry and Trigonometry 25 
Statistics 10 

03 Science F Oxidation 10 
( 1. 0) Statics 25 

Motion and Energy 35 
Electricity 30 

04 Information Introduction to information Technology 10 
Technology Computing 45 
Studies F. Information Technology Applications 20 

( 1 • 0) Integrative assignments 25 

05 Vocational Planning . 15 
Assignments F. Implementation 50 
( 1 . 0) Presentation 15 

Evaluation 20 

09 Instrumentation Basic Instrument Systems 30 
and Process Basic Fluid Measurement ) 
Measurements Basic Pressure Measurement ) 
F (1.0) Basic Level Measurement ) 45 Basic Flow Measurement ) 

~a~i c Temperature ~1easurement ) 
) 

Maintenance and Installation 25 

/Continued 



Principal: Jo Hicks MA 
Director of Education: Ro Oo Nixon MA = 

e~lsall· College of Technology St. Paul's Street, WalsaUWS11XN Telephone: 25124 (31ineslo 

PARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

Bd of Department: 
o HOMER, BoSc. 

BTEC FIRST CERTIFICATE IN ENGINEERING 

The course consists of a coherent scheme of unitised study in which the student 
attempts 5 essential unit values, normally completed over 1 year, part time day 
and evening. 

REF. UNIT TITLE CONTENT SUMMARY % OF UNIT 

FOl Engineering Safety at Work 5 
Fundament a 1 s F. Hand and Machines processes ) 

(2.0) Fastening and joining materials ) 20 
Works in plastics ) 0 

Materials 10 
Engineering Drawing 20 
Electrical Measuring Instruments ) 
Electrical Connection and Termination ) 
Lighting and Power Circuits ) 20 
Electrical Protection ) 
Electronic Systems ) 

Integrative Assignments 25 

F02 Mathematics F Arithmetic 30 
( 1 . 0) Algebra 35 

Geometry and Trigonometry 25 
Statistics 10 

F03 Science F Oxidation 10 
( 1 • 0) Statics 25 

Motion and Energy 35 
Electricity 30 

F04 Information Introduction to Information Technology 10 
Technology Computing 45 
Studies F. Information Technology Applications 20 

( 1 . 0) Integrative assignments. 25 

I 



OPTIONS 

REF. UNIT TITLE -
F07 Introduction to 

Metals 
Techno 1 ogy F. 

( 1. 0} 

FOG Engineering 
Drawing F 

(0.5} 

FOS Microelectronic 
Systems F 
(0.5) 

Practical Modules 

CONTENTS SUMMARY 

Met a 11 ography 
Metal Micro/Macro Structure 
Mechanical Testing 
Metal Shaping Processes 
Cutting 
Forming Processes 
Joining by Welding. 
Stiffening 
Integrative assignments 

OR 

Role and Production 
Geometrical Construction 
Engineering Drawing and Circuit Diagrams 
Integrative assignments 

AND 

Basic Systems 
Analogue and Digital Signals and Systems 
Microprocessor Systems 
Hardware, Software and Programming 
Integrative assignments 

lF Mechanical and Production Workshop 
2F Electrical and Electronic Workshop 

~ 

% OF UNIT 

10 
5 . ·-

10 
15 
10 
10 
10 
10 
20 

10 
5 

60 
25 

10 
10 
20 
35 
25 



l'rineipol: J. Hicks MA 
Director of Education: R. 0. Nixon MA = 

<Jisall College of Technology St. Paul's Street, Walsall WS11XN Telephone: 25124 (31ines). 

PARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

sd of Department· 

• HOMER, B.Sc. 

BTEC NATIONAL CERTIFICATE IN ENGINEERING 

(ELECTRONIC ENGINEERING) 

e course consists of a coherent scheme of unitised study in which the student 
tempts 10 essential values, normally completed over 2 years, part time day and 
ening. 

F. 

01 

02 

03 

os 

07 

10 

UNIT TITLE 

Mathematics NII 
( 1.0) 

Engineering 
Applications of 
Computers NII 

(0.5) 

Industry and 
Society N 

(0. 5) 

Electrical and 
Electronic 
Pri nci p 1 es NII 

( 1 • 0) 

Electrical and 
Electronic 
Principles NIII 

( 1.0) 

Electronics. NI I 
( 1 . 0) 

CONTENTS SUMMARY 

Formulae and Laws 
Geometry and Trigonometry 
Algebra 
Calculus 

Industrial Applications of Computers 
Computer Systems 
Utilities and Application Packages 
High and Low Level Languages 
Use of Computer. Systems in Engineering 

Industrial Relations 
Consumers and Producers 
Finance and Organisation 

Circuit Theory 
Electric Fields and Capacitance 
Magnetic Fields 
Electromagnetism 
Alternating Voltages and Currents 
Single Phase a.c. Circuits 
Heasuring Instruments and Measurements 

Single Phase a.c. circuits 
Electrical Machines 
Circuit Theorems 
d.c. Transients 
Control Principl~s 
Measuring Instruments and Measurements 

Semiconductor Diodes 
Transistors 
Amplifiers . 
Stablised Power Supplies 
Combinational Logic Gates 
Combinational Logic Networks 
Sequential Logic Systems 

% of UNIT 

20 
30 
30 
20 

9 
13 
9 
9 

60 

33~ 
33~ 
m 
15 
15 
10 
15 
15 
15 
1 5 

30 
5 

15 
22 
18 
10 

10 
15 
15 
15 
15 
1 5 
15 

/Continued 



F. 

14 

16 

UNIT TITLE 

Electronics NIII 
(3.0) 

Microelectronic 
Systems N 

!2.0) 

CONTENT SUMMARY 

Thyristor and other high power devices 
Contra 11 ed Rectification 
D.c. Line operation 
Unijunction Transistor Trigger Circuits 
d.c. Motor Control 
Fault Finding 
Decibels 
Amplifiers 
Oscillators 
Optic Fibres 
Pulse Waveforms 
Noise 
TT!, CMOS and ECL Gates 
Combinational Networks -
Sequential Systems 
Display Devices 
A - D and D - A Conversion Devices 

% of UNIT 

10 
3 
3 
5 
3 

20 
2 

10 
3 
5 
2 
2 
7 
7 

10 
3 
5 

Microprocessor based Systems 15 
Instruction sets and machine code programs 10 
Stack and Interrupts 15 
Assembly Language programs 35 
Classification & Packaging of VLSI elements 15 
Signa 1 Degradation 10 



------------------------------------------------------------------------ ' 

Principal: J, Hicks MA 
Director of Education: R. D. Nixon MA _;__,_ 

'-X<Jisall College of Technology St. Paul's Street, Walsall WS11XN Telephone: 25124 (31ines). 

EPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

lld of Depanment' 

D. HOMER, B.Sc. 

BTEC NATIONAL CERTIFICATE IN ENGINEERING 

ELECTRICAL AND ELECTRONIC ENGINEERING 

The course consists of a coherent scheme of unitised study in which the student 
attempts 10 essential values, normally completed over 2 years part time day and 
evenings. 

REF. 

NEOl 

NE02 

NE03 

NE05 

NEOS 

NEOlO 

UNIT TITLE 

Mathematics NII 
{ 1. 0) 

Engineering 
Applications of 
Computers NII 

{0.5) 

Industry and 
Society N. 

{0.5) 

Electrical and 
Electronic 
Principles NII 

{ 1 • 0) 

Electrical and 
Electronic 
Principles NIII 

{ 1. 0) 

Electronics NII 
{1.0) . 

CONTENTS SUMMARY % of UNIT 

Formulae and .Laws 20 
Geometry and Trigonometry 30 
Algebra 30 

. Calculus 20 

Industrial Applications of Computers 9 
Computer Systems 13 
Utilities and Application Packages 9 
High & Low Level Languages 9 
Use of Computer Systems in Engienering 60 

Industrial Relations 33i 
Consumers and producers 33i 
Finance and Organisation 33i 

Circuit Theory 
Electric Fields and Capacitance 
Magnetic Fields 
Electromagnetism 
Alternating Voltage and Currents 
Single phase a.c. circuits 
Measuring Instruments and Measurements 

Single phase a.c. circuits 
Three phase circuits 
Circuit Theorems 
d.c. Transients 
Control Principles 
Measuring Instruments and Measurements 

Semiconductor Diodes 
Transistors 
Amplifiers 
Stabilised Power Supplies 
Combinational Logic Gates 
Sequential Logic Systems 
Combinional Logic Networks 

15 
15 
10 
15 
15 
15 
15 

30 
15 . 
15 
22 
8 

10 

10 
15 
15 
15 
15 
15 
15 

/Continued 



--------------------------

REF. UNIT TITLE 

NE013 Electronics NIII 
( 1. 0) 

NEOlS Mi croe 1 ectroni c 
Systems NII 

( 1. 0) 

NE017 Electrical 
Applications NII 

( 1 • 0) 

NE18 Electrical 
Applications NII 

(2.0) 

CONTENTS SUMMARY % of UNIT 

Thyristors & other high power devices 30 
Controlled Rectification 15 
d.c. Line operation 10 
Unijunction Transistor Trigger Circuits 15 
d.c. Motor Control 15 
Fault Finding 15 

Microprocessor based systems 30 
Instruction sets and machine code 
programs 20 
Stack and Interrupts 30 
Assembly Language programs 20 

Supply, transmission & Distribution 30. 
Materials 25 
Transformers 10 
Illumination 15 
Switchgear and Protection 5 
Measurements and Fault Diagnosis 15 

Transformers 10 
d.c. machines 10 
Synchronous machines 10 
Induction motors (and small control 
motors) 20 
Power drive Transmission 7 
Eletr.oheat 20 
Measurements and Fault Diagnosis 8 

. ·-



Principal: J. Hicks MA - I 
Director of Education: R. 0. Nixon MA _:_ 1 

alsall College of TechnolOgy St. Paul's Street, Walsall WS11XN Telephone: 25124 (31inesl. 

EPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

8d of DeparTment· 

D. HOMER, B.Sc. 

BTEC NATIONAL DIPLOMA IN ENGINEERING 

(ELECTRICAL AND ELECTRONIC ENGINEERING) 

The course consists of a coherent scheme of unitised study in which the student 
attempts 18 essential values, normally completed over 2 years full time. 

REF. 

NEOl 

NE02 

NE04 

NE05 

NE06 

NElO 

UNIT TITLE 

Mathematics N II 
( 1. 0) 

Engineering 
Applications 
of Computers NII 

(0.£) 

Industry and 
Society N. 

(1 • 0) 

Electrical and 
Electronic 
Principles NII 

(1.0) 

Electrical and 
Electronic 
Principles NIII 

( 1. 5) 

Electronics NII 
( 1. 0) 

CONTENTS SUMMARY 

Formulae and Laws 
Geometry and Trigonometry 
Algebra 
Calculus 

Industrial Applications of Computers 
Computer Systems 
Utilities and Application Packages 
High and Low Level Languages 
Use of Computer Systems in Engineertng 

Industrial Relations 
Consumers and Producers 
Finance and Organisation 
Industry and Change 

% of UNIT 

20 
30 
30 
20 

9 
13 
9 
9 

60 

20. 
20 
20 
20 

National and Regional Industrial Policies 20 

Circuit Theory 
Electric Fields and Capacitance 
Magnetic Fields 
Electromagnetism 
Alternating Voltages and Currents 
Single phase a.c. Circuits 
Measuring Instruments and Measurements 

Single phase a.c. Circui~s 
Three Phase Circuits 
Circuit Theorems 
d.c. Transients 
Contra 1 Pri nci p 1 es 
Information Transmission 
Measuring Instruments and Measurements 

Semiconductor Diodes 
Transistors 
Amplifiers 
Stabilised Power Supplies 
Combinational Logic Gctes 
Combinational Logic Networks 
Sequential Logic Systems 

15 
1 5 
10 
15 
15 
15 
15 

20 
12.5 
12.5 
15 
15 
15 
10 

10 
15 
15 
15 
15 
15 
15 

/Continued 



REF. 

NE14 

NE16 

NE17 

NE18 

NE24 

UNIT TITLE CONTENTS SUMMARY % OF UNIT 

Electronics Nil! Thyristor and other high power devices 10 
3 
3 
5 
3 

(3.0) Controlled Rectification 
d.c. Line Operation 

Microelectronic 
Systems N. 

(2.0) 

Electrical 
Applications Nil 

( 1 • 0) 

Electrical 
Applications NIII 
(2. 0) 

Project N 
( 1 • 0) 

Unijunction Transistor Trigger Circuits 
d.c. motor Control 
Fault Finding 

·Decibels 
Amplifiers 
Oscillators 
Optic Fibres 
Pulse Waveforms 
Noise 
TT!, CMOS and ECL Gates 
Combinational Networks 
Sequential Systems 
Di sp 1 ay Devices 
A - D and D - A Conversion Devices 

20 
2 

10 
3 
5 
2 
2 
7 
7 

10 
3 
5 

Microprocessor based systems 15 
Instruction sets and machine code programs 10 
Stack and Interrupts 15 
Assembly Language programs 35 
Classification & packaging of VLSI elements 15 
Signal Degradation 10 

Supply, Transmission and Distribution 
Materials 
Transformers 
Illumination 
Switchgear and Protection 
Measurements and Fault Diagnosis 

Transformers 
d.c. machines 
Synchronous machines 

. Induction Motors (and control motors) 
Switchgear and Protection 
Power drive transmission 
Electroheat 
Measurements and Fault Diagnosis 

Design OR 
Design and Make OR 
Investigational OR 
Redesign and Modification OR 
Comparison OR 
Instrumentation 
Problem Identification 
Information Seeking and Analysis 
Problem Consideration and Solution 
Implementation 
Review and Report 

30 
25 
10 
15 
5 

15 

10 
10 
10 
20 
15 
7 

20 
8 

10 
10 
20 
30 
30 

/Continued 
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OPTIONS 

.. 
REF. UNIT TITLE CONTENTS SUMMARY % OF UNIT 

. 
NE23 Mathematics NIII Number Systems (including Complex) 5 ·-

(2.0) Algebra 15 
Calculus 30 
Geometry and Trigonometry 50 

AND 

NE22 Industria 1 Control System Elements 5 
Control and Transducers 20 
Instrumentation Signal Conditioning· 10 
NIII. Controllers 10 

( 1 • 0) Actuators 10 
Indicating and Recording Devices 30 
Control and Instrumentation Systems 15 

OR 

NE21 Digital System Faults in Digital and Computer Systems 15 
Fault Finding NIII Equipment used in Fault Finding 10 

( 1 • 0) Location of faults in dtgital and 
computer systems 35 
Fault local assignments 40 

AL TERNATI VEL Y 

NE19 Software Design Software in real-time applications 10 
Methods N Program methodology and design 15 

(2.0) Strucuture programming for real-time 
applications 5 
Structured programming 20 
Program implementation 40 
Program identification 10 

AND 

NE20 Microprocessor Interface concepts 20 
Interfacing NIII Interface implementation 20 
( 1 • 0) System implementation 60 

Practical Modules 1 NE Electronics Workshop 
2 NE Mechanical and production Workshop 
3 NE Microprocessor/Computing Workshop 
4 NE Electrical Workshop. 
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WALSALL COLLEGE OF TECHNOLOGY 

ELECTRONICS SECTOR 

BTEC HIGHER NATIONAL CERTIFICATE 

IN ELECTRONICS SCHEME OF UNITS. 

MATHEMATICS NIII (1,0 UNIT) 

ELECTRICAL PRINCIPLES H (1.0 UNIT) 

ANALOGUE ELECTRONICS H (2,0 UNITS) 

DIGITAL ELECTRONICS H (2,0 UNITS) 

MICROELECTRONIC SYSTEMS H (2,0 UNITS) 

PROJECT H (1,0 UNIT) 

INDUSTRY AND COMMUNICATIONS (1,0 UNIT) 



/ 

8~:: '-EGHEO< :~ATIONAL CERTIF:CATE !.~ (ELECTR:CAL 1117';1 

HEOZ 

HE03 

ELECT~ON!C APPL!CAT:ONS) ENGlNEER!~G 

UNU ~!TLE 

~ldthemat1cs Niri 
': J .0) 

industrial Studies H 
11.0) 

Electrical l Electronic 
Pr1nc1plts H 11.0) 

C~~TENTS SUMMARY 

I. Ccmt~lex .~uml:lers (Carttsian and ?oiar F'~M!) 

z. ~atrtces and Oeterminants Algebra. 

J, E.xoonent1al series. 

4. irfgonometry (Waveforms, Comcound angle 
fOI"I':IUlat) 

S. Oifferentfal Calculus (Sums, products an4 
quotient rules, Maximum Hfnimum rules. 

6. tntegral Calculus firigonometrtcal and 
!lloonenti a. I functions. l ( BouMary 
i imitations). 

7. Solution of 1st order Oifferenttal 
Equations. 

8. Statfstfcs (Mean, medfan, ~ode, ~evtattcn.J 

1. Estimating and rendering 

2. Contract documentation • 
• 

3. Forward Planning 

4, Finance and Accounts. 

S. Marketing 

6. Management of Pe~sonnel. 

1. Complex analysts of stngle phase ctrcutts. 

2. Ctrcuft Theo~y 

J, Compltx WIVtfOrntS 

4. Powe~ T~ansmtsston ~fnts 

S. Unbalanced l·phast Load analysts. 

6. Energy T~ansftr (Eleet~o-Therrnal~ 
Hechantc:al transfer). 

7. Progertfes of Conducting, liagnetfc: and 
ditlectrtc materials). 

HE04 Ofst~fbutton of Electrical 1. S~ftchgear. 
Energy H. 

HEOS 

(1.01 z. Symmetrical and Asymmetrical Faults. 

Electrical Engineering 
Servtces. H. 
11.0) 

3. Earthing. 

4. :ndustrtal Ofstrtbutton systems, 

S. Protection relays and devices. 

6. Testing. 

I. Arttftcial lighting systems. 

z. Atr condtttontng systems. 

J, Refrigeration plant. 

4, lndfrect resistance heating. 

5. Ofrect resistance heating 

6. !ncuctton heating, 

7. Ofelectric heating 

a. ."!fcrowave heating. 

9. Energy tlanagement. 



"E06 

"E07 Electrical Machines H. 
11.01 

HE08 Power Control Systems ~. 
11.01 

HE09 Htcroelectrontc 
Appltcattons H. 
11.01 

HETO MeasureMnts ll"!d 
Testing H. 
11.01 

~s #ar 11 oract1cal, this Project unit wtll 
be "elatecto <;ht Industrial activity in which 
tht student ;s involv~. rypical 'reject ~ay ,. 
1o :estgn. 

Zo :estgn and .11ake. 

lo :nvtstigattonal. 

4o ~eatstgn and modify. 

5o ::ri'C:IIri sons. 

5o :.-:strument.!ltion, 

::::.:. 

1. ~nase transformers. 

z. l 'nase ~nductton motors and control. 

lo Synchronous machines and control. 

4o ~r1vt Dynamics and control. 

·. 
I. ;;ntrol system theory. 

Zo s:.aoiltty of Control systems. 

lo Soeed Control Systems. 

4o =osttton Control Systems. 

50 ·emoeraturt Control Systems. 

5o ~evet Control Systems. 

7 0 FTow Control Systems. 

1o Syst~ specifications. 

Zo Transducers. sensors and actuators. 

lo :nterfactng, 

4o ~tcroco~uttr Control. 

5o ~rogrammablt Logic Control. 

5o ~~ult Otagnosts. 

I. ~~ilosopny of resting and Measurement. 

Zo '.:se of baste test equipment. 

lo Specialist measuring equipment. 

4o :ata processing. 

5o ·est procedures. 

• 
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r,:, /lc-::r:r::::l Business & Technician 
L.:J/IIUI..::lll.:l Education Council 

Unit NIUIIber 
U8613Z9 

Stuulard. Unit 

Ullit title 

Value 

Leamillg 
support time 

Level 

Co-reqaisites 
(to be lt1ldied 
in parallal) 

SIUIUII&lT of aims 

TeacbiDgneamlllg 
strategies 

Electrical and Electronic Principles 

As a guide, it is estimated that the material included in the bank is equivalent to 
three units (3.0). 

The whole, therefore, represents 180 hours of study in respect of a part-time course 
(where it is complemented by work-based experiential learning) with up to Z70 
hours in full-time courses. 

N 

Mathematics F, Science For GCE '0' level Mathematics, Physics for Nil objectives. 
Appropriate Nil objectives in Mathematics and Electrical and Electronic Principles 
for NUl objectives. 

None 

None 

Users must formulate and list aims appropriate to the combination of material 
selected and in relation to other units and the aims of the programme. 

1 A practical investigative approach to learning should be adopted wherever 
appropriate. Prediction of performance followed by evaluation of and 
comparison with results of practical tests is to be preferred to the sterile 
'verification" of well known laws. 

Z The relevance of material from this unit to the technological units which it 
supports should be stressed. 

3 Measuring Insuurnents and Measurements 
Principal ob]ecttve 2Z is compulsory in all Nil Level and Principal objective 23 
is compulsory in all NUl Level units built up from this bank. If material from the 
bank is integrated with other technological units, sections ZZ and 23 must be 
included. 

lt is expected tha~ as a rule, sections ZZ and 23 will be fully integrated with 
other material selected. Practical measurement skills, good practice and 
correct use of instruments should be emphasised and a clear distinction should 
be drawn between accuncy, precision and resolution. 

4 Circuit Theozy 
lt is expected that. although section A will normally be introduced in relation to 
d.c., its application to a.c. circuits will also be illustrated following completion 
of the necessary prerequisite objectives. 

1 
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B/TEC 
Business & Technician 
Education Council 

Co 11 ege Ref. N06 · 

Unit Number 
UB6/329 

Unit Title ELECTRICAL AND ELECTRONIC PRINCIPLES 

1.5 Value . 

Level N III 

Special Notes 1. 

2. 

The content for this unit together with relevant 
learning support time is detailed below. 

The content used is 

*delete *fdxxxxiXRIIIIl<illllmMUxii8IXIdclxJOi:dllle:;"dlendaox:bxxl t. 
as 
applicable *(b) an amended version extracted from the identically 

titled standard bank of objectives • 

. •. 
!DENT!· TITLE OF SECTION PRINCIPLE SPECIFIC LEARNING 
FICATION OBJECTIVE OBJECTIVE SUPPORT 
LETTER No. LETTERS TIME S . 

F Sinqle Phase A.C. Circuits 9 1 - m I 
I 

10 a - 1 l . 20% 

11 a - c ll 
' 

G Three-chase Circuits 12 a - i 12.5% 

H Circuit Theorems 13 a - " . 1'. ~I( . 
I D.C Transients 14 a - ~ 15% 

K ll >inn l•dnn 1,; ~ - h I l 

17 . a_ -. f l T<;'l! 

M Control Princioles . 19 a - e I l 

?0 ~ - .t. q 1<;1! 

21 ~ - f . ~ 
N Measuri nq Instruments & Measurements_ ?~ ~ - i l IQ,, 

. . •. , ·-... 

Assmm ~nt: 50°1, l),;t 1 rnte"""c. +'" e Ass,,,.;,~ '"ts 
5o'!, End of f)ni t te..sT 



Teaching/learning 
strategies 

Assessment scheme 

Special notes 

2 

~-- ___ ...-__ -

Electrical ancl Electronic PriJiciples N 
US&/329 

5 Electric Fields and Capacitance/Magnetic Fields 

6 

7 

8 

9 

With reference to sections B and C, it is expected that analogies will be drawn 
between corresponding electric and magnetic field parameters. The analogy 
may be extended to conduction fields for the more advanced student if time 
pennits. 

Magnetic Fields and Electromagnetism 
The approach to sections C and D could be substantially investigative, centred 
round tests on a ferromagnetic core wound ~th one or more coils. 

Single-phase A. C. Circuits 
Either a phasor diagram/trigonometrical approach or a j-operator approach 
may be used in section F. If the latter approach is adopted, it is expected that it 
be non-mathematical, treating j merely as an operator which rotates phasors by 
90°, unless the appropriate mathematical underpinning has been well 
established. 

D.C. Transients 
It is expected that the stuclent should be familiar with the derivation of the 
equations for exponential growth and decay but that he/she should not be 
required to reproduce the proofs. 

Electrical Machines 
Section J should be selected uniess it is to be covered by similar objectives 
elsewhere. Teaching/learning should emphasise performance of tests and 
evaluation of results. Students should be introduced to the potential for 
modifying inherent characteristics presented by modem electronic drives. 

I A minimum of 30% of the assessment should be based on practical laboratory 
and/or assignment work. 

2 The assessment of principal objectives 22 and 23 Measuring instruments and 
Measurements should be almost entirely by practical activity. 

Objectives 22 and 23 may be assessed as discrete objectives or their 
assessment may be integrated with the assessment of other objectives. 

3 It is expected that the stuclent will report a proportion of his practical activity by 
formal and informal. written and oral means. This may provide a basis for the t) 
assessment of practical skills and of communications skills. However, as far as 
is possible, evaluation of these two activities should be decoupled, as should 
the resulting feedback to the stuclent 

I This unit comprises a bank of material from which centres may select principal 
objectives and associated indicative objectives as required. 

2 The material may be packaged as discrete units (half, single or double) or may 
be integrated into other centre-devised technical units as required. in either 
case, choice of material must be reflected in the unit aims and in the 
assessment analysis. 

3 In selecting material to meet course specifications it may be helpful to note the 
ascribed levels: 

NU Level 

N!llLevel 

Objectives I, 2, 3, 4, 5, 6, 7, 8, 9, 16, 17, 19, 22. 

Objectives 10, 11, 12, 13, 14, 15, 18, 20, 21, 23. 



t 

Electrical and Electronic Pl'!nciples N 
U861329 

Special notes Material at differing levels may be aggregated to form N Level units but the 
interests of students aspiring to entry to higher education may be best served 
in the shon term by a clear distinction being drawn between units formed of 
objectives substantially at NII Level and units formed of objectives substantially 
at Nlll Level. 

4 Centres are required to indicate the approximate learning suppon time 
required for each major section of material selected 

3 



Section 

A Circuit theory 

- l 
B Elec:tric fields 

and capacitance 

C Magnetic fields 

4 

Principal Objectives 

Electrical ancl Electronic Principles N 
US&/329 

plus indicative content or specific objectives 

I Applies circuit theory to the solution of simple circuit problems. 

a Applies Ohm's Law to the solution of problems relating to series-parallel 
combinations of resistors. 

b Derives and applies the concept of proportional voltage and current 
division in circuit analysis. 

c Applies Kirchhoffs Laws to problems involving not more than two 
unknowns. 

2 Applies the fundamental laws and properties of electric fields to problems 
involving capacitors. 

a Introduces the concepts of electric field and electric nux to explain the 
forces of artraction and repulsion between charged bodies and defines 
electric field strength, potential and potential difference in rerms of force 
and work done on a Wlit charge. 

b Expresses field strength in terms of potential gradient 

c Establishes the relationship between electric field strength and electric 
nux density and defines relative pennittivity and pennittivity of free space. 

d Defines capacitance as the constant of proportionality between charge and 
potential difference and establishes the relationship between capacitance 
and the physical dimensions of a pair of parallel plates. 

e Derives expressions for energy stored by a capacitor. 

f Solves problems relating to Wliform fields in single dielectrics involving the 
relationships established in a to e. 

t) 

g Deduces expressions for the equivalent capacitance of capacitors f) 
connected in series and parallel, solves simple problems and compares 
predicted and measured values for series and parallel capacitor 
combinations. 

h Identifies and distinqulshes between capacitors of differing construction 
and characteristics and relates dielectric strength to working voltage. 

3 Applies the fundamental laws governing magnetic fields to the solution of 
problems relating to magnetic circuits and materials. 

a Introduces the concept of the magnetic field and magnetic nux to explain 
the forces of attraction and repulsion between magnetised bodies and 
defines magnetic field strength, 

b Establishes the relationship between magnetic field strength and magnetic 
flux density and defines relative permeability and the permeability of free 
space. 



C Magnetic fields 

D Electromagnetism 

• 

c 

Electrical and Electronic Principles N 
'1186/329 

c Investigates the effect of the core material on the performance of an 
electromagnet, compares magnetisation characteristics of typical 
ferromagnetic materials obtained by measurement, and deduces the range 
of values of relative permeability. 

d Relates magnetomotive force, reluctance and magnetic field strength and 
solves problems involving magnetic circuits having not more than a single 
change of dimension, material or air~gap using data from magnetisation 
curves. 

e Displays hysteresis loops on a CRO and observes the effects of variation of 
magnetic material and magnetic field strength. 

f States that hysteresis loss is proportional to the area of the loop and 
explains the importance of hysteresis loss for a.c.-excited devices. 

4 Applies the fundamental principles of, and laws governing electromagnetic 
induction. 

a Explains the motor principle in terms of the interaction between a magnetic 
field and a current-carrying conductor and applies the relationship F = Bli 
to simple situations. 

b 

c 

Observes the production of induced voltage and describes it as due to 
change in nux linkage. 

Establishes the relationships E = Blv and E = N d<b 
dt 

and uses them to solve simple problems. 

d Explains the historical and technical significance of Faraday's and Lenz's 
Laws. 

e Describes the concept of eddy currents and eddy current loss, explaining 
their significance under conditions of a.c. magnetisation. 

5 Understands the concepts of self- and mutual-inductance and relates these to 
the transformer principle. 

a 

b 

c 

d 

e 

f 

Defines self-inductance of a coil in terms of the proportionality of flux 
linkages and current in a linear magnetic medium and describes the 
producnon of induced voltage due to change in flux linkages. 

Deduces and applies the relationship L = N
2
and E = L did' s t 

Defines mutual inductance and describes the production of induced 
voltage due to change of mutual flux linkage. 

Describes the transformer principle in terms of Lenz's Law and induced 
volts per turn, deducing the effect of turns ratio on voltage ratio. 

Deduces that energy stored in an induct or is YaLI2• 

Solves problems on self-inductance, mutual inductance and the 
transformer principle. 

5 
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E Alternating 6 Displays wavefonns and detennines the main parameters used to describe and 
voltage and measure them. 
c:urrente 

a Defines the tenns amplitude, period, frequency, instantaneous, peak-to-
peak, r.m.s., average in relation to alternating (sinusoidal and non· 
sinusoidal) and unidirectional wavefonns and uses an oscilloscope to 

· display and measure these parameters. 

b Defines form factor and detennines the approximate average and r.m.s. 
value of given sinusoidal and non-sinusoidal wavefonns. 

7 Uses phasor and algebraic representation of sinusoidal quantities. 

a Defines a phasor quantity. 

b Detennines the resultant of the addition of two sinusoidal voltages by 
graphical and phascr representation. 

c Explains the phase-angle relationship between two alternating quantities. 

d Defines a sinusoidal voltage in the form f) 
V= Vmsin(wt + cj>), 

e Detennines current from the application of sinusoidal voltage to a resistive 
circuiL 

f Interrelates graphical, phasor and algebraic representation in the 
determination of amplitude, instantaneous value, frequency period and 
phase of sinusoidal voltage and currents. 

g Detennines power in an a.c. resistive circuit from given data. 

a Relates the concepts of a. c. theory to an elementary treatment of half- and 
full-wave rectification. 

a Defines the elementary principles of half- and full-wave rectification as the 
conversion from alternating to uni- directional voltage by the application of 
simple switching. 

t) 

F Single phase 9 Uses a.c. circuit theory to solve simple series a.c. circuit problems. 
A.C. drc:Dite 

a Draws the phasor diagrams and related voltage and current wavefonns for 
circuits comprising: 

• pure resistance 

• pure inductance 

• pure capacitance . 

b Describes inductive reactance and capacitive reactance in tenns of 
impeding the flow of an alternating current and uses baste relaoonships to 
solve simple problems. 

c Draws phasor diagrams corresponding to L-R and C-R senes ctrC'JJts. 

d Defines impedance as Z = VII. 

6 
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e Derives impedance triangles from voltage triangles and shows that 
Z2 = R2 + X2 and that Tan <!> = XIR, Sin <b = XIZ and Cos <!> = RIZ. 

f Applies equations in d and e to the solution of single branch L-R and C-R 
series circuits at power and radio frequencies. 

g Shows graphically that where currents and voltages are sinusoidal: 

• for a purely resistive a.c. circuit, averag'!l power is VI 

• for a purely reactive a.c. circuit, average power is zero 

• for a resistive/reactive a.c. circuit, average power depends upon 
phase angle. 

h States that P = Vl Cos <b for sinusoidal wavefonns. 

k 

Derives the power triangle from the voltage triangle and identifies true 
power (P), apparent power (S) and reactive voltamperes (Q) . 

Defines power factor as trUe power/apparent power and show that where 
V and I are sinusoidal, power factor = Cos <!>. 

Explains that power dissipation in series L-R and C·R a.c:circuits is 12R. 

Uses phasor diagrams to solve simple series L. C and R a.c. circuits. 

m Defines series resonance as occurring when the supply voltage and 
current are in phase and sketches a phasor diagram showing that: 

• V = V at resonance 

• V and V may be much greater than the supply voltage. 

10 Applies a.c. circuit theory to the solution of parallel network problems 
including resonant conditions. 

a Draws the phasor diagram for a 2-branch parallel circuit with C in one 
branch and only 

• L 

• L-R 

• R 

in the other branch. 

b Determines the current in each branch of the circuit in a and determines 
the sum of the branch currents. 

c Determines the impedance of the circuit referred to in a and the voltage, 
current and phase angle. 

d States the conditions for resonance in a parallel circuit with L and R in one 
branch and C only in the other. 

e Derives and applies the formula for the frequency of series resonance. 

1 
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g 

h 

Electrical and Electronic Principles N 
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Applies the exact and approximate fonnulae for the parallel resonance 
frequency. 

Defmes Q-factor as the voltage magnification in a series circuit and as the 
current magnification in a parallel circUit 

Detennines the power dissipated in simple series and parallel circuits. 

Corrects the power factor of a given circuit to unity and explains why this 
might be desirable in practice. 

Explains the use of resonant circuits to select and amplify signals. 

k Measures and sketches response curves of tuned circuits. 

Measures bandwidth and explains the effect of variation of component 
values upon bandwidth. 

11 Understands the function of simple filter and attenuation circuits and measures 
steady-state response to an a.c. input 

a Defines attenuation and the decibeL 

b Describes the function of the following circuits: 

• highpass 

• lowpass 

• bandpass 

• bandstop. 

c Measures the response of simple L, C and R filter circuits and of simple 
resistive attenuation circuits. 

12 Applies the basic theory of balanced three-phase circuits to the solution of 
problems. 

a Describes the nature of, and explains the reasons for a three-phase supply 
network, with reference to the National Grid distribution system. 

b Explains the need for star and delta connections for power distribution and 
distinguishes between delta and star (3- and 4-wire) methods of 
connection. 

c Uses the basic relationships between line and phase quantities under 
balanced conditions to solve simple problems. 

d Explains that the power dissipation in a three-phase load is the sum of the 
single-phase powers and that the power in a balanced three-phase load is 
v·3 V LINE !LINE Cos <1>. 

e Measures power in balanced and unbalanced three-phase loads using I, 2 
and 3 wattmeters and uses the two-wattmeter method to estimate power 
factor of a balanced load. 

Shows by phasor diagrams that the sum of line or phase currents in a 
balanced system is zero. 

f) 

I) .I 
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g Draws phasor diagrams to explain positive and negative phase sequence. 

h Calculates neutral current in a simple unbalanced 4line system. 

Shows by phasor diagrams that circulating voltage is twice line voltage in 
an incorrectly closed Delta system and explains the practical significance 
of the result. 

13 Applies circuit theorems to the solution of de and a.c. circuit problems. 

a Applies the Principle of Superposition to the solution of circuit problems. 

b Explains the ideal concepts of constant current and constant voltage 
sources. 

c Deduces constant current and constant voltage equivalent circuits for 
practical sources and converts from one type of equivalent circuit to the 
other. 

d Solves simple problems using Thevenin's and Nonon's theorems. 

e Applies simple circuit-reduction techniques. 

f Applies the maximum power transfer theorem for resistive loads and gives 
examples of practical sources to which the maximum power transfer 
theorem is applicable. 

g Derives the turns relationship for transformer matching and applies it to 
problems. 

14 Predicts transient behaviour of simple L-R and C-R circuits. 

a Explains how the current and capacitor voltage in a series C-R circuit 
which is connected to a de. source vary with time. 

b Sketches the curves for the variation of voltage and current with time for 
each of the components in a series C-R circuit when the capacitor is: 

•. charging 

• discharging. 

c Defines the time-constant of series C-R and L-R circuits. 

d Predicts the growth and decay of the component voltage or current in a 
series C-R circuit after the commencement of: 

• charging 

• discharging 

and compares with measured values. 

e Explains the growth and decay of current and voltages in a series L-R 
circuit. 

9 
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f Sketches curves for the variation of voltage and current with time for each 
of the components in a series L-R circuit after the circuit has been: 

• connected to 

• disconnected from 

a de. supply. 

g Calculates the component voltage or current in a series L-R circuit after the 
circuit has been: 

• connected to 

• disconnected from 

a d.c. supply. 

h Demonstrates the effect of circuit time constants on rectangular waveforms 
using an oscilloscope and relates waveforms to simple concepts of 
integration and differentiation. f) · 

15 Understands the principles of rotating machines and evaluates their 
characteristics. 

a Explains that: 

• motors convert electrical energy into meclwlical energy 

• generators convert mechanical energy into electrical energy and 
explains how E = Blv and F = BLi apply to both motors and generators. 

b Labels on a given diagram the essential parts of a de. machine and 
describes with the aid of diagrams the rectifying/inverting action of a 
simple commutator. 

c Explains that the relationships: 

• T = le, I,d> 

• E =""=(internal volt drop) 

apply to motors and generators and solves-problems using these 
equations. 

d Lists and explains the principal losses of machines, performs tests to 
determine losses and calculates efficiency. 

e Sketches and explains the idealised load characteristics for shunt and 
series wound de. motors and generators using the equations of c above. 
Compares sketches with characteristics obtained from tests. 

Explains the need for and uses a de. motor starter. 

g Identifies d.c. motors as variable speed machines and operates motors on 
load over a range of speeds. 

1)) 
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h Describes how a symmetrical polyphase supply applied to a symmetrical 
polyphase winding produces a resultant travelling !ield of uniform 
magnitude and explains how a rotating !ield induces current in conducting 
rotor and produces torque in an induction motor. 

Performs a load test on a 3-phase induction motor and explains why slip 
increases with load. 

Explains the principle of stepping motors. 

16 Understands how electrical signals convey information. 

a Appraises the systems and media available for the transmission of 
information by electrical means, eg radio, television, telephone. 

b Explains the difference between d.c. and a.c. signals. 

c States the practical applications and limitations of d.c. signals. 

d Identifies the following terms in relation to d.c. and a.c. signals by 
reference to waveforms displayed on a CRO: 

• frequency 

• amplitude 

• wavelength 

• period 

• velocity 

• digital 

• analogue 

• modulated 

• complex. 

e Explains the information-carrying properties of frequency and amplitude. 

Explains and demonstrates the relationship between sound waves and 
analogue electrical signals. 

g Explains and demonstrates the relationship between digital information 
and its digital electrical signal. 

h Uses a carrier to convey information. 

17 Understands the principles of digital information transmission. 

a Contrasts the basic characteristics of analogue and digital transrruss1on 
systems with respect to siqnal'noise ratio and explains why unrnodJfied 
digital data cannot be transmitted directly over an analogue transrrussion 
system. 

b Describes the data formats of digital transmission as: 

ll 



K Information 
transmission 

L MoclulaUoa 

12 

• serial 

• paralleL 

Electrical and Electrollic Principles N 
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c Describes the two fonns of serial transmission as: 

• asyncl1ronous 

• synchronous. 

d Describes the features of a typical protocol for: 

• asyncl1ronous transmissions eq RS232 

• syncl1ronous transmission eq HDLC. 

e Describes typical data network configurations: 

• ring 

• star 

• mesh 

• tree. 

f Describes features of: 

• local area networks 

• wide area networks. 

18 Understands amplitude, frequency, phase and pulse modulation. 

a Describes modulation as the process of superimposing information on a 
carrier. 

b States that modulation is a process whereby some characteristics of a 

f)'l 

carrier wave are varied by another wave. ),) 

c States the relationship between baseband signal and carrier frequency. 

d Displays waveforms of and identifies: 

• a modulated carrier 

• an amplitude modulated carrier 

• a frequency modulated carrier 

• a pulse modulated carrier 

• a phase modulated carrier. 

e Draws and labels pulse and sine-wave amplitude modulated wavefonns. 

f Explains the tenns modulation index as applied to an AM waveform and 
observes the effect of overmodulation. 
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g States that de-modulation is the reverse process of modulation and 
demonstrates the process. 

h States that frequency modulation is the technique of varying the frequency 
of a carrier wave and sketches an FM waveform. 

Compares an FM waveform with the waveforms of the urunodulated carrier 
and of the audio signal by reference to a CRO display. 

Explains the terms: 

• frequency deviation 

• frequency swing 

• modulation index. 

k Explains the function of a filter. 

Compares AM with FM in relation to: 

• bandwidth 

• power 

• signal to noise ratio. 

m Explains how phase modulation occurs when the phase of a carrier varies 
directly in proportion to the amplitude of a modulating signal. 

n Explains how an analogue signal can be transmitted as a series of pulses 
without loss of information and displays a pulse-modulated signal. 

o Shows how pulse-modulated signals can be coded and transmitted as 
pulse-code modulated signals. 

19 Compares the performance of simple open-loop and principles closed-loop 
control systems and predicts the effect of system parameters on system 
behaviour. 

a Selects an example of a control system employed in: 

• an engineering situation 

• a non-engineering situation 

and explains its purpose and operation. 

b Defines and compares the advantages and disadvantages of open-loop 
and closed-loop control systems, referring to practical examples eg 
temperature controL 

c Derives the closed-loop transfer-function of a simple control system, 
ignoring the effects of the component time constants. 

d Appraises the causes and problems of instability in closed-loop systems, 
referring to practical examples. 

13 
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e Observes the transient and steady-state behaviour of simple first-order 
systems and investigates the effect of gain and time constant on system 
response. 

20 Explains qualitatively the effect of commonly-used control strategies on the 
behaviour of a second-order control system. 

a Observes the behaviour of an underdamped second order control system 
and determines its steady-state and transi~nt performance. 

b Investigates the effect of damping ratio on system response, referring to 
underdamped, overdamped and critically damped systems. 

c Draws a block diagram of a simple control system, identifying transducers, 
controller, actuators and plant and describing the function of each. 

d Explains the use of: 

• proportional control 

• proportional + integral control 

• proportional + integral + derivative control 

and describes the improvement in system performance which results m 
each case. 

21 Understands how commonly-used control strategies can be implemented by 
analogue and digital means. 

a Explains how operational amplifiers can be used to implement the three 
control laws in 30. 

b Explains how a digital computer can be used to implement the three 
control laws in 30. 

c Assesses the advantages and disadvantages of using a digital computer as 
a controller. 

d Describes how the control laws of 30 can be implemented in the computer 

f)) 

software. )J) 

e Assesses the problems that can occur when processes are controlled by 
computer and identifies the requirements for sampling the system 
variables. 

f Describes examples of systems in which multiplexing is used to allow 
computer-control of large numbers of variables. 

22 Understands the operation and limitations of measuring instruments and uses 
them correctly in a wide range of basic applications. 

a Describes, with the aid of given diagrams, the principles of operation of 
moving coil instruments and explains the need for shunts and multipliers to 
extend the range of basic electrical indicating instruments. 

b Uses ammeters and voltmeters correc-Jy in d. c. circuit measurements. 
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c Describes with the aid of diagrams the principles of operation of an ohm 
meter and uses an ohm meter for the measurement of resistance. 

d Explains the need for rectifier instruments and states the frequency and 
waveform limitation inherent in moving coil rectifier instruments. 

e Uses electronic and moving-coil multimeters correctly for the 
measurement of I and V in de. and a.c. circuits. 

f Uses a wattmeter. 

g Uses double beam CRO in direct and indirect measurement of a.c. and d.c. 
voltages and to measure period and frequency. 

h Describes the principle of a null method of measurement. 

Describes with the aid of a diagram the principle of the Wheatstone bridge 
and uses a Wheatstone bridge to measure resistance over a wide range. 

23 Assesses errors inherent in instruments and measurement methods and 
performs more complex measurements of electrical quantities. 

a Makes dB measurements and explains the use of dB. 

b Predicts and measures the loading effects and frequency characteristics of 
measuring instruments. ' 

c Uses a CRO to demonstrate the presence of harmonics in various 
waveforms. 

d Uses a CRO to measure sine, square and pulse waveforms and phase 
differences. 

e Predicts and verifies the effect of clistoned waveform on different 
detectors in electronic instruments and outlines the problems of 
interference to signal now in a measurement system. 

f Uses a commercial bridge for measuring inductance capacitance and 
Q-factor. 

g Calculates stmple errors due to the insertion of instruments. 

h Calculates the power consumed in instruments and load and applies 
corrections where appropriate. 

Uses digltal mstrUments to make measurements in digital circuits eg logic 
probe. log~c analyser. 

15 
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Unit Number 
136838 

BTEC-devised Unit 

Unit title 

Value 

Learning Support Time 

Level 

Prerequisites 

eo-requisites (to be 
studied in parallel) 

Exemptions 

Summary of alms 

Teaching and learning 
strategies 

E!c~ctromc Pnnc1ples. 

1 . 0 

Typically 60 hours in respect of a part-time course (where it is complemented by 
experience and learning at work ) with up to 90 hours in a full time course. 

H 

Electrical and Electronic Principles Nlll and appropriate Mathematics. 

None 

Noul' 

To develop students abilities to use Engineering Principles in the solution of 

engineering problems and applications through the systematic use of 
appropiate techniques for analysing, synthesising and evaluating. 

A practical investigative approach to learning should be adopted wherever 
appropriate. Prediction of performance followed by evaluation of and 
comparison with results of practical tests is to be preferred to the verification of 
well known laws. 

2 The relevance of material from this unit to the technological units that it 
supports should be stressed. 

3 Teaching staff should plan and coordinate the practical laboratory and/or 
assignment work !or this unit with that !or associated technological units. The 
practical work !or this unit should be integrated with practical laboratory 
and/or assignment work in associated technological units where this can be 
done to advantage. 

4 Complex Quantities- Section A provides the theoretical basis !or a. c. 
techniques used in other sections. The concepts in Section A should be 
illustrated by practical work in later sections. 

5 Circuit Theory and Two- Port Networks----Practical work illustrating 
the concepts in Sections B and C should be investigative. 

1 



TenchtnLJ .. 1nd l<~.Hntnq 
strategtes 

Assessment scheme 

Special Notes 

2 

Electronic Principles H 
13683 B 

6 Complex Waveforms, and , Transmission Lines- Students should fully 
understand the derivation of the various equations and their implications, but 
should not be required to reproduce the proofs. The subject should be taught 
within the framework or electrical engineering practice, and a series or 
mathematical problems for their own sake be avoided. In all sections, practical 
work should illustrate theory. 

7 

1. 

2. 

3. 

2 

The learning support time should be apportioned approximately: 

Section A 10% 
Section B 25% 
Section C 10°10 

Seclion D 1Q•Yo 

Section E 10% 

Section F 25'}v 
Section G 10% 

Assessment should reflect approximately the division of learning support timJ 

50% of tl1e «>>essment should be based on practical laboratory and 
assignment work. 

A formal end ·of unit test will be a component, accounting for 50% of the mark 

In Section G. Pnncipal Objective 14 is intended for students whose course 
needs are satisfied by the use of transmission line concepts to demonstrate the 
movement of signals in space and time. Principal Objective 15 is intended for 
those requiring a practical understanding of transmission lines and subsumes 
Objective 14. 

In Section G Principle Objectives, it is not expected that the general 
transmission line equations should be derived. It is intended that the 
expressions for A to D should be deduced using a statement of the general 
equations as the starting point. 

3 In objective 3f the package used may be for either matrix equation input or for 
circuit component and location input. 



Section Principal Objectives 
plus indicative content or specific objec!lves. 
The expected learning outcome is that the srudents: 

Electronic Principles H 
13683 B 

A Complex Quantities I Apply complex notation in single phase a.c. series, parallel and series-parallel 
circuits. 

B Circuit Theory 

a Calculate equivalent impedance and admittance of a. c. circuits in both 
rectangular and polar fonn. 

b Apply sinusoidal voltage and current driving functions, in both rectangular 
and polar form to a. c. circuits and derive the appropriate responses. 

c Calculate components for resonance and power factor correction. 

d Calculate real, reactive and apparent power in a.c. circuits from 
parameters expressed in rectangular and polar forms. 

2 Apply circuit-theory techniques to the solution of a.c. circuit problems. 

a Represent an energy source in its equivalent constant - voltage and 
constant - current generator forms and convert between each form. 

b Prove the condition for maximum power transfer for resistive source and 
load, applying it to the solution of problems. 

c Solve practical problems involving maximum power transfer for complex 
source and load where: 

• resistance and reactance are independently variable 

• impedance is variable at constant power factor. 

d State theorems, develop techniques and solve circuit problems using eg: 

• Thevenin's and Norton"s theorems 

• Star to Delta (T- -:r) and Delta-Star (" - T) networks 

• Mesh and Nodal analysis 

• Principle of Superposition. 

3 Analyse the operation of magnetically coupled circuits. 

a Define murual inductance and deduces that: 

e ~Mdi 1 M-N 002 M-N 001 ·M-K L 
2 dt' - 2 dit' - I di;' - \ ,L, 

where k is the coefficient of coupling. 

3 



C TwoPort 
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4 

Electronic Principles H 
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b Describe the dot notation and deduce that, with a steady-stare s:r.CJsordal 
a.c. supply, E2 ~ ±jwMI. 

c Deduce the values of secondary impedance coupled in s;;nes ·mrh the 
primary circuit where: 

• 

• 

w'm' k<l·-­. z, 
N' a loss-free transformer is used: N:' ZL 

d Deduce equivalent circuits for a transformer that include the effec:s cf 
resistive and reactive features. 

e Solve problems that involve magnetically coupled circuits with complex 
loads. choosing and justifying the most appropriate circuit model. 

Design and perform experiments to test aspects of the circuit theory in a-e. 

4 Apply syrrunetrical two-pon nerwork models of active and 
passive networks to the solution of practical problems. 

a 

b 

c 

Explaln the basis and advantages of a syrrunetrical two-pon model. 

Define the terms characteristic impedance and propagation coefficient, 
using an infinite number of networks, and illustrates that z .. ~ Zo when ZL ~ 
z,. 

Deduce and apply the relationships. 

I ;;:: V =e.,= eu+JB = e"Ln.... 
_,._ -· IR v. 
defining the neper and relating it to the dB. 

d Deflne and determine insenion loss. 

5 Design symmerncal anenuators. 

a Draw c:rcwt diagrams forT and rr attenuators and derive expressions for 
Ro and " m terms of components. 

b Design anenuators to specification. 



Electronic Principles H 
13683 B 

D Complex Waveforms 6 Explain the nature of complex waveforms and solves circuit problems 
involving complex waves. 

a Explain that the instantaneous value of a voltage for a complex wave is: 

v = V0 + V1 sin (wt + .,,) + V2 sin (2tot + 0z) + ... 

b Develop an expression for the instantaneous value of current flow in 
resistive, R-L, R-C and R-L-C circuits. 

c Determine conditions for selective resonance and explain its uses and 
dangers. 

d Determine the power dissipation in circuits of b above and defines power 
factor. 

e Determine the r.m.s. value of a complex waveform. 

f Explain how devices produce complex waveforms and why they may 
contain a limited range of harmonic components. 

E Motion of Chazged 7 Apply basic electron ballistics relationships. 
Particles in Electric 
and Magnetic Fields a Determine the expression for the force experienced by a moving charge 

F Transmission Lines 

in: 

• an electric field 
• a magnetic field. 

b Determine the path traced by a moving charged panicle in: 

• an electric field 
• a magnetic field 
• combined electric and magnetic fields. 

c Apply the principles of a and b to the description of practical applications 
in the generation, deflection and focussing of electron beams. 

8 Use seconda.ry constants to determine signal behaviour on correctly­
terminated transmission lines_ 

a Determine expressions for Zo and -y in terms of primary constants. 

b Explain that ~ = a + jll and illustrate the effect of" and ll on line 
performance. 

5 
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c Deduce that the velocity (phase) of propagation of a signal along a line is 
given by<y, 

d Deduce the conditions for a distortion-free line. 

e Predict the circuit response of a matched line and compares with results 
from practical tests. 

9 Determine signal behaviour on transmission lines terminated with a general 
impedance. 

a Deduce the general transmission line equations in terms of distance and 
time. 

b Develop the equations in a and deduce: 

• expressions for Z0 , -y and velocity of propagation 
• an expression for determining the magnirude and phase of a signal 

propagation along an infinite line 
• the general solution of a line terminated with any impedance 

• input impedance of a line terminated with a general impedance 
• voltage and current at any point on a line terminated wiih a general 

impedance. 

c Explain the essential characteristics of and determine relevant equations 
for: 

• distortion-free 
• loss-free 
• low-loss 
• low-frequency signal 

transmission lines. 

d Analyse mismatch on transmission lines and: 

• determine voltage and current reflection and transmission coefficients 
• explain the production of standing waves 
• determine the voltage standing-wave ratio and positions along a lme 

for maximum and minimum signal strength. 

e Solve practical problems involving the concepts in b, c and d. 

10 Demonstrate systems using loss-free transmission lines. 

a Deduce an expression for a quarter wave-length transformer ar.d explains 
its use in relation to eg: 

• line supports 
• rotating joints 
• line-to-line matching. 

b Deduce the conditions for stub matching. 



G Properties of 
Magnetic ar&d 
Dielectric Materials 

Electron.ic Principles H 
13683 B 

11 Assess the magnetic properties of materials commonly used in electrical and 
electronic engineering. 

a Categorise materials as: 

• ferro-magnetic 
• diamagnetic 
• paramagnetic. 

b Explain what is meant by hysteresis and eddy current losses in ferro­
magnetic materials and describes the factors that influence their 
magnitude. 

12 Assess the dielectric properties of materials commonly used in electrical/ 
electronic engineering. 

a Assesses the suitabiliry of a range of common dielectric and insulating 
materials in terms of eg: 

• surface resistiviry 
• volume conductiviry 
• permittiviry 
• thermal characteristics 
• mechanical characteristics. 

b Explain in simple terms the physical basis of energy loss in dielectric 
materials and deduce an equivalent circuit model for a lossy capacitor. 

c Use the model of b to explain the term loss angle, S, and to deduce an 
expression for dielectric loss. 

d Deduce how & and dielectric loss vary with temperature and frequency. 

7 
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Mental age 
Period Stage range in 

years 

Sensori-motor ~ I Sensori-motor 0-2 

Preparation for, 11 Pre-operational 
and use of_ (A) Pre-conceptual 2--4 
concrete (B) Intuitive 4--7 
operations Ill Concrete operations 7-11-!-

Formal operations IV Formal operations 11-!--

TABLE 3.1 - OUTLINE OF PIAGET'S STAGES OF DEVELOPMENT 
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Char ,,.c ter is t .ics 
0 2 years No internal thinking process. Recognises 

different objects. 

2 4 year-s Beginning of symbolic thought. 

E:<perimenting. 

Egocentric. 

Cannot handle multiple characteristics. 

Has concept of object. 

4 - 7 years More use of symbols. 

Concept of class and relation between 

classes. 

7 - 11 year-s Thought becomes more vigor-ous. 

Begins to gener-alise. 

11 - 15 years Abstract thinking. 

Ratio reasoning. 

Is spontaneously aware of his a.•n 

thinking. 

Classification. 

Making deductions. 

15 year-s Can generalise to all situations. 

The existence of a maturation unfolding of conceptual skills 

being linked with certain periods in the lives of children has an 

obvious bearing on curriculum planning. 

TABLE 3.2 BORK'S CLASSIFICATION OF DEVELOPMENT 
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A) STIMULUS -RESPONSE LEARNING } 
BASIC FORMS OF LEARNING 

B) CHAINING (MEMORY ASSOCIATION 

C) DISCRIMINATION 

D) CONCEPT FORMATION INTELLECTUAL SKILL 

E) RULE LEARNING 

F) PROBLEM SOLVING l COGNITIVE STRATEGIES 

VERBAL INFORMATION LEARNING 

MOTOR SKILLS 

ATTITUDES 

FIGURE 3.2 - GAGNE'S HIERARCHY OF LEARNING PROCESSES 

INTERNAL PROCESSES OF LEARNING 
AND THE EXTERNAL INSTRUCTIONAL EVENTS 
THAT MAY BE USED TO SUPPORT THEM 

INTERNAL LEARNING 
PROCESS 

1. Alertness 
2. Expectancy 

3. Retrieval to working 
memory 

4. Selective perception 

5. Semantic encoding 
6. Retrieval and 

responding 
7. Reinforcement 

8. Cueing retrieval 
9. Generalizing 

EXTERNAL 
INSTRUCTIONAL EVENT 

1. Gaining attention 
2. Informing learner of 

lesson objective 
3. Stimulating recall 

of prior learning 
4. Presenting stimuli wllh 

distinctive features 
5. Guiding learning 
6. Eliclllng performance 

7. Providing Informative 
feedback 

8. Assessing performance 
9. Enhancing retention 

and learning transfer 

FIGURE 3.3 GAGNE'S INTERNAL PROCESSES OF LEARNING AND THE 

EXTERNAL INSRUCTIONAL EVENTS THAT MAY BE USED TO SUPPORT THEM 
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1. Subord1nate learning: 
A. Dem·at,\·e 

subsumption 
Established idea .A"" -----?1"\."' New - a0 a, Bz a3 a4 

In denvat1ve subsumption. new information a0 is linked to superordinate idea A and 
represents another case or extension of A. The cnterial attnbutes of the concept A are not 
changed, but new examples are recognized as relevant. 

8. Correlat1ve 
subsumpt1on 

Established idea 
_x 

/}\;' 
New-{ u \ 'w 

In conelat1ve subsumption, new information y is linked to idea X. but is en extension, 
modification, or qualificaltOn of X. The criteria! allnbutes of the subsuming concept may be 
extended or mo<M1ed with the new correlative subsumption. 

2. Superord1nate learning: New idea A- A 

,/ '"" Established ideas a, Bz a3 

ln'superord1nate learning. established ideas a1, a~. and JJ a1e recognized as more specific· 
examples ot new Idea A and become linked to A. Supcrordinate idea A is defihed by a new set 
of criteria! attnbutes that encompass the subordinate 1deas. 

3. Comb1natonal Learning: New idea A- B·C.D 

Established •deas 8 c D 

In comb~nJtouallearmng new idea A is seen as related to existing ideas 8, C. and D but is 
neither mofe 1nclusi"e nor more specific than ideas 8. C. and D. In this case. new idea A is seen 
to have some cnterial attflbutes in common with pre·existing ideas. 

4. Assimilat1on Theory: 

New inform<1110n is linked to relevant. pre-exrstmg aspects of cogmtive structure and both 
the newly aCQUIICd information and the pre·existing structure are mOdified in the process. All of 
the above forms of learning are examples of assimilation. Most meaningful learning is 
essentially the assimilation of new informatron. -------

FIGURE 3.4 -FORMS OF MEANINGFUL LEARNING AS VIEWED IN 

ASSIMILATION THEORY 

Mean1nglul ClalifteaUon of Well designed Scientific research 

learning relationships audio-tutorial (new music or architecture) 
between concepts 1nstruct1on 

lntermed1ate Lectures School laboratory Most routine 'research' 
or most teX1boOkS wo<l< "' rneaningtuln~Jss 

intellectual production 

Rote M:~ltiplication Applying formulas Tlial·and·error 

l&arning tables to solve problems 'puzzle' solulcons 

Reception Guided Autonomous 
learr'ung discovery learning discovery learning 

FIGURE 3.5 - AUSUBEL'S MATRIX MODEL OF LEARNING 
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------------------------------------- ----

Number of 
Errors 

Response Time 

Low High 

High IMPULSIVE 

Low REFLECTIVE 

TABLE 4.1 -RESPONSE TIME V ACCURACY 

SYLLABUS 

INSTITUTION 
decides time 

and place; 
chooses teacher(s) 

FIGURE 4.1 - THE STRUCTURE OF THE SYSTEM UNDERLYING THE 

TEACHER/INSTITUTION CENTRED APPROACH 
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---------------------------------------

COLLEGE LIBRARY RESOURCES 
CORRESPONDENCE CENTRE 

STUDY 
GUIDE 

TUTOR 
HELP 

SOCIAL 
CONTACT 

MEDIA 

WRITTEN 
MATERIAL 

INSTITUTIONAL 
ADMINISTRATION 

EXAMINATION 
BOARD 

PRACTICAL COUNSELLING 
FACILITIES VOCATIONAL 

· GUIDANCE 

FIGURE 4.2 - THE STRUCTURE OF THE SYSTEM UNDERLYING 

Post- test 
scores 

THE STUDENT - CENTRED APPROACH 

D1scovery 
learning 

Low 

Level of anxiety 

Structured 
learning 

High 

FIGURE 4.3 - EFFECTS OF ANXIETY ON PUPIL PERFORMANCE WITH 

CONTRASTING TEACHING STUDIES 
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E reflective 

'" 90 ,. • teachers 

'" -.t: 
" "' .... 
0 

80 

70· 

Impulsive 
students 

+ 
Impulsive 
teachers 

reflective 
students 

ARITHMETICAL SKILLS 

. ·---·-·-·-------

FIGURE 4.4 -ARITHMETIC SKILLS 

-c: ., 
E 
§! 80 .. -.c: 

" 70 "' .... 
0 6 0· .. 
"" ~50 c: .. + 

• 

+reflective 
teachers 

~ .. 
Q. ?. 

-------• Impulsive 
teachers 

Impulsive 
students 

reflective 
students 

SET LANGUAGE 

FIGURE 4.5 - SET LANGUAGE 
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Progr~~sive 

1 Integrated subject matter 

2 Teocher as guide to educational 
experience 

3 Active pupil role 

4 Pupils participate in curriculum 
planning 

5 Learning predominantly by 
discovery techniques 

6 External rewards and 
-punishments not necessJry, i.e. 
intrinsic motivadon 

7 Nor too concerned with 
conventional academic standards 

8 Little testing 

9 Accent on cooperative group 
work 

10 Teaching not confined to 
· classroom base 

11 Accent on creari,·e expression 

We would add: 

12 Cognitive and affecth·e domains 
given equal emphasis 

13 Process is valued 

Traditional 

Separate subject matter 

Teacher as distributor of knowledge 

Passive pupil role 

Pupils have no say in curriculum 
planning 

Accent on memory, practice and ~ote 

External rewards used, e.g. grades, 
i.e. extrinsic motivation 

Concerned with academic standards 

Regular testing 

Accent on competition 

Teaching confined to classroom base 

Little emphasis on creative expression 

Cognitive domain is emphasised; 
affective is neglected 

\Little attention paid to process 

FIGURE 4.6 - COMPARISON OF DIFFERENT TEACHING STRATEGIES 
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COMPU'l'EII BASED LEAIIN!NG 

(1\.NY USE OF 'l'll~ Cot-1£1U'l'lm WfllCU OIREC'I.'[,Y OH HliHIU~C'I'f.V ENIII\I·Jn:s 'I'll!·: J.EI\1l!HI~t;} 

(I) Preparation of materials 
(Word Pcocessing 
llctailed Diagrams 
Tluthor languages) 

Computer Aided Instruction 
(computer controls students) 

Electronic Dlackboard 
(~dium lecturer/student) 

(•1) Guidu11cc 
(2) Records and Reports 

(Sta f f/Studer.c. 
J>rof.Ues 

(3) rtusources 
(!iti.l rf ('1'/Ta!Jling) ~ • 
\·:•flliJ>LIIOllt 

(Counselling 
C;lrccn; 
OpUon~) 

Medicdll I .u.m !.> l 

COMPUTP.R 
1\SSJ!i'I'I•:U 

AOMINib"l'l~~···· 
(1) 

( 2) 

(3) 

... · 

Test 1\ualysis 

1-'ccdlluck (lcclurt!I:"/Stwi.mt) 

Routing 

(~) Simulation (models/gaming) 

COMPUTER 
ASSIS'fEO 

LEARNING 

COMPU'rl::R 
!-11\NI\GED 
t.l::ARNIUG 

(41 Structuring (lessons/coun;•.:s) 

(5) Item oaul:ing 

(4) Jnfo Retrieval 

(5) Data Capture/Control/Monitor 

(Fi) J,aboor Saving Devices 

(6) Admin lnput (profiling) 

wrn:: 'l'hc three domai.ns arc d~viccs to clarify functions of particular p<t,d>•l()I.!B <~tt<l .Ho by no u~<:.lliS unlversally ac:cl.!plcd 

or exhaustive. 
(;~,..,wr<:tlly sp..!.tking :-

Computer l\$sisted J.earning lnvolvas the st.ud\1nt lN'I'tWl\CTHIG wlth th<! ~·HuJntler 
Co111poter t·J,,n<~C'JCd T.ccnnln<J chanqes the test ill~! sllu.Jt ion luto " lf:,\1 ultt•J/I.•lctddlt-J mwiront~ul. 

illlf) C"OIIIJlllt:Cr ru;slslcd /\dminlst.rntion takes fron: th~:: U.::<H.:bcr the Olll:I.<.)IIH ,tollllill lcttil:~ \lltidt .ll tlu;.:s dct.r.:.<.:l from 
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AUTHOR MODE 

(1) Programming language 
(2) Author language 

COURSEWARE 

responds presents 

LEARNING MODE 

monitors controls 

FIGURE 5.2 - MODES OF USING AN INSTRUCTIONAL COMPUTER 

CAL FUNCTIONS CALMODES 

(I) Management of learning (I) Problem solving 

(2) Testing (2) Drill & pr-actice 

(3) Tutoring (3) Inquiry mode 

(4) Exercising (4) Simulation 

(5) Cs.e of a computer as (5) Gaming 
a c.alculator (6) Tutorial mode 

(6) l"se of a computer as (7) Dialogue mode 
a laboratory 

(7) Us.e of a computer for 
producing teaching 
materials 

(8) Dissemination of material 

(9) Archlnl of material 

(10) Medium of expression 

FIGURE 5.3 - THE SCOPE OF CAL - FUNCTIONS AND MODES 
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1. Demonstration/textbook mode 

2. Drill and practice 
INSTRUCTION.\L 

3. Programmed learning - linear mode 

4. Programmed- learning - branching mode 

5. Educational games 

6. Case studies and simulations 
REVELATORY 

7. Problem-solving 

8. Creative activities, e.g. in LOGO EXPLORATORY (conjectural 

9. Maths. packages (stats/spreadsheets) 

10. Word processing 
UTILITY (emancipate~;) 

11. Database packages 

FIGURE 5.4 - KEMMIS et al CLASSIFICATION OF CAL MODES 
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1. lnstrztction 
(CAI) 

Drill and practice 
Programmed learning, 
e.g. Structured Q & A 
dialogue in a definite 
sequence 
Learner is led by 
computer 

COMPUTER 
IN 
CONTROL 
(Subect-centred) 

Content·laden 

2. Reve/atory 
(Simulation) 

Of real siwarions: 
Trying out an existing 
model 
Varying external 
conditions 
Discovering the nature of 
a model, i.e. guided 
discovery learning 

Of imaginary siwations: 
Games of adventure, 
logic and skill 
Educadonal games 

3. Conjectural 
(Modelling) 

Making and testing a 
model of reality 
Testing ideas ;~nd 
hypotheses 
Drawing conclusions and 
discovering paucrns from 
a set of doua, e.g. 
historical models 

4. Ema11cipatOry 
(Lab6vr-saving) 

Computer as a labour­
saving device, e.g. 
cukulating, drawing 
graphs, capturing data, 
statistical analysis, filing 
data, retrieving 
inf'imnation 

STUDENT 
IN 

CONTROL 
(Learner-centred) 

Content-free 



c 

K T 

FIGURE 5.6 - ARMSTRONG'S et al MODEL OF COMPUTER, LEARNER,AND 

TEACHER/LECTURER CONTROL ON CAL 

c 

K T 

FIGURE 5.7 - EXTENSION OF ARMSRONG'S et al MODEL TO 

INCORPORATE TYPES OF CAL 

c 

K 

osltlon 
K 

T 

FIGURE 5.8 - ARMSTRONG'S et al MODEL PORTRAYING DIFFERENT 
-

TEACHING/LEARNING STRATEGIES 
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~--Conjectural 
-- Mode 

Understanding 

Rote 

FIGURE 5.9 - ARMSTRONG'S MODEL ILLUSRATING REPRESENTATION OF 

CAL MODES AND THEIR RELATIONSHIP TO TYPES OF LEARNING 

High 

FIGURE 5.10 - ARMSTRONG'S et a1 MODEL ILLUSTRATING 

REPRESENTATION OF CAL MODES AND THEIR 

RELATIONSHIP TO MOTIVATION 

General 
Strategies and 
Appreciation 

Conceptual 
Structures 

Skills 

Facts 

T 

Electronic 
Blackboard 

FIGURE 5.11 - ARMSTRONG'S et al MODEL ILLUSTRATING 

REPRESENTATION OF CAL MODES AND THEIR RELATIONSHIP TO 

MATHEMATICAL OR TECHNICAL COMPETENCE 
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Skinner's illustration of how to develop a programmed learning sequence 
is directly applicable to the design of CA! tutorial modules, as follows: 

1. Obtain a·de~r. detailed objeCtive specification of what it means to know 
the given subject matter. 

2. Write a series of information, question, and answer frames that expose 
students to the material in graded steps of increasing difficulty and that fre­
quently retest the same facts from many different angles. 

3. Require the learner to· be active, i.e., require a response for each frame. 

4. Provide immediate feedback for each answer (response). 

5. Try to arrange the material and questions in such a manner that the correct 
response is likely to occur and be reinforced (i.e., avoid errors, so that learn-
ing is not accompanied by punishing failures). · 

6. Permit S[Udents to proceed at their own pace. 

7. Provide ample backup reinforcement (praise. merits) for diligent and effective 
work. 

FIGURE 5.12 - SKINNER'S ILLUSTRATION OF A PROGRAMMED 

LEARNING SEQUENCE 

FIGURE 5.13 - GAGNE'S PROCEDURE FOR A TUTORIAL PROGRAM 

SEQUENCE 
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I INTRODUCTORY li---t· I PRESENT 11-----11 QUESTION AND I 
SECTION 1 1 INFORMATION r 1 RESPONSE 

U_____.___, 
~~---ir FEEDBACK oR l 1 JUDGE RESPONSE 1 r 1 REMEDIATION r le__ ____ _, I CLOSING 

FIGURE 5.14 - STRUCTURE AND SEQUENCE OF A TUTORIAL PROGRAM 

~r-------. 

~ 'INTRODUCTORY 11-----11 SELECT 11-----11 QUESTION AND I i sEcTION 
1 

· 1 ITEM 1 1 RESPoNsE 
,, 1----,----l 

~- u t' 
" f 
' l~~~~C~LO~S~IN~G~~=: : FEEDBACK i [ -R-i-~P..L~G-NE-SE--,1 

FIGURE 5.15 - STRUCTURE AND SEQUENCE OF A DRILL TYPE PROGRAM 

I INTRODUCTORY I I PRESENT I I ACTION I SECTION I I SCENARIO r -1 REQUIRED 

u 
I CLOSING 

I I SYSTEM STUDENT I I I UPDATES r l ACTS 

FIGURE 5.16 - STRUCTURE AND SEQUENCE OF A SIMULATION PROGRAM 
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PRESENT 
SCENARIO 

SYSTEM 
UPDATES 

ACTION 
REQUIRED 

STUDENT 
ACTS 

OPPONENT 
REACTS 

FIGURE 5.17 - GENERAL STRUCTURE AND FLOW OF A GAMES TYPE 

PROGRAM 
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BEFORE THE TEST: 

Give clear directions. 

Give the purpose of the test. 

Give the constraints. 

Give an opportunity to practice. 

Let the student decide when to start the test. 

Have safety barriers and nets in place. 

DURING THE TEST: 

Keep each question on one display. 

Keep question format consistent. 

Provide easy access to the questions. 

Provide capability to change responses. 

Provide capability to mark questions for review. 

Provide capability to browse through the questions. · 

Do not penalize format errors. 

Provide restart capability. 

Let the stud~nt know how much time remains. 

Have safety barriers and nets in place. 

AFTER THE TEST: 

Give the results immediately. 

Give detailed feedback. 

Provide the option for printed results. 

State how to leave the testing system. . 

Provide a way for the student to make comments. 

Store all necessary data. 

Prevent unauthorized access to results and data. 

Have safety barriers and nets in place. 

. 

FIGURE 5.18 - FACTORS TO BE CONSIDERED WITH TEST PROGRAMS 
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STEP 1: DEFINE YOUR PURPOSE 

Slate the general goal, the subject area. 
State what part of the subject area you intend to teach in a single lesson. 
Produce a chart of the characteristics of intended students. 
State a terminal goal for the lesson. 
Add the terminal goal to the chart and estimate how much time it will take and how 

difficult n will be to learn. 

STEP 2: COLLECT RESOURCE MATERIALS 

Produce a list of resource materials you intend to collect for the subject matter, for 
instructionai development, and for the operation and programming of your cam· 
puter. Be sure to Include knowledgeable people in each category. If you do not 
know of many resources, go to the resource people for help in generating a list. 
Collect textbooks, reference books, manuals, films, vldeotapes, and other materi· 
als reflecting the content of the subject and ns organization. Be especially watch· 
ful for organizational summaries, Indices, tables. of contents, charts, and graphs. 
Prepare copies of Appendix A of this text and collect other instructional design 
texts. Use their bibliographies to locate other useful resources. Collect paper and 
various graphic arts materials such as graph paper, clear plastic, and a ruler. 
Have your computer available, and collect manuals and reference guides for it 
and the programming language you Intend to use. 

STEP 3: GENERATE IDEAS FOR THE LESSON 

Gather three to fiVe people around a small table. 

Provide each person with the Instructional goals, resource materials, paper, and 
pens. \ 

Produce as many content Ideas as possible without being judgmental. 
Stop when few new Ideas are being generated. 
Give each person a list of instructional methodologies and factors. 
Repeat the process to generate ideas about how to teach the things listed in the first 

brainstorming session. 
Stop when fevi new Ideas are being generated and a few ideas have been gener· 

ated corresponding to each idea on the first list. 
Save the iwo lists of Ideas for the next step. 

STEP 4: ORGANIZE YOUR IDEAS FOR THE LESSON 

Eliminate ideas based on student characteristics, subject matter, time, and delivery 
system limitations. 

Analyze the ideas that remain to fill out the details and sequence of the lesson. 
Choose a methodology or combination of methodologies. 
Make decisions about treatment of all the instructional factors for the methodologies 

and ideas they will be applied to in the lesson. . 
Arrange the results of the above four activities in a preliminary lesson sequence. 

FIGURE 5.19 - CHARACTERISTICS OF ALLESSI AND TROLLIP'S CAL 

DESIGN MODEL 
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----------------------------------------~-

- -· -~·-- --
SUMMARY OF DISPLAY PRODUCTION 

1. Write and revise primary text, which includes information, questions, and teed· 
back. 

2. Write and revise secondary text, such as directions, hints, and end-of-lesson 
messages. 

3. Produce storyboards, in which you rewrite all of the materials from the previous 
two substeps to fit on your computer display. 

4; Check the fit of overlapping displays, such as questions and feedback, or infer· 
mation and directions, to make sure that nothing overlaps and that displays 
are not too crowded. -

! 
5. Draw and revise graphics displays and plan other output, which includes pie· 

tures, graphs, cartoons, sounds, music, and voiqe. Graphics should be done, 
if possible, In the actual size they will appear on the computer display. 

6. Check graphics and simultaneous text for fit. Pictures and their descriptions or 
directions, for instance, should be coordinated to eliminate overlap or crowd· 
edness, as in Substep 4 above. 

7. Assemble the storyboards on a bulletin board, blackboard, or large table so 
they can all be seen at one time. 

8. Review the storyboard assembly, looking for errors, checking for completeness, 
and getting, for the first time, the whale picture of the lesson. 

9. Have others review the storyboard assembly. Write down all comments that 
reviewers make. 

10. Make revisions. Rx real problems, but not little details. There will be lots more 
changin.g to come in the next two steps. 

SUMMARY OF FLOWCHARTING 

PREPARATION: 

Start the flowcharting process by drawing a simple flowchart without decision points. 
Over two or three iterations increase the level of complexity until all details are 

specified. 
Whenever possible put repeated routines in subroutines. 
Check that every storyboard is included in the final flowchart. 
Ensure that connector numbers are used only once. 
Ensure the direction of now is specified. 

DRY-RUNNING: 

Plan several paths through the flowchart before dry-running, and note which paths 
were taken at each decison point. 

As you dry-run the chart, keep track of the values of variables. 
Check that the flowchart takes you where you expect to go. 
Check that all variables have the values you expect. 
it there are errors, revise the flowchart. 
If you revise the flowchart, dry-run the new version. 

----

FIGURE 5.19 (continued) 
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SUMMARY OF PROGRAMMING 

BEFORE YOU START: 

Choose a programming language, enhancement, or authoring system that meets 
your instructional needs. 

ERROR PREVENTION: 

Make a detailed (level three) flowchart of your lesson. 
Dry-run the flowchart before programming. 
Refer to the flowchart while programming. 
Program subroutines first. 

PROGRAMMING: 

Write the first draft of the program off·line. 
Whenever possible use code that you have written before. 
Whenever possible amend existing code rather than write new code. 
Whenever possible modularize code for efficiency. 

Use tracing paper for graphics, placing n over the screen or graphics tablet when . 
creating pictures. ' . 

Ensure that the informational detail of each display is in harmony with the instruc­
.. tional objectives • 

. ~urrient_your code thoroughly. Make changes to the documentation whenever 
. you ch.ange the code. · . 

Always make your program work before making n efficient. 

ERROR DETECTION: 

Fi~d '~~d· ~nrriin~te kndwn bugs first. 
·use'~ ;y~ie,;·atic approach to error detection. 

Plan your debugging with data whose consequences can be easily determined. 
Use a set o\ responses that will give predicted results. 
On each di~play, press all the' keys. Only expected·ones should have any effect. 
Whenever a response Is expected of a student, type in unexpected answers, non· 

sense, and nothing at all. See how the program responds. 
Use debugging tools provided for the computer. 
Print some Identifying numbers on displays to facilitate reference. 
Eliminate one bug at a time. 
Save existing code until you are certain you do not need it. 
·Incorporate, if possible, some mechanism whereby the student can make on-line 

comments. 
'----- ·-·-------

FIGURE 5.19 (continued) 
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SUMMARY OF LESSON EVALUATION AND REVIEW 

QUALITY REVIEW: 

Use the checklist. 
Check the language and grammar. 
Check the surface features. 
Check questions and menus. 
Check all invisible functions. 
Check the subject matter content. 
Check the off-line material. 
Revise the lesson. 
Apply the same quality-review procedure to all revisions. 

PILOT TESTING: 

Enlist about three ~elpers. 
Explain pilot-testing procedures. 
Find out how much they know about the subject matter. 
otiseive them go through the lesson. 
lnterVIew.ihem afterwards. 
Revise the lesson. 
Pilot-test all revised lessons. 

VALIDATION: 

Use the lesson in the setting for which ~ was designed. 
Use the lesson with students for which tt was designed. 
Evaluate how the students perform In the setiing for which you are preparing them. 
Obtain .as ·much performance data as you can from different sources. 
Obtain data on student achievement attributable to the lesson. 
Obtain dat~ on student attitudes toward the lesson. 

FIGURE 5.19 (continued) 
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~SSIESSMIEN"T OIF SOIF"T'WAiRliE 

TITLE 

SOURCE/COST 

EQUIPMENT 

AGE GROUP 

LEVEL 

SUBJECT AREA 

OBJECTIVES 

PRE-KNOWLEDGE 
DOCUMENTATION 
(TECHNICAL) 

DOCUMENTATION 
(EDUCATIONAL) 

PRESENTATION- TEXT 

PRESENTATION-GRAPHICS 

PRESENTATION-sOUND . 

ROBUSTNESS 

FLEXIBILITY/FRIENDLINESS 

ACHIEVEMENT OF AIMS 

SPECIFIC CRITERIA 

CONCLUSION 

FIGURE 5.20 - EVALUATION QUESTIONNAIRE 1 
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COURSEWARE REVIEW CHECKLIST 

SECTION 1: COURSEWARE OBJECTIVE(S)-NEEDS TO BE MET 

SECTION 11: DEMOGRAPHICS 

DATE: ________ REVIEWER: _______ _ 

PRODUCT: ________________________ __ 

SECTION Ill: SCREENING CRITERIA 
1 . Is the courseware applicable to the 

objectives? 
2. Is the required microcomputer available? 
3. Are the computer language and operating 

system available? 
4. Is the cost within budgetary limits? 
5. Are the required peripherals available? 
6. Is the instructional design appropriate? 

••••••• 'RECOMMENDED FOR REVIEW? 

SECTION IV: INSTRUCTOR·RELATED ITEMS 

y N 
y "N 

y N 
y N 
y N 
y N 

y N 

DATE: ________ INSTRUCTOR:-------

A. Administrative Issues Poor Good 
1. Backup availability and cost 1 2 3 4 
2. Defect guarantees and quantity 

discounts 2 3 4 
3. Learning environment 2 3 4 
4. Documentation 2 3 4 

B. Content Issues 
1. lnstrucfor·controlled parameters 1 2 3 4 
2. Accuracy 1 2 3 4 
3. Environment 1 2 3 4 
4. Pedagogy 1 2 3 4 
5. Answer judging 1 2 3 4 
6. Branching 1 2 3 4 
7. Learning theory 1 2 3 4 
8. Time allowances 1 2 3 4 
9. Progress reporting 1 2 3 4 

10. Professionalism 1 2 3 4 
C. Technical Issues 

1 .. User friendliness 1 2 3 4 
2. Error trapping 1 2 3 4 
3. Color dependency 1 2 3 4 
4. Speed of execution . 1 2 3 4 
5. Appearance 1 2 3 4 

FIGURE 5.21 - EVALUATION QUESTIONNAIRE 2 
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SECTION V: STUDENT-ORIENTED REVIEW 

1. Results 
2. Student Control 
3. Freedom from Technology 
4. Motor Skills 
5. Motivational Value 

SECTION VI: OVERALL RATING AND COMMENTS 

..... OVERALL RATING (Note: We recommend only 
courseware rated 3 or higher be considered 
for acquisition.) 

Poor Good 

1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 

Poor Good 

1 2 3 4 

'-comments: (Atlach additional pages If extra space is needed.) 

SECTION VII: POSTIMPLEMENTATION COMMENTS (Attach addition· 
al pages if extra space is needed.) 

FIGURE 5.21 (continued) 
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Complete this sheet by awarding a score for each aspect which describes how Name of package 
well you consider it has been achieved by the package, place a J in the Name of program 
appropriate column. 5 is highest, 1 is lowest, N/A is not applicable. Use the 
blank space to record your additional comments. 

You may wish to photocopy this sheet. 5 4 3 2 1 N/A Additional commmfs 

1 Educational documentation 

":1 la Statement of aims and objectives D D D D D D 
H Ib Information about the content and 
G1 background D D D D D D c: 
::<1 le Statement of intended type of use and t'l 

U1 audience D D D D D D 
N 

Jd Suggestions of ways to use the program D D D D D D 
N le Pupil activities or worksheets D D D D D D 

If Instructions for running the program D D D D D D 
1 1>.1 lg Presentation of a typical run D D D D D D w ;; Ih General impressions D D D D D D (D 

"' t" 
1 c: 

Achievement of stated aims )" 2 
o-3 (as far as you can tell without actually using H 
0 tl~e proJ:ram with a class) z 
10 2a Aims/objectives D D D D D D 
c: 2b General impressions D D D D D D 1>.1 
00 
o-3 3 Appropriateness of the micro and program H 
0 3a For teaching this topic D D D D D D z z Jb For the suggested audience and type of use :>' 
H (e.g. group whole class. etc.) D D D D D D ::<1 3c General impressions D D D D D D 1>.1 

w 
4 Scn.•en presentation 

4a Use of graphics D D D D D D 
4b Use of colour and animation D D D D D D 
4c General impressions D D D D D D 



s 4 3 2 1 N/A Addilional comments 
5 Friendliness and flexibility of the program 

Sa Helpful messages to correct user errors 0 0 0 0 0 0 
sb Help to pupils in understanding the program 0 0 0 0 0 0 
Se Versatility so that the user can control what 

' the program does 0 0 0 0 0 0 
sd Feedback to pupil 0 0 0 0 0 0 
Se Program adapts to pupils' performance 0 0 0 0 0 0 
sf Record of pupils' performance kept by 

program 0 0 0 0 0 0 
Sg Program model accessible to pupil 0 0 0 0 0',0 
sh Suggestions or help for teacher to modify 

"1 the program 0 0 0 0 0 0 H 
Gl Si General impressions 0 0 0 0 0 0 c: 
::0 
trl 

6 Technical documentation 
I U1 6a Information about machine requirements 0 0 0 0 0 0 w 

CX> "' 6b Information about the model used 0 0 0 0 0 0 .., 
"' Information about the program structure 0 0 0 0 I 6c 0 0 

6d Listing and readability of the program code 0 0 0 0 0 0 ~ 

6e Portability, i.e. ability to transfer program n 
0 to a different computer 0 0 0 0 0 0 z 
o,] 6f General impressions 0 0 0 0 0 0 H 

a 
Summary of overall impressions trl 

0 Give a11 overall score for eaclr of lire ~ 

categories 1-6 
1. Educational documentation 0 0 0 0 0 0 
2 Achievement of stated aims 0 0 D D D D 
3 Appropriateness of the media and the 

program D D D D D D 
4 Screen presentation D D D D D D 
5 Friendliness and flexibility of the program D D D D D 0 
6 Technical documentation D 0 0 0 0 D 



APPENDICES 5.1 

LIST OF COURSEWARE DISTRIBUTORS AND 
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LIST OF SOFTWARE SUPPLIERS FOR BTEC 
LEVEL COURSES. 

BYTRONIC ASSOCIATES 

FARNELL ELECTRONIC CCMPONENTS 

GARLAND CONPUTER SOFTWARE 

MEGACYCL SOFT't/ARE 

PLYNOUTH OPEN LEARNING SYSTEMS UNIT 

MICA SOFTWARE 

NOTE :- ADDRESSES AND FURTHER INFORMATION SUPPLIED 
ON REQUEST. 
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a 
Two programs for desig~ing sir~gle and double sided printed circuit boards. The 
draugMirg program ccve~s t~e PCB design, using a four colour system capable of 
displayil'g both sides of t~.e PCB simultaneously on a video monitor. The maximum 
actual PCB size is in ex:ess of 2tl by 2ft. Various pad sizes up to 1· diameter can be set, 
and 0.1· pads laid down with a single key stroke. Automatic bussing allows quick 
con re~tior of power supply r a1 ;5 ar.dlor data and address lines. 

The printing program r~:-:s o., Epson printers such as the LX-Series and produces 
acct.nte printouts at a sca!e o! 2:1 or 4:1, suitable for direct photo reduction. An actual 
size (1:1) printout can be ma~e for reference purposes. Any printed artwork may be 
mirror imaged and a sol~erres!s: mask produced for each side of the board if required. 

Both the draughting and prir,ting programmes are supplied on one s%• single sided 
floppy disk. Several e~~ar.cements have been made to the software, such as an 
automatic saving of dra~;ghted material on return to the control mode, and compatibility 
with the FXILX Series prin:e~s. Back-up copies may be taken from the master disk for 
which serial numbered labels a re supplied. 

176-073 is an upgrade d:sk which allows users of the original software to operate it on 
the BBC 'Master'. 

Note: The 6502 2nd processor or a 32K expansion card is required to run the above 
programs. 

PCB draftinglprfnling disk for BSC Micro 80 trk 
PCB dralting1prlnHfl9 disk for BSC Mk:ro 40 trk 
40.'80 trk upgrade disk lot original ~e~ion · 

DIGIT Al-LOGIC-Dist 

OntinCod8 
193-152 
193-153 ·. 
176-073 

Prlc'eEICh 
. ts9.00 

£99.00 
£18.50. 

Covers basics of digital logic gates. The booklet explains truth tables, Boolean equations 
and the addition of binary numbers. All the relevant theory required for the program is 
covered and questions are set to review the users understanding of the program 
material. The program is in 8 sections: Sections 1 and 2 cover AND, NAND, OR, NOR and 
EXOR logic gates, Sections 3 and 4 cover the half and full adder arrangements, Sections 
5. 6 and 7 cover the RS flip-flop, the Bistable latch and J/K flip-flop respectively, Section 
8 covers the Binary Ripple counter. 

OIGITALOEVICES--Oisll: . 
Intended as a follow--up to the Digital-Logic package described above, the o·rgital Devices 
package examines the functional operation and application of a range of digital devices. 
The devices introduced in this package are a 4-bit Binary/BCD up/down counter, a 
seven-segment display and decoder. an 8-bit shift register. a ROM and a RAM. 
As with the other packages in this series, full use is made of interactive graphics, the 
user is tested on many points that are raised during the training session. The booklet 
supplied gives background information on the devices, arso introducing applications, and 
covers all the theory required. 

AMPLIFICAnON-Oisk 
Treats amp!ification as a function performed on electronic signals. Explained in the 
booklet is the role of input and output transducers, the significance of correct amplifier 
grounding, inpuUoutput transfer functions, output limits, equivalent circuits and the 
importance of correct ·rnput and output matching, The program is in 6 sections: Section 1 
explains the single ended amplifier. investigating the interaction between gain, power 
supply values and .input s·rgnat magnitude, Section 2 cover~ the same for differential 
input amplifiers, Section 3 provides questions on 1 and 2. Section 4 demonstrates the 
relationship between input and output waveforms, illustrating clipping. Secrrons 5 and 6 
cover the use of Thevenin equivalent circuits as applied to amplifiers. 

OPERATIONALAMPUFIER-Disk 
Explains the functions of an operational amplifiei and examines its behaviour in several 
different negative feedback configurations. The booklet explains the background theory 
of negative feedbaclc and introduces the equations used in the program. The program is 
d"rvided Into 3 sections: Section t offers three models of the basic feedback circuit. 
namely the inverter. the follower and the inverting adder, Section 2 presents a number 
of questions which require the use of the equations presented In the booklet. based on 
111e ideal op-amp, Section 3 covers problems associated with 'real' op-amps and the 
effectoffrnite loop gain. 

OPERA nONAL AMPLIFIER APPLICA nONS--Disk 
This package is designed to give an understanding of the main factors inlluencing the 
accuracy of practical operational amplifier circuits, and to act as an engineer's des"rgn. 
aid in error evaluation. The package assumes the user has a knowledge of the function 
of the amplification process. offre~ency response terminology and of basic negative 
feedback concepts. 

FREQUENCY RESPONSE-Disk 
Explains amplitude and phase relationships which exist between the input and output of 
an amplifier. All the terms and equations used in the programmes are explained in the 
booklet. The program is split into 3 sections: Section 1 demonstrates the frequeflcy 
response for first order high and low pass filters displaying the amplitude and phase 
relationship in a table and showing attenuation in dB, Section 2 shows the frequency 
response obtained when two frrst order systems are connected in cascade and Section 3 
dtsplays the open and closed loop frequency response obtained with operational 
amplifrer feedback circuits. Various crrcurt parameters may be altered as required. 

'l!' SALES 0532-636311 TECHNICAL 0532·799123 

DCCURRENTELECmJCITY-Disll 
, Introduces the ~;ser to direct current circuits and i:-:troduces Ohms Law. All reqt..ired 

theory is covered in t!":e booklet supplied together with the equations used. Tt>e pro­
gramme is divi~ed ir.to 6 sections: Section 1 covers amps, volts and ohms and t~eir 
relationships. Section2 contains tests on ohms law. Section 3 introduces the concepts o! 
EMF and in:err.al resistance, Section 4 provides a set of tests on series and pa~a::er 
connection of resis!ors and Sections 5 and 6 show the use of galvanometer shuNs and 
mu:tipliers. amme~e·s a ~d voltmeters. 

DATA CONVERSIOn-Disk 
Introduces the tec~~iq:.es used in data converters. Split into three programs, Program 1 
covers the lunctio~at ~i~ary coOes used by converters such as natural binary. BCD, 
offset binary and two·s complement, as well as explaining conversion from decimal to 
binary and vice-versa. Program 2 presents an interactive model illustrating D ro A 
conversion and Program 3 presents A to D conversion. All the codes introd~.;ced in 
Program 1 can be ~sed in Programs 2 and 3. 

D·to-A CONVERSIOn-Disk 
Supplies more specific information relating to the Oigitat-to-Analogue converter. Basic 
information covered in the Data Conversion package is expanded to cover the use of 
R-2R networks and how they generate binary current increments. Interactive models 
cover bit switches and output operational amplifiers. other models cover scare trimming 
and offset binary operation. The final model explains the role of reference voltage and 
the scale setting resistor. lt is recommended that the user is familiar with the Data 
Conversion and Digital Devices software before using this program. 

A-to-0 CONVERSION-Disk 
This program covers the Analogue-to-Digital conversion process, introducing four lypes 
a A-to-O converter, the tracking converter, a successive approximation converter. a dual 
slope converter and a parallel converter. The main parameters affecting the A-to-O 
converter under discussion can be altered and waveforms generated by the conversion 
are displayed. 
From this program a clear understanding a the different conversion techniques can be 
gained. 11 is recommended that the user is familiar with both the Digital Devices and the 
Data Conversion disks before using this program. 

AC BASics-Disk 
This package is intended to examine the relationships between voltage and current for 
capacitors and inductors, and also the terms which are used in describing the character· 
isticsof alternating current 

ACCIRCUITS--Disk: 
This programme is an extension of AC BASICS. 11 covers phasor diagrams and mathe­
matical manipulation. The interaction of inductive and capacitive elements in serial and 
parallel configurations is dealt with, together with resonant circuits. 

MEASUREMENT--DIU: 
Ttlis package cavern measurement of both a mechanical and electronic nature; vernier 
calipers, micrometers. multi meters and oscilloscopes are dealt with. 

Note: All software supplied on a5J4• 40trackdisk. 

· l>gitaH.ogic 
l>gital Devices 

· Amplification 
Operational Amplifier 
Operational Amplifier Applicationt 
Frequency Response 
OCCurrent Electricity 
Data Conversion 
D-to-A Conversion 
A-to-O Conversion 
ACBaslcs 

. ACCirctJils 
' Measurement 

REG.NO.R$118 

Order Code 
1!13-<100 
19U01 
193-010 
193-020 
193-021 
19U30 ,_ 
193-135 
193-136 
193-137 
193-041 
193-042 
193-049 

Price Each 
£13Jl5 
£13.95 
£13Jl5 
£16.00 
£1950 
£1195 
£11.95 
£13.95 
£13.95 
£13.95 
£16.00 
£16.00 
£12.00 

Prices are excfusive of VA T which wilf be charged extra 



DUSTRIAL CONTROL TRAINER 

. . .. 

Realistic Application for Teaching 
PLC & Microcomputer Control. 
Unique Universal Interface Allows 
Unit to be Easily Linked to ANY PLC 
or Microcomputer with 1/0. 
Component Sorting & Assembly. 
Includes Inductive, Capacitive & 
Opto-Eiectronic Sensors. 
2 x D.C. Motors & 3 Solenoid 
Actuators. 
Component Test & Accept/Reject. 
Built-In Switched Fault Facility. 
Supplied with User Manual & Student 
Labworks 

Made in U.K. 
l'u''""'"' Control Trainer (ICTI) unit has been specifically designed 

i PLC and Microcomputer control applications. The unit is 
as a typical industrial process in which two different components 
assembled and then tested for correct assembly. 

pro~·ides a realistic system for studying on-off control. analogue 
feedback, de motor conveyor control, dispensing and 

methods. 
fully labelled intertace allows the umt to be connected io virtually 

microcomputer that has a minimum of 6 digital outputs and 6 
A switched fault facility enables various common faulls to 
the system. Using these the student can test the integnty 
programs or identify faults using standard test equipment. 

industrial sensors test each assembled unit as it passes 
Components which fail a test can be rejected for recycling. 

exerci«'• can be graded in complexity from simple open-loop. 
lcr,mnnnent programs through to controlling the complete assembly­
lqulence. Each unit is supplied with a comprehensive manual which 

student programming exercises in ladder logic and BASIC. A 
supply unit providing 12V (i• 2 Amps is required. '"'"'*'"'" 

Module 
Pro-cram for Mitsubishi 

12V (a 2 Amp (see PS) 
details 

CODE 
ICTI 

MPBBCI 
MPCT2 
ICT3BB 
MPIBMI 

ICT6 
MPIBM2 
MPCT2 
ICT3PC 

ICT4 
ICT7 
ICT8 

ICT4A 
ICT3PLC 
MPPS2 

PRICE 
£1950 

£93 
£15 
£35 
£35 
£25 
£95 
£15 
£35 

r-.-.­_)::oJ 

£25 
£20 

£198 
£65 

£150 

•tsubis:hi series of PLCs represent excellent value for money and 
11 suited for teaching ladder programming techniques to 

wide range of Base Units, I 0 Extension Units and 
i devices ensure that virtually every need can be catered for, 
remarkably low price! 
PLCs have successfully established themselves in both the 
I and Industrial marketplace where their ease of programming 

I design are well recognised. 
advice or a comprehensive price list. 'if.'"1.4:133•t• 

F1-20MR·ES £222 
Ft-20P-E £132 

·· ' This low cost conveyor (ICT4) 

--· 
: features a 12V DC Motor. linear 

acting solenoid plus opto-through 
beam and opto-_ reflective sensors. 
The unit may be linked to a 
microcomputer or virtually any 
PLC. Students can write programs 
to detect, identify and accept 

Photograph shows Single Conveyor 
fitted with Sensor Expansion Module. 
Made in U.K. no. 180. 390mm 

reject different components. An 
optional Sensor Expansion Module 
(ICT 4A) containing induct1ve and 
capacitive transducers is available 
for more advanced programming 
tasks. •:t·'''*':I::I'IC' 

The PLC PACK 1 provides everything needed for setting up and 
teach1ng PLC control. The package contains a Bytronic Industrial 
Control Trainer, Mitsubishi Ft 20 W Programmable Logic Controller 
with Programming Keypad and a ready programmed EPROM. The 
PLC is mounted on a pre-wired base enabling very easy and rapid 
connect1on to the ICT. Comprehensive courseware is also provided 
in the form of a Student Manual plus a separate Lecturers Manual. 
These manuals assume no prior knowledge of PLC control and 
feature several programming exercises. 
The PLC-PACK 1 offers all the hardware, software and courseware 
you require combined into a single training package and all at a truly 
remarkable low price. For more details send for our PLC-PACK 1 
fact sheet. •:t·"''-i@3ilfJ 

I PLC-PACK 1 PLC Training Package PLC·PKI £2299 

:- ·;,]JJIT~~T~JIJ·~}(:,~ -~t.1~_~:.:r:.·:~r.·;~· 1 •• .,~ r .. <)-<F~·~: _. 
Bytronic can provide in-house training courses on PLC control for 
those departments who are contemplating teaching this subject or 
which have recognised a need for staff training in this area. The 2 
day, highly intensive course has been especially developed with the 
professional lecturer trainer in mind. The popular Misubishi Ft PLC 
is used to control various Bytronic Application Units including the 
Industrial Control Trainer. The emphasis is geared towards hands· 
on experience and after completing the course delegates will 
understand the architecture of a PLC. how it operates and how it 
can be programmed in ladder logic. For further details send for our 
PLC TRAINING COURSE data sheet. !t-l•o@#oltl 

2 Day PLC Training Course 
for up to 4 delegates PLC-CRI £800 
• Phone for charges for 5 + delegates 

2 



EQUENCER 11 

Made in U.K. 

Sequencer 11 is a new, enhanced version of the highly successful 
Unit. 

be easily interlaced to a BBC Micro or IBM PC ( + Clones) or 
Prcxlraolmalllle Logic Controller. This allows the development 

loop control programs in either a high or low level 
rana·uaue or PLC Ladder Logic. Any combination of three 

activated .. Feedback is provided by various industrial-type 
I microswitches, magnetic reed switches, opto-through 

a pressure switch sensor. An array of 3 solenoids, pneumatic 
warning buzzer comprise the 4 output devices. The Hi/Lo 

and output lines are displayed on a row of lamps 
.,.,•ntirr '" 8 bit data port. These data lines are connected to the 

and actuators via a system mimic so that students can 
how each VO line is used. 

PCB mounted on the front of the unit features full opto· 
and test points. Four built-in switched faults allow students to 

the integrity of their control program and fault find electronics. 
l'"'que•n~er 11 can be linked directly to a BBC Micro or PLC. An VO 

if connecting the unit to an IBM PC Micro (see PS). 
scifllNare includes a unique Computer Based Learning program 

llac:hina microcomputer control plus an Interactive Program for quick 
demonstration of the unit. 

Supply providing 12V @ 1 Amp and Air Supply capable of 
4 bar at 20 litre/min are required. ii·'"l!i'IUI·!I 

SEOUENCER 11 SORTER 
CODE PRICE CODE PRICE 

11 802 £S98 
for S02 S02A £195 

UNIT MPSR1 £275 
Supply Unit (see PS) MPPS2 £150 MPPS2 £150 

Interactive Program S02BB £35 MPSR2BB £35 
Connecting Cable MPCT3 £15 MPSR3 £20 
Interactive Program S02PC £35 MPSR2PC £35 
Internal Interlace (see PS) MPIBM1 £85 MPIBM1 £85 
Internal Connector S04 £25 MPSR4 £25 
External Interlace• MPIBM2 £95 MPIBM2 £95 
External Connector' MPCT1 £15 MPCT1 £15 

PLC Interlace (see P7) MPPL1 £149 
Interlace Connector MPCT3 £15 

I See PS for details 

SORTER UNIT 

295 X 295 X 'Onvn Made in U.K. 

This versatile unit simulates a counting and sorting system of the kind 
commonly found in industry. lt may be controlled by any microcomputer or 
PLC which can send S digital output and accept 2 digital input TIL signals. 
In Count Mode two differently coloured beads are dispensed in a particular 
order by controlling the action of two of the four solenoids. In Sort Mode the 
unit is simply turned upside down and the beads sorted back into their 
respective hoppers. Opto-electronic sensors provide feedback to the 
controller enabling closed loop control programs to be written. A built-in 
alarm can be activated if an error occurs, eg. hopper empty or bead stuck. 
Optional solllNare includes a unique Computer Based Learning program 
for teaching microcomputer control plus an Interactive Program for quick 
set-up and demonstration of the unit. 
The Sorter Unit is supplied with comprehensive documentation and 
requires a 14V@ 1 Amp Power Supply. !#·!U1li!U·•• 

813·J~~ 1 ~i] j[l s ll~W =€L.=r~rm~~ 
These two unique programs use the Sequencer 11 or Sorter Units 
as target systems for introducing students to the exciting world of 
control programming. Each CBL package is supplied with a Student 
Workbook and Program Disc which is dMded into several interactive 
tutorials and is equivalent to approximately 12 hours of lecture time. 
On completion of the course students will understand how a 
microcomputer can control external devices and be able to write 
closed loop control programs. ii·IMI#I'f3U~I 
Tutorials include: 
11 Introduction to Microcomputers- Fundamental Terminology. 
Ill Binary Codes, Decimal to Binary Conversion. 
l3 The 1/0 Port, its Function and Use. 
11 The Data Direction Register and its lnitialisatron. 
11 The Need tor Signal Amplification. · 
11 Outputting Commands for Solenoid Movement. 
11 The Importance of Delays to Allow Time for Electro-Mechanical 

Devices to Respond. . 
il Introduction to Writing Open Loop Programs. 
ll Introduction to the Use of Sensors. 
J Inputting Signals from the Outside World. re. Feedback. 
::1 Masking Out Unwanted Signals- The 'AND' Instruction. 
'l Introduction to Writing Closed Loop Control Programs. 
.1 Student Assignment. 

ORDERING SEOUENCER 11 SORTER 
INFORMATION CODE PRICE CODE PRICE 
Single Licence BBC CBL1BB £99 CBL2BB £99 

IBM PC CBL1PC £150 CBL2PC £150 
Mu~i-User Licences BBC CBL1B8 £250 CBL288 £250 
(Upto8computel1l) IBM PC CBL1P8 £350 CBL2P8 £350 
Addttional Licences BBC CBL1BX £35 CBL2BX £35 
(Per computer) IBM PC CBL1PX £45 CBL2PX £45 
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POLSU 
COLLEGE OF FURTHER EDUCATION, 
KINGS ROAD, DEVONPORT, PLYMOUTH PL15QG. 
1'EL (0752) 551947 OR 264762 (24 HOURS) 

SEPTEMBER 1988 (VAUD TO APRIL 1989) 

ORDER NETT PRICE 
CODE £ 

. . 
~~©IJ(b\l~!i:~ 

hardware/software and learning guides as appropriate) 

SYSTEMS I MES1A 289.00 
SYSTEMS 11 MES2A 391.00 
SYSTEMS Nil MN2 406.00 
SYSTEMS Ill MES3A 423.00 

FOR INDUSTRY 
all material in MES 1 A, 2A and 3A) MES4A 470.00 

ANALYSIS SAKA 400.00 

ELECTRONICS PE 52.00 
Nil EN2 310.00 
Ill E3 114.00 

BBC1A 150.00 

Jil>b\©M@~~ 

MES 1 A to MES 2A update MES2B 160.00 
MES 1A to MN2 update MN2U1 163.00 
MES 2A to MN2 update MN2U2 53.00 
MES 2A to MES 3A update MES3B 80.00 

ICS MES 1A toMES 3A update MES3C 230.00 

COMPUTER APPUCATIONS 
and guides) BBC 18 30.00 

INID 1Nl@ @ I!JJD llll ~® 

SYSTEMS I GUIDES" 
three guides and textbook) BM1 16.50 

SYSTEMS 11 GUIDES" 
guides and textbook) 8M2 22.95 

SYSTEMS Nil GUIDES 
guides) BMN2 35.00 

SYSTEMS Ill GUIDES" 
set of three guides and textbook) 8M3 24.95 

VAT PRICE 
PLUS 
VAT£ 

15% 332.35 
15% 449.65 
15% 466.90 
15% 4136.45 

15% 540.50 

15% 460.00 

15% 59.80 
15% 356.50 
15% 131.10 

15% 172.50 

15% 184.0C 
15% 187.45 
15% 60.95 
15% 92.00 
15% 264.50 

15% 34.50 

0 16.50 

0 22.95 

0 35.00 

0 24.95 



Nil GUIDES 
cl four guides) 
Ill GUIDES 

(Ccmplata sat cl thirteen guides) 

ORDER 
CODE 

BSAK 

BEN2 

BE3 

NETT PRICE 
£ 

40.00 

45.00 

45.00 

TO MICROPROCESSOR SYSTEMS 
set cl two guides) . . BMS 20.00 

DIAGNOSTICS 
BSC 10.00 

BIC 15.00 

BLA 10.00 

ANALYSIS VSA 75.00 

VIC 50.00 

VLA 75.00 

ALL ITEMS- TUmON, POST AND PACKING EXTRA 

DEUVERY- One to twelve weeks, depending on order quantity. 

CHEQUES- All cheques should be made payable to Devon County Council. 

Discount en quantities cl complete and part packages:-
1 • 4 • Nil% 5 • 9 • 5% 10 • 19 • 10% 20+ • 20o/o 

Discount does not apply to learning guides. 

• Contains textbook subjed to publishe~s price review in January. 

VAT 

0 

0 

0 

0 

0 

0 

0 

15% 

15% 

15% 

PRICE 
PLUS 
VAT£ 

40.00 

45.00 

45.00 

20.00 

10.00 

15.00 

10.00 

86.25 

57.50 

86.25 
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Board Inc. manual 
Spare manual forRTl-820 
Screw termination unit 
High level input panel Inc. manual 
Spare manual for STB-Hl02 
Low levelinputpanel inc. manual, 
Spare ManualforSTB-TC 
Connecting/daisychain cable 

'.i3-CCS :ri•Jers 

OnltfCode 
RTt-120 
ACt 90S 
AC1585-1 
STB-HL02 
AC1911 
STB-TC 
AC19!11 
CAB-Gl. 

Prlee Eadl PerOuantHy 
1+ 

C561.00 
£21.00 

£102.00 
£307.00 

1:21.00 
C42t.OO 
1:21.00 
£34.00 

5+ 
£532.95 

C96.90 
£291.65 

£399.95 

1:32.30 

.-~~L!.LOG CE'llC:;S 
Software interlace routines running under MS-DOS or PC-DOS that support the Rn-800 
Series boards. These machine language routines provide analogue l/0, digital 1/0, 
frequency input. event counting and pulse output functions, and are callable from the 
following languages: 

Microsoft MACRO Assembler Microsoft FORTRAN 
Microsoft Compiled Basic IBM:!l interpreted Basica 
MicrosottC IBM! Compiled Basic 
MicrosoftPascal BorlandTURBOPascal 

Their are two pac.kages, Order Code AC1527A covers the RTI·800.'802,'"8t5, 817, 820, the 
other, Order Code AC1526A covers the RTl-850 and 860. They both includes calibration 
routines in software, on 5'4• floppy disks, disk documentation, and Analog Devices 
software single-user license. Spare manuals are available for both. 

Note: T~ese packages are only suitable for use with Analog Devices product. 

Oriver for Rn.aoo. 602. 815, 817 and 
820,Inc. manual 

Spart manual 
Drlverlo! Rll-850, 'and 860 inc. inailual 
Spare manual 

Order Code Price Each 

AC1521A 
AC1526A 
AC152711 
ACt-

. £251.00 . 
1:21.00 

. £166.00. 
• 1:21.00 

LABTECH Notebook LABORATORY TECHNOLOGIES CORP. 
I No programming required 
I Upto300mixedi/Opoints 
I Fasttourier transforms& curve lit 

I Realtimedatastreaming 
I Real lime display 
I Interfaces to programmes like Lotus 1-2·3 

This is a general purpose software package tor data acquisition, monitoring, and real 
time control. lt comes complete with a range of software drivers that allow it to operate 
with all RTI-800 series boards. 
The package has the unusual capability of operating as a real lime multilasking 
subsystem running under PC/MS·DOS. This allows a complex schedule of data 
acquisition and control to be carried out whilst running another application program 
simultaneously. 
The range of software drivers supplied with LABTECH Notebook are available 
separately. These are for existing users of LABTECH Notebook who only need the 
drivers to work with the RTI-800 series boards. Includes 5%.• Floppy disks, 
documentation and single-user license. 

Note: These packages are only suitable for use with Analog Devices product. 

'lABTECH Not&bOok tni: m~riuat 
lABTECH Notebook software dr!VerJ 

<;;,'ooi~' ' "''<d.;.,,,";'" 

LABTECH Real Time Access 

"'··>i-. 
"· 

,.,, -.,~'•'<•YC'"J'YO '", '£:;"· •0,""• 

Order~l.';: PrfetEach 

::fr:~ 

LABORATORY 
TECHNOLOGIES CORP. 

I Can be used with Popular spread sheets& Data Bases. 
I Provides real time data acquisition_ into application programme. 
I Provides rear time modification of Notebook's process control environment 

For use with lABTECH Notebook, Rev. 3.0 and up. Allows a DOS application 
programme running in the 'foreground' to access the real lime data being acquired 
simultaneously by LABTECH Notebook running in the 'background', Includes 5%• Floppy 
disk, documentation, and single-user license. 

Note: This package is only suitable for use with Analog Devices product 

Order Code 

AC1909 

· ':-'· ~~.~~"Jpa Le•1212 ,::I'B 

Price Each 
' £251.00 

I Emulates an oscilloscope, chart recorder or XIYplotter. 
I Process Control capability: 
I Three trigger modes. 
I FFT and power spectrum analysis. 
I Technical report generation. 

U'-''\:::~ S·: -="7-,'1 \:~: 

Menu-driven data acquisition software that turns the IBM! PC XT AT or compatible into a 
data logger/oscilloscope. Extensive real time data processing features are included, 
enabling data to be read and processed by spreadsheets, database programs or by any 
programming language. Includes 5%" Floppy disks, documentation, and single-user 
license. 

For Terms and Conditions of Sale see fast page olthis catalogue 

The packages support the RTI-800, 815, and 820 boards. 

No!e: This package is only suitable for usew1th Analog Devices product. 

Order Code 
AC1507 

-S ·,-:o: ;,,. ?.11ilic Soltware 

1 Supports multiple All boards 
I Supports IEEE 488communication 
I Up to 256channels per application 

Price .Each 
C467.00 

,2.iST SOFTW ·.': 
TECHN~.:' .• 

I Multiplegraphicwindows 
I Built in analysis functiOn 

Advanced set of data acquisition, analysis and statistical functions for laboratory and 
scientific use. The packages consist of a number of interlinkable modules:-

Module 1 System, graphics. and statistics functions. 
Module2 Analysisfunctions. 
Module3 Data Acquisition functions. and RT!-800Series Drivers. 
Module4 IEEE488Communicalion. 

Two versions are available, one without IEEE 488 communications. Order Code AC1902. 
and one with IEEE 488 communications, Order Code AC1903. Both include 5%" Floppy 
disks. documentation, hardware key, and single-user license. 
The packages support the RTI-800, 802, and 815 boards. 

Note: These packages are only suitable for use with Analog Devrces product. 

ASYSTModules1.2,3 
ASYST Modules t, 2. 3. 4 

SNAPSHOT Storage Scope 
I Acquisition of up to 16channels 
I Oisplayuptofourchannelsin near real time 
I Magnitude displayed in engineering units 
I Oatafilescanberead by lotus 1·2-3 
I Replay data from disk and display graphically 
I Writedatatodisplay,diskorprinter 

•:.·.1 

OrderCocle 
AC1902 
AC1903 

-Each 
£1780.00 
£1962.00 

_ ... ,~~--~.··:· 
..1."\ ... ~ • .. ·.i "\.~\., ,-· .... 1 ·- • 

Menu-driven software that provides IBM! PC XT or AT based data acquisition and 
analysis with the power of a storage oscilloscope. Functions provided include data 
acquisition, disk acquisition. disk storage, graphical display, cursor and table analysing 
tools and intertace to spread sheet and statistical analysis pac~ages. Includes 5~~· 
l!oppy disks. documentation and single-user license. 

SNAP·CALC. allows high level calculations on data acquired via SNAPSHOT. 11 is only 
available as a package wah Snapshot. Includes s%· f!oppy disks. documentation and 
single-user license. 
Supports RTI-800/8151850/860. 

Note: These packages are only suitable for' use with Analog Devices product. 

Snapshot storage scope 
Snapshot storage scope and SNAP..CAlC 

AC1911 
AC1913 

£425.00 
£757.00 

Snap-FFT 
e Providespowerspectrumanalysis 
• Calculates up to 8182 points 

PE'.t :~T\ :O>t:oA~'C.I 
I Plots results on linear or LOG scale 
I Converts time domain to the frequency domain 

Frequency spectrum analysis package for use with SNAPSHOT SiORAGE SCOPE. Order 
Code AC1g11. lncludesS% ·Floppy disk, documentation ar.d single-user license. 

Note: This package is only suitable for use with Analog De·1ices product 

CQ::lrol:=G 

Order Code 

AC1912 

e Up to 128 analogue ir.;:a.:ts 
I Change displays ·o~ t~e fly' 
I High and low level alarms 

PriceEaeh 
£412.00 

I PIDcor.trol 

.,._ ...... ~-·-:: 

I Da:a 1cgging :o c:sk and pri~-ter 
I Real time sct:eC,;Ier 

Advanced. menu-driven software package, combi~i'lg data ac::uisition a~d process 
control functions of data lcsgers. programmable co~trotiers a."d ?ID cor.trol!e!S into a 
spreadsheet-like format. Easy to set up tabular a~d graphic c:splays. Includes 5%" 
floppy disks. documentatlC'r'l. and single-user license. Tt:e pac•ages suppon all the 
RTI-800series boards. 

Note: This packa;e is only suitable for use w.t~ A:-:alcg c,.-,:ces proC~oct. 

Order Code 

AC1904 
Price Each 

£425 00 

'5" SALES 0532-$36311 TECHNICAL 0532-799123 
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The DB-24 digital 110 panel provides sockets for up 6 plug in solid state relay modules • 
(opto-iso!ators) which provide the interface between high voltage external inputs and 
outputs and the m signal levels required by the RTI-800, 815, 817 and 820 boards. Each 
module handles 4 channels of the same type, offering up to 24 channels of isolated 
digital 110. The state of each input or output can be observed from the 4 LED's on each 
module. 

Power requirements + SV. 50 mA 1ma~1 per relay module. 
+ 5V.300 mA (max) fully populated system. 

Common mode ISOlation voltage 4QOOV rms inputto output 

DB-24 INPUT MODULES ·-
Aa~ge Turn on time Turnol!time Input current OrderCode 
4-16Vdc ""' IOOuS 4511'A'' 1016FQ 
1Q-32Vdc 5mS SmS 25mA 10320 
t5-32V ac 
9!)..140Vdc 20mS 20mS IImA IA121)Q 
90-140Vac 
1S0-260Vdc 20mS 20mS 7mA lA2400 

"15mAat-r5'/ 

DB-24 OUTPUT MODULES 
Range Turn on time Turn off time tnputcurrent OrOerCode 
12-200\'ac 112eye!e 112cycle 3A" OA24/JO 
5-60Vdc 1000uS 750uS ,.. 00600 
'per channel at20'C 

The RTI 800 Series boards will also Interface to the Crydom solid state relays shown on 
pagt161. 

PrfceEach Per Quantity 
1+ ,'6+ 24+ 

Opto lsolafor panel 
OrdlrCOde 
08-24 £122.00 £115.00 £112.24 

Input Modules 
4-16Vdc 

1G-32Vdc 
1016FQ 
ID32Q 

£55.00 
£43.00 

!52.25 £50.60 
£40.85 £39.56 

. 15-32Vac 
9().140V de .. 
90-140Vac ·. 

'··:.'.· .. ·,·,,::,_ ,. 
· IA1200 .. £43.00 ·£40.85 £39.56 . . 

.. 180-280Vdc. ~ .. £43.00 .:: £40.85 £39 56 

AC1315 

AC1324 
AC1335 
AC1518 

AC15851·1 

AC1585-2 
AC158-3 

AC1585-9 
AC1585-10 
AC1585-11 

109120-{)1 

OA10 

RM02 

0~~''"" 
ODSOQ 

,f. 'j> 

£43.00 £40.85 
£43.00 : .. £40.85 

£3956 
£39 56 

Cable tor use with 58 Minilolds, 2ft 26 way cable w1th 2 'emate me socket 
conne<:tors. 
Universal adapter board26 pin commector input26screw :er~~~al o~..:;:;.;t. 
Interface cable for use with RTI-800. 815 and 5801 Manulold. 
RTI-800 input1outpul signal simulator unit, incl1..des cables and 
documentation. Is used in system prototyping. 
Analog1..e and digital 110 screw termination panel, includes cable. (Not 
compatible with RTI-802) 
Analcgue 1/0 screw termination panel. includes cable. For use with RTI·802 
Digital 1:0 screw termination panel for direct wiring applicatio~s using 
RTI-800. 815. 
Interface cable for use with DB-24 par.el a !'Id RT-817. 820 
Interface panel and cables for use with DB-24 panel and RTI-800. 815. 
Interface cable for use with RTI-e60. slits to 5801 and AC1324 universal 
adapter board. 
Interlace panel and cable for use with RTI-800. 815 and two 5801 manifolds 
{OA iO also required). 
Multi~:ex.er expansion for use with RTI-800. 815 increases number of 
analo.,;t.e input channels from 16 to32single ended. 
19" Rac.._ mount kit for STB-GP, STB-TC and 08·24 

For Terms and Condlt;ons of Sale see last page of this catalogue 

STB-GP 

193-528 

AC!364 

Screw termination panel and cable for use with RTl-350. 860. includes cpen 
position matrix for user installed current shunts. resistor attenuators and 
low pass filters. 
Comprehensive data and some application r.otes on all the RTI-800 senes 
boards. DB-24, 58 modules and software. 
The RTI-200 boards are not covered but separate data sheets are ava1tabte 
on request 
Detailed user manual for tile 58 analogue signal conditioners. 

Price Each Per Quantity 
Order Code H 5+ 

AC1315 L16.00 £15.20 
AC1324 £34.00 £32.30 
AC1335 £64.00 t60.ao 
AC1364 £21.00 
AC1518 E3a3.00 £363.85 
AC1585-1 £102.00 £96.90 
AC1585-2 £102.00 £96.90 
AC1585-3 £102.00 . £96.90 
AC1585-9 £30.00 £28.60 
cAC1~1D £102.00 £96.90 
AC1585-11 £64.00 £60.80 
IOS12G-tl £128.00 £121.60 
OA10 £55.00 £5215 
RMQ2 £95.00 £60.75 
STB-GP £208.00 £19760 
193-528 £15.00 

Word is a powerful. simple and easy to use word processor ;>rogram. Its ac:var.ced 
features make it simple to produce top quality results. 
The screen display is a true representation of what will be output by the pn:-:ter. (a 
graphics card is required to display all available features). Taoles of contents and 
indexes can be produced at the end of document production. Tables of figures can be 
mathematically manipulated using .._, -, x, + and %. lists and tables can be sorted 
by a number of dilferel'lt criteria. 
Incorporated in the package are a 220.000 word. word finder thesaurus and an 80.000 
word dictionary, spelt ing checker. 
ASCII files can be used or produced. 
The program supports over 120 types of dot matrix, daisy wheel and I aser printers. 
Word wilt function wlth Rbase, dbase and the microsoft Bus or Serial.mouse. 

Supplied on 3%" and 5%" disks. 
System Requirements, IBM:§ PC, XT. AT, PS/2 or compatible wit'! 320K memory DOS 
3.1 min. two double sided diskdrivesoronefloppydiskdrive and a hard disk . 
Note: Versior~ supplied wil I be the latest available. Contact Sales Office for details. 

OrderCodt c 

1!1U19 
Price Each 

£395.00 

Project is a project scheduling and costing program that wilt work proje<:ts lastirg days 
to 120years with costs up to L21,000.000. 
The program's aim is to give the project controller the correct castings and timings to 
achieve tl1e stated goals. The program will accommodate schedt..ling ASAP, ALAP or 
date specific, resource costing, plan verses actual tracking, 'what ir analysis. resource 
use and activity reports, sort routines. 
The maximum number of activities is memory dependent, the mi!':imum system of 256K 
allows 100 activities to be monitored, each additional 64K will allo"N up to 200 ac'ditlonal 
activities. v­

The program includes an Interactive 30 lesson training disk that ta~es the user through 
the essentials of proje<:tmanagement. using Microsoft project. 
Data can be exchanged using other programs such as: Chart, Multiplan, Lotus~ 1-2-3. 
dbase us, and Primav~ra project planner!l. Data can also be ir;:·.t via ASCII files. The 
program supports mouse operation. 
Supplied on 3Y.t and 5Y." disks. 
Syslem Requirements. IBM!I PC, XT, AT, PSi2 or compatible, DOS 2.0"-, 256K memory, 
two double sided disk drives or one with hard disk. 
No le: Version supplied will be the latest available. Contact Sales cr:ce for details. 

Order Code 
193.016 

Price Each 
£345.00 

CMi;nued 

Securicor 'A' Service available on request. 

ifr SALES 0532·636311 ~CHNICAL 0532·799123 
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Excel comains spreadsheet. database and cl:arting faci lilies in an integ ~ ated package. 
Max.rmum worksheet size is 16.584 rows by256 columns. 
Exce1s intelligent recalculation saves time by only recalculating cel!s which are affected 
by a n~.;mber change. The powerful macro facility a!lows you to recall a commonly used 
sequence of keystrokes with a single command. 
There are 131 built in functions available for use in calculations. 
Presentation is easily controlled using up to four different fonts per sheet. variable row 
heights and column widths and shadirg. In addition 44 different types of chart are readily 
avai I able for graphing data. 
Excel can display worksheets and multiple charts on ·screen simultaneously and 
re-draws any charts automatically wher~ 1.mderlying data changes. 

The database facility allows the use of a spreadsheet as a database with fast searching, 
sorting and extracting of information. 

The database format makes it easy to enter records. review the dataOase and set search 
criteria. 

Up to 16,383 records and up to 256 fields are allowed, depending on available memory. 

Excel can also read/write files in many other formats including lotus 1·2-3, d8ase 11, 
dSase Ill and Symphony Release 1.2. 
Supplied. on 3%. and s%· disks. 

System requirements. IBM® AT, PS/2 or 100% compatible with 640K memory, DOS 
3.0+, one double sided disk drive and a hard disk. Graphics adapter card, VGA, EGA, 
Hercules or compatible. 

Version supplied will be the latest available. Contact Sales Office for details 

Order Code 
19U21 

Price Each 
£395.00 

Works combines word processing, database management, spreadsheets and 
communications in an easy to use program. 

A computer based training program teaches how to use the package and cal'l be used 
from within the main tasks to provideon·line help. 

The word processor includes facilities for mail merging to create personalised letters 
and special pre-designed formats for printing mailing labels. 
There is also a 100,0C(l word spelling checker and the facility to mix text with graphics or 
spreadsheets. 

The spread sheet program has 57 built in functions and allows up to 256 columns by 
4096rows. 

Split screen operation allows the user to view different parts of a large spread sheet 
simultaneously. 

Eight different chart types are available for displaying data. 
The database operates in form or list modes al'\d can sort up to three fields. lt can make 
use of the built in statistical and financialfunctions. 
For communications, terminal emulation allows the user to access services such as 
Te!ecomGold and Prestel. 
In addition. VT52 al'ld VT100 terminal emulation gives access to programmes on main 
frame and mini-computers. 

An auto-log-on capability is provided and files may be transfered to other systems using 
X.Modem. 

Supplied on 3Y.z~ and 5%~ disks. 
System requirements: IBM~. XT, AT. PSf2 or 100% compatible with 384K memory, DOS 
2.0 +. two 360 disk drives or one 720K disk drive or hard disk drive. Graphics adapter 
cards (for charting) CGA. EGA, VGAorHercules. 

Note: Version supplied will be the latest available. Conlact Sales Office for details. 

Order Code 

·.1113-Gl ' -­£145.00 

Chart is a complete business graphics program. 1t can derive data from Microsoft 
Multi plan, Lotus® 1-2-3. dbase If$, dbase Ill and many other application programs. 1t can 
output to screen or to 35 types of dot matrix printers, 17 plotters, 3 laser printers and 5 
film recorders such as the Polaroid palette. 
There is a built in gallery of 8 chart types. in 45 stal'ldard formats. Custom charts can be 
designed by the user and saved in a complete or data less format for future use. The 
standard chart types are, Area. bar, column, hi·lo, line. mixed, pie or scatter. Up to 12 
fonts are available and the output can be in up to 177 colours (hardware permitting), in 
EGA operation up to 16 on screen colours may be used with a resolution of 640x350 
pixels. Up to 16 charts can be put on a single page. When outputting to a plotter the 
tracking speeds can be adjusted to produce charts on transparencies for overhead 
projectors. 
There are 8 buill·in mathematical functions for data analysis. averages. cumulative. 
difference. growth (exponential cur~!! fitting). maths 1arithmetic combination of data 
series). percent, statistics and trend. 
Supplied on 3Y.z• and 5%~ disks. 

System Requirements. IBM! PC, XT. AT. PS/2 or compatible with 320K memory DOS 
2.0+, one or two double sided disk dnves. with or Without hard disk. Graphics adaptor 
card, CGA. EGA. Hercules or compatible. 

1!' SALES 0532-636311 TECHNICAL 05.32-199123 

Note: Versior: supplied will bete latest available. Contact Sales Office for details. 

.. ·'·; ' 

Order Code 
193-617 

Rbase System is a complete a·: sophisticated relational database management system. 
lt offers capabilities normally associated with minicomputer and mainframe products 
while being easier to use than m:stmi~rocomputer based packages. 

Rbase system is both single ar::: multi user. it can be t.:sed equally on a stand alone 'PC' 
or on most popular local area ~etworks. An unlimited number of users are permitted per 
package per network file saver, a~~itiona! sets of manuals are available. 

The system uses a conventio~al structure but places very few of the constraints on data 
size, content and complexity r.ormally associated with a microcomputer product. Data is 
st'lred in up to 80 tables. A table contains one 'row' (record) for each file entry, which in 
turn is divided into 800 colurr..~s (fields). Row number is limited only be accessable 
memory. 

Extensive facilities are available for the production of customised screen and print out 
documents. data only forms can also be produced, this is a menu driven programme 
generator that allows non·programmers to produce custom applications. A translator is 
incorporated tl1at converts applications to a binary file which increases .speed and 
prevents unautl1orised inspection or modification. A lull screen editor is built in, together 
with a complete menu driven imporVexport facility to exchange data with other 
applications. 
All popular data formats supported. These include lotus 1-2-3®, Symphony, dbase! 11, Ill 
and 111 Plus, SYlK (multiplan). DIF (Visicalc!), PFS File, ASCII (delimited on fixed field 
length). 
Supplied on 31~( and 5%. disks. 

A trial pack is available, this is a full specification programme that has been record 
limited. lt allows the potential user to evaluate the Abase system at at his leisure. 

System Requirements. IBM!i, PC XT, AT, PS/2 or 100% compatible was hard disk. DOS 
single user 2.0+, 512K RAM, Multiuser (on LAN) 3.1+, 640K RAM. The system will 
operate with any 40 to 256 column ASCII printer compatible with the users system. 

Note: Version supplied will be the latest available. ContaciSales Office for details. 

,' ": .. ~_-_,-;:-- .: .. ' '< 

R'b~~-·:;-.· 
Additional manual sets 
Abase~ pack}j~·-,-

H\Jh,-

Mu!tip!an 

Order Code 
193-004 
193-605 
193-608 

MICROSOFT 
Multiplan a single user on networlc spreadsheet program which can accommodate very 
-complex ~ork sheets with up to 4095 rows by 255 columns (1.044. 225 cells) and work 
sheets can be linked to give virtually unlimited computing power. 

The program has built in debugging facilities and auditing with pass word protection and 
data encryption. ASCII files can be read from micros, mini computers or mainlrames 
combined with the abitity to read/write to lotus 1-2·~ or SYLK files. Documentation can 
be time and/or date marked In a variety formats. Printing enhancements include custom 
headers, looters and page numbers. Column sorting can be camed out by alphabetical 
or numerical rules. Data can be transferred to Microsoft Chart to produce presentation 
quality graphics. 
The screen display features include: Dynamic screen he1ght from 11 to 43 lines with 
EGA support, on screen display of up to 8 worksheets at one t1me. mdividual column 
widths up to 64 characters, or screen display oflormulae or values 
Multiplan has a complete library of financial. statistical. mat~err:all:al. text and logical 
f~nctions, it also supports maths eo-processors 8087 and 80287. 
With Multiplan Network, individual worksheets can be dynam1cal!y hr.ked so that any 
change made to one will automatically be reflected 1n the others. even over a network 
system. 
Muttiplan is mouse compatible making movement around the worksheet simple. 
Information can be passed between multiplan. chan. word anCl ;Jro1ect. For network 
users additional manuals are available. 
Supplied on 3%( anl5%• disks. 
System Requirements. Single users: IBM'! PC. XT. AT. PS.( or compatible. 256K 
memory, DOS 2.0+. one double sided disk drive or one oou01e s,oed disk drive+hard 
disk. Network users: 256K memory. DOS 3.1~ on eact- *Orll.staMro a"!d a file server with 
a hard disk and one double sided d1sk drive. 
Note: Version supplied will be the latest available Sortact sales department for 
details. 

· Uuftiplan single user 
Multiplan Mtwork 
Additional manuals 

PrlceEKh 
£150.00 
£395.00. 
£60.00 

C Securicor '11.' Service available on request. ) 
~---~ 

Pricesareexclusrve of VA r WfiiC·~ Will becflargedextra 
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Windows turns your personal computer into a multi-tasking multi application working 
environment. 

The wmdows graphical environment significantly simplifies the use of multiple 
application programs. 
The drop down menus. dialogue boxes and icons, make sharing text and graphics 
amongst programs simple and efficient. 
Windows also looks like the presentation manager that will be the user interface ol OS/2, 
the operating system for ISM's next generation of personal computers. 
There are two distinct versions of Windo'NS, Windows 2.0 and Windows/386. They are 
identical to use and in presentation, they differ in the host computer that they run on and 
the number of tasks they can run is limited only by that host computer. 
Windows 2.0 is designed to run on 808818086 based computers such as the IBM® XT. AT 
PS/2 model 30 on compatibles. You can work with many programs at a time instead of just 
one. Most existing DOS applications take over the entire screen, yet you can still switch to 
windows and back again. Some applications such as dBase Ill PLUS, can be run in a 
window making it simpler to switch from program to program. No matter what applications 
are in use selected information can be copied and transferred between them. 
Windows/386 is designed to run on computers using the lntel 80386 processor. just as the 
COMPAO DESKPR0386oriBM PS/2 Model SO, or equipped with an lntellnboard 386/AT. 
Windowsf386 exploits the computing power and multi-tasking capabilities of the 80386. lt 
can control multiple DOS applications within their own 640K '808~ 8nvironment, any 
number of tasks can be handled dependent only on available memory space. 
Windows/386 supports programs written to use the Lotus-lntel-Microsoft (LIM) expanded 
memory manager without the need for expanded memory hardware, it uses the memory 
mapping capabilities of the 80386 to emulate the LIM interface. Full support is provided 
for the lntel80387 mathematics eo-processors. 
Both Windows 2.0 and· Windows/386 are supplied complete with the following 
applications:-

Wrlle. Easy to use word processor desiQiled for day-to-day personal and business 
tasks. Integrate information from standard applications; adjust fonts, type styles. other 
printing characteristics. What you see on tt1e screen matches what you'll get on paper. 
File compatible with Microsoft Word (meaning that Window Write can read Word files. 
and Word can read Windows Write files). 
Windows PalnL Drawing program for illustrating everything from reports to 
announcements. Add highlights to charts created in standard applications. Drawing tools 
Include lines, circles. rectangles, patterns, text, font styles and sizes, freehand figures. 
MS-DOS Executive. File management program. Provides access to common DOS 
functions, even while you're running other programs. Drop-down menus and dialogue 
boxes give easy access to common commands such as running a program, copying a 
disk, copying a file, creating directories, setting volume names. 
Appointment Calendar. Day or month view. Multiple built-in alarms: can be set to ring 
at any minute. More than one calendar file can be maintained simultaneously, tor 
keeping track of more than one person's appointments. Displays current time. date. 
Calculator. Convenient calculator for performing quick calculations. Answers can be 
pasted into application programs. Memory functiCJn. Enter data from keyboard or pointing 
device. Standard math functions. Square root Percentage. 
Carctlile. Rolodex style cardflle. As flexible as using 3"x 5" index cards. Accepts both 
text and graphics. Autodial from any phone number on cards (requires Hayes or a 
compatlbht modem). Automatically sort, search, edit and add cards. Display as cards or 
as a list of topline information. Copy text to and from applications, or between cards. 
Clock. Analogue clock displays time; continues to show correct time even when it's 
shrunk into an icon. 
Notepad. A text scratch pad and simple text editor for jotting down notes. 
Time-stamping option lets you maintain a log of your work. 
CUpboard. Clipboard program allows you to review current contents of information cut 
or copied from other applications. Clipboard function is built into windows. 
Revers!. Intriguing and challenging game. A comfortable way to get aquainted with 
some windows basics. 
Control Panel. Se! system paramelers. install prinlers or change prinler configurations. 
Reset time, date, screen colours, cursor blink, speed of mouse click. 
Terminal. Communications program. Send or receive information, even while using 
other programs. Copy information an~ paste into application programs. Adjust standard 
communications parameters, such as baud rate, communication port, and phone type. 
Autodiat feature works with Hayes or compatible modems, such as the 176-255 shown in 
Section30. 
Print Spooter. Work on one file white you are printing another. Available from any 
printable Windows application. 
Program Information File (P!F) Editor. Create and edit files that allow Microsoft 
Windows to run standard applications at maximum efficiency. 
RAMDrlve. Can set any portion of memory - such as a memory expansion card - an 
easy to access fast performing RAM disk. 

Windows2.0 is supplied on either 31,1" or 5'4" floppy disks package separately. 
Windows/386 is supplied on both 3%t and 5'4 "lloppy disks in a combined package. 

System Requirements: 
Windows 2.0. 18M3 XT, AT, PS!2 or compatible, 512K of memory. DOS 3.0 or higher. 
One double sided 5'4" floppy disk drive and one hard disk drive (recommended) or one 
double sided 360KS%• disk drive and one 1.2Mbs'4• disk drive. 
For 3Yz" based systems one 720K 3%" disk drive and hard disk drive is recommended 
but2 x 720K 3% • drives are acceptable. 
Graphics card. Hercu!es monochrome, EGA, VGA or compatible. 
Windows/386. A 386 based personal computer such as the COMPAO DESKPRO 386 or 
IBM PS/2model80. 
1Mb of memory 2Mb is recommended, DOS3.1 or higher. One 1.2Mb 5%" or 1.4Mb 3%" 
disk drive together with a hard disk with 2Mb of available space. 
Graphics card. COMPAOgraphics adaptors. EGA, VGAorcompatible. 

For Terms and Conditions of Saie see last page ofthis catalogue 

Windcws2.0-3~"dlsks 
Windows2.0- 5'.4" disks 
Windows/386- 3% ·and 5~" disks 

Order Code 
1...,. 
193-QO 
193-028 

Price Each 
£75.00 
£75.00 

£150.00 

I • ~~ .. ;• .... 

Windows Draw is a presentation graphics and drawing program that runs under 
Microsoft Windows. 1t is considerably more sophisticated than 'Paint' which comes as 
standard with Windows. Graphics produced on draw can be transported to 'Paint' or 
·write', 

Draw benefits greatly by running under windows, it uses pull down menus and dialogue 
boxes that speed familiarity and virtually eliminated the need to refer to manuals. 
Common commands have their functions duplicated on single key strokes. speeding use 
for experienced users. Draw does not use a conventional 'Bit map' as a storage method. 
Draw is 'Object' orientated. This means a circle is stored as an item in its own right with 
designated characteristics ie, diameter, line width. colour, fill, radius centre. This allows 
an object to be modified at any time, with any of its characteristics being individually 
accessible. 
Draw will produce drawings up to 34" x 34" (large drawings point across multiple sheets 
of paper). Multiple drawings can be viewed and edited, zoom in or out, display acttJal 
size. User definable grid/ruler scale in inches or centimetres with a grid lock for 
accurate technical drawing. There are many lines and shapes available with colour 
when an EGA is fitted. 
Draw will input Lotus~ 1-2-3 and symphony graphs. with each element of the graph 
being treated as a separate object. 
Supplied on 5'4" disks. 
System Requirements. IBM$ PC. XT, AT or compatible. Windows, DOS 2.0+ 320K 
memory. Two double sided disk drives or one plus a hard disk. Graphics adaptor card. 
EGA minimum for colour. 
Note: Version supplied will be the latest available. Contact Sales Office for details. 

Order Code 
19U1D 

PrfceEadl 
. £145.00 

.'.lacro Assembler cs;2cocec~~"nble fJJ '~!cqosoF 
Macro Assembler is a complete development env1ronment for MS-DOS assembly 
language programming. 
Assembler code can be developed and maintained for the Inter~ 8086 and 8o286. There 
is full support for the 8087 and 80287 maths eo-processors. The package comprises the 
following tools; Macro assembler, symbolic debug utility, object code linker, library 
manager, cross reference utility, program maintenance utility,.EXE !He compression 
utility ,.EXE file header utility. 
The assembly rate is 9000 lines per minute on an IBM® AT, data is accepted in binary, 
decimal, octal and hexidecimal formal The symbolic debug facility allows screen 
swapping between debug and user screens. The debug utility can be used for 
source-level debugging of programmes written in Microsoft C compiler, FORTRAN. and 
Pascal as well as for viewing the disassembly, breakpoints and single stepping are 
supported. 
The object code llnker will link Macro assembler routines to programs written in 
Microsoft C compiler, FORTRAN, Pascal, GW-BASIC, OuickBASIC and COBOL. 
System Requirements. IBM.!I PC, XT, AT, PS/2 or compatible, 256K available user 
memory, (320K recommended) (MS-DOS 'CHKDSK' will determine available space,) DOS 
2.0+, OS/2 1.0ttwo double sided disk drives, or One double sided disk drive and one 
hard disk, 8087 or 80287 optional. 
Note: Version supplied will be the latest available. Contact Sales Office for details. 

;· ... ::-·Macro a'Ss&mbier on.5l" disks : 
Macro assembler on 3% • disks 

o.derCode 
,, 193-618 
:;'193-834 

PrfceEadl 
£!15.00 . 
£115.00 

C Compi!er :.1lCR02Gri 
The C Compiler is a full imp!ementation of the UNIX system V, C language which 
includes many ANSI features and support for all proposed ANSI!ibraries. Microsoft C is 
also both source and object code portable, between the M5-00S afld XENIX' 286 
operating systems. In addition interlanguage linking allows the user to call sub-routines 
written in Microsoft FORTRAN, Microsoft Pascal or Microsoft Macro assembler from 
those in Microsoft Cor vice versa. 

The package includes, Microscft: Code View a source level windowing debugger. R 
supports multiple memory modeis. small, medium, compact, large and huge. lt has the 
ability to mix models using near. far and huge pointer. Programs up to 1 Megabyte and 
arrays greater than 64K bytes can be produced. The package wi!l support the 8027/80287 
maths eo-processors with err.~.lation support together with IEEE single and dOuble 
precision real numbers. Under MS-DOS 3.1 ;- with Microsoft Networks 1.0 or under !SM.!l 
PC network, Microsoft: C Compi<er supports multi-user network access With both !ile and 
record locking. Start up code is i r.corporated for easier creation of ROM resident code. 
The package has to be used in cc" junction with the Microsoft M01. .. se. 
Supplied on 3~· and 5%" floppy c:sks. 
System Requirements. IBM$ PC, XT, AT, PS/2 or compatible 385K memory DOS 2.0-'-, 
Two double sided disk drives or o ~e plus a hard disk. 
Note: Version supplied will be t.'"e latest available. Contact Sales Office for details. 

Order Code 
193-921 

Price Each 
£345.00 

continued 
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116 Computer Products & System Support 
r;:NI' Compatible Softwa~·e- con~:nued 

f.::::r:OSOFT 
OuickBASIC is a !as: BASIC compiler. 11 has a comprehensive full screen editor an 
enhanced integrated ~9bugger and fut18087/80287 matr,s eo-processor support. 

The debugger can t·a:e up to 26 errors during a compilation without interrupting the 
compilation process. ·..,hen complete the debugger highlights the errors line by line. The 
debugger also has s:~gte step, animate and trace modes. variables can be displayed 
during debugging. TRe compilation process is fast. up to 12,000 lines per minute on an 
IBM! AT. 

The compilation ea~ :ai!e place totally in memory or stand alone code can be produced, 
compilation para~Te:e·s can be set up to optimise say. speed or size. Macro assembler 
routines can be lir:~.e: '' the main program in speed sensitive sections. 

OuickBASIC supports :he 8087180287 eo-processors. but if at run time these devices are 
not present the prc;~am automatically reverts to a full IEEE 80-bil emulation. When 
eo-processors are re: available Microsoft Binary maths routines offer fast 64 bit floating 
point processing. 

Modular programmi~; is supporled for separate compilation with full global or local 
variables. Direct access to the DOS and BIOS interrupts are supplied with the user 
library. 
QuickBASIC will compile IBM BASICA and Microsoft GW-BASIC with minor or no 
modification, it will also run with ProKey, SideKick and SuperKey. 

System Requirements. IBM'! PC, XT. AT, PS/2 or compatible, 320K memory, DOS 2.0+ 
one double sided disk drive optional Bus or Serial mouse. 

Note: Version supplied will be the latest available. Contact Sales Office for details. 

OulckBASIConS%" disks: 
Quick BASIC on 34 *disks 

order cOde-;:.-
193-623 
19u:JS 

Price Each­
£75.00 . 
£75.00 

EEC 8asi: (85) M·TEC 
BBC Basic can now be used on a PC~ compatible running MS.DOSi, or equivalent 
Almost all the features of BBC Basic are available, including: 

I Multi-lined named procedures and functions 
I In-line assembler using standard mnemonics 
I Serial, random and indexed disk files plus the ability to access any byte in the lite 
I VOU commands, graphics, sound 
I Full screen editing 

Any differences between BBC BASIC (86) and Acorn BBC Basic are purely due to the 
hardware limitations of the PCi. Within these hardware limitations BBC Basic (86) has 
been designed to be as compatible as possible with Version 4 of the 6502 BBC Basic 
resident in the BBC Micro 'Master- Series. 

Please Note: 
I Apart from 'FX15 (flush KB), FXcalls are not implemented 
I Onlyonesoundchannel 
I Graphics screen is0.1279 points wide. Q-799 points high 
I ln·line assembler is8086!8088 
I MODE's are slightly different (Telex mode is not available) 

MOt;le Pixels Output 
0 64Qx200 2Colour0isptay 
1 320 x 200 4Colour Display 
2 32Qx200 4CotourDisptay 
3 None 16ColourTextOnty 
4 320 x 200 4 Colour Display 
5 320 x 200 4 Colour Display 
6 None 16CotourTextOnty 
7 None MonochromeTextOnty 

Columns x lines 
8Q X 25 
40 X 25 
40 x25 
8Q X25 
40 x25 
40 x25 
40>25 
80 X 25. 

Modes 0 to 6 are only available if PC~ compatible colourlgraphics adaptor is fitted. 
Mode 7 is only available if PC& compatible monochrome adaptor is fitted. 

I 32 Cotoursavailable(including highlight) 
I VDUcommands()-31 and 127available 
I Moreflexiblefilehandling 
I Access to MS.OOS using * commands or OSCU (BBC BASIC will execute BBC 

BASIC (86) from within your own application program). 
I LIST IF command to search program and list occurrences of specified string. 
I Full screen edit Scrolling backwards and forwards through program, eliminating 

need to continually list. 

OnlerCode.cc., PrtceEadl, .,.,, 
,, 193-151 £95.00 --' ' 

::22:z!:::ompii~~ vs·z:c~~~crr.pa!ibte • ~~I:ROSOFT 
Pascal Compiler is a powerful systems development language that allows programmers 
to create highly readable modular. and transportable code. Pascal has a clean block 
structure and procedure orientation. 11 is well suited for many systems software 
programming tasks. 
The package is based on proposed ISO and ASNI standards to ensure language 
compatibility. Microsoft Pascal source code is compatible across the XENIX 286 and 
MS;DOS operating systems. 

Large programs are supported, up to 1 megabyte under MS.DOS or 1.3 Megabyte under 
XENIX. Separate mOdule compilation allows a library of routines to be produced and 
then linked together. Low level escapes are included which allows programmes to 
access assembler routines or memory locations directly. · 

Subroutines written in Microsoft C compiler and FORTRAN can also be incorporated. 

'lr SALES 0532-638311 TECHNICAL 0532~199123 

The package supports the 8087180287 maths eo-processors and also allows emulation of 
these devices, should they not be present. For speed critical applications where 
eo-processors are not available an alternative 15 digit BCO maths library can be 
selected. 
Supplied on s%· disks. 

System Requirements. IBM! PC. XT, AT or compatible, 320K available user memory 
(512K recommended) MS-DOS 2.1.;., or 0St2 1.0 or higher, two double sided disk drives. 
or one double sided disk drive plus a hard disk. 

Note: Version supplied will be the latest available. Contact Sales Otfice for details. 

PASCAL on 5% ~disks 
PASCAlon3%" disks 

~·c: 7L'!·bo \'ersion 2. 

I Manual or automatic track routing 
I RunsoniBM®PC,XTorAT(or 

compatible) 
I Plonerorprinteroutput 
I Schematic drawing facility 
I Component library 

Order Code 
193-636 
193-637 

Price Each 

£235.00 
£235.00 

.INSTAGRAPH!C 

I Window facility allows any part ofthe 
drawingto be moved, copied or erased 

I Runs with standardcolourmonitorwith 
Colour Graphics Adaptor (CGA) or 
Enhanced Graphics Adaptor (EGA) 

The PCB Turbo has been upgraded with many major and minor changes. some of the 
more significant changes are:· support of Enhanced Graphics Adaptor (EGA) for 
improved resolution, support for the Gerber photoplotter output format, and the ability to 
print artworks on Epson dot matrix printers. A lull list of changes can be obtained via a 
data request or by telephoning our Technical Sales Department 

The PCB Turbo program is a sophisticated printed circuit board design package which 
will enable the the user to produce artwork for single or double sided printed circuit 
boardsuptoamaximum size o124• >< 24•. 

An autorouting facility allows automatic routing of tracks from a 'ratsnesl' of direct lines 
via either one or both sides of the board. Alternatively tracks may be placed manually by 
marking point to point with the input device being used. The last track drawn may be 
repeated any number of times. 

The program will run on the IBMt PC XT, or AT computer or any machine which is truly 
IBM compatible and has a minimum of 640Kbytes RAM and a serial port A colour 
monitor with the relevant colour graphics adaptor (CGA) or extended graphics adaptor 
(EGA) is also required. lt is possible to use a monochrome monitor as part of the 
system, however in this case the different layers of the board will be presented as 
varying shades of grey. 
Artworks are laid onto the screen using a selectabte O.t• grid. Pads and tracks can be 
placed on a 0.005• minimum spacing therefore a very high packing density is possible. 
Components may be placed at desired locations. within the specified board outline, 
either by drawing them on the screen or by extracting them from a component library. 
Newly-created components may be named and saved as library parts.. 

Any part of the drawing screen may be erased. copied, moved or saved on disk by 
placing a window around the area required. Full panning and zoom facilities are 
incorporated and six.Jevels of screen magnification are available. Nine sizes of round or 
square pad and nrne sizes of track may be defined by the user and placed on one or 
both sides ofthe board. 
A full schematic drawing facility enables the user to draw tines, boxes, arcs and circles 
to create silk screen overlays or circuit diagrams. Text may be selected from three ·sizes 
and placed either on the silk screen layer or in copper. 
The completed design may be sent to an HPGL compatible pen plotter, Gerber 
compatible photoptotter or an Epson compatible printer to produce artwor1:s for each 
side of the board plus silk screen ident. solder mask and drilling template. A Quickplot 
for checking purposes may also be produced. Cursor control is via the keyboard, 
Microsoft Bus mouse or trackerbaU. 
An upgrade is available for Version 1. Any person who has purchased the Version 1 
program (193-168) since 1st January 1988 will receive the upgrade free of charge. For 
purchases before this date the upgrade is chargeable. To obtain the upgrade. whether 
chargeable or not. the original Version 1 'Datakey' must be returned with a written 
order. telephone orders will not be accepted for the upgrade package. 

FOR A SUITABLE PLOTIER 17&-841 OR 17&-096 SEE PAGE 144 

FOR A SUITABLE MOUSE ln-530 SEE PAGE 107 
FOR A SUITABLE TRACKER BALL 176-923 SEE PAGE 156 

PCB Turbo Version 2 
Upgrade tor ~9~168 (Version 1) 

OfderCode 
193-180 
193-181 

PrictEach 
£695.00 
£195.00 

Prices are exclusive of VA T which will be charged extra 



PROCESS CONTROL TECHNOLOGY 

Process Control Unit (PCU) is a unique. benchtop system for 
both the theory and practice of a microprocessor controlled 

'·•·-' ···'·- three PlO control. 
is as a complete training package and comprises a 
Rig, or PLC Interface Module, Power Supply, 

ler<1cti1re Software and User Manual. 
Rig features a variable speed pump. heating element, 

meter displays, 5 indicator displays. 2 solenoid valves. stirrer 
switch. Feedback is provided by a flowmeter and 3 Platinum 

tsistanc:e Temperature sensors. For comparison. manual control 
also provided. 

Modull19s are available which connect the Process Rig to either a 
PC or to a Programmable Logic Controller. Full access is provided 

various interfacing boards enabling a study of signal conditioning, 
driving, ADC, DAC and analogue power control. Several unused 
channels are available for future expansion or student project work. 

A suite of Interactive Programs 
allows quick set up and running 
of a process cycle. 
Proportional, Integral and Deri­
vative values are defined by lhe 
user who can study the systems 
response to differing set point, 
load or step change conditions. 
The response may be shown as 
a graph, system mimic or printer 

,,. , ,.., , .,..,. output. A data logging facility is 
also provided. 

lnrnnr.ohon<i''" manual provides details of the system plus several 
i . Using these, students can investigate different 

determining a system's performance and how a three term 
is developed. '"'""i:l!i3*tol' 

INTERFACE MODULE 
module enables a PLC to control the PCU. A unique, universal 

· i board allows virtually any PLC offering a minimum of 4 
inputs and 2 analogue outputs plus 8 dioitall 0 lines to be used. 
module control programs can be developed in ladder logic format. 

Control: Complete BBC Package 
Control: Complete IBM PC Package 
Control: Complete PLC Package 

{ 

Process Rig Module 
BBC Interface Module 
IBM Interface Module 
PLC Interface Module 
Power Supply Unit 

CODE PRICE 
PCU1 
PCU2 
PCU3 

PCSR1 
PCCM1 
PCCM2 
PCPLC1 
PCPS1 

£5145 
£5285 
£4443 
£2995 
£1652 
£1792 
£950 
£498 

Complete training package for Process 
Control and Instrumentation. 

Interfaces to BBC-'-, IBM PC & Clones. 

Interfaces to Programmable Logic Controllers. 
Flow, Temperature & Adaptive Control. 
Interactive Program for Studying Three Term 
PID Control. 

User Defined System Parameters. 

Real-Time Response Graphs and System 
Mimics. 

Data Logging - Stores Response Graphs for 
Later Analysis. 

Student Accessible Software plus 
Programming Exercises. 

Supplied Complete with User Manual & 
Student Exercises. 

CBL-3 provides an excellent introduction 
to process control. Each CBL package 
is supplied with a Student Workbook 
and Program Disc which is divided into 
several interactive tutorials. Each tutorial 
uses a combination of system mimics 
and response graphics to illustrate the 
control of fluid level. 
The effect of different lags on step. ramp 
and sine wave disturbances, on-off con· 
trot, deadband and finally PID control 
are described. Users learn at their own 
pace and on completion will be able to 
tune a three term controller with confi­
dence. tif.!!il*i33'':PJ 

ORDERING INFORMATION: 

DESCRIPTION 
BBC Single User Licence 
BBC Multi-User Licence (6 Users) 

CODE 
CBL3BB 
CBL3BB6 
CBL3BX 
CBL3PC 
CBL3PC6 
CBL3PCX 

PRICE 
£295 
£650 

£95 
£395 
£850 
£125 

BBC Additional Licences (per Computer) 
IBM Single User Licence 
IBM Multi-User Licence (6 Users) 
IBM Additional Licences (per Computer) 

J:..(:wa;$lif@i~i:;i;. ~..?..:_~.:j~:;~·,; -·;;- ~~-~-,- :TI:, 1 ! ~) :.:'~_-:) 
Superb package for modelling control 
systems. Allows transfer functions to be 
defined in terms of operator ·z· and 's'. 
New features include: 

Discrete time systems. 
Global Parameters. 
Non-Linearitles. Disturbances. 
Non-Unity Feedback Systems. 
Regulator Pertormance. 

ORDERING INFORMATION: !t\U1iJ!•t:ii 
DESCRIPTION CODE PRICE 
IBM Single User Licence CODAS2PC £475 
IBM Multi-User Licence (8 Users) CODAS2PC8 £600 
IBM Additional Liceoces (per Computer) CODAS2PCX £45 

Made in U.K. 



Available Now! The new, enhanced version of our highly successful 
Computer Based Learning package CBL-PACK1. 

Introduction to Microcomputer Control. 
The package contains everything you need for teaching this fascinating 
subject and includes: 

1 Sequencer 11 Electro-pneumatic Application Unit. 
1 CBL Interactive Program Disc. 
1 Student Workbook and Reference Manual. 
1 Connecting Cable. 
1 24 110 Interface Board (PC Version only). 

The package is very simple to set up and use. The Sequencer 11 provides 
a realistic and meaningful application whilst the highly interactive nature 
of the CBL program reinforces the learning process. Students quickly leam 
how to issue commands which cause piston movement and how these can 
be combined to form an open loop program. The concept of feedback is 
explained using different types of sensor, namely microswitches, magnetic 
reed switches, opto-through beam and a pressure switch sensor. An 
output to a warning buzzer is also provided. Students can easily "page­
back" and repeat a tutorial allowing them to learn at their own pace. 
Tutorials include: 
1 Introduction to Microcomputers- Fundamental Terminology. 
I Binary Codes, Decimal to Binary Conversion. 
1 The 110 Port, its Function and Use. 
1 The Data Direction Register and its lnttialisation. 
I The Need for Signal Amplification. 
I Outputting Commands for Solenoid Movement. 
1 The Importance of Delays to Allow Time for Electro-Mechanical 

Devices to Respond. 
1 Introduction to Writing Open Loop Programs. _ 
1 Introduction to the Use of Sensors. 
1 Inputting Signals from lhe Outside World, i.e. Feedback. 
1 Masking Out Unwanted Signals- The 'AND' Instruction. 
I Introduction to Writing Closed Loop Control Programs. 
I Student Assignment. 
On completion of the course sludenls will understand how a micro­
computer can control external devices and receive feedback signals from 
sensors via an 110 port and be able to write a closed loop control program 
with confidence. 
A power supply providing 12V @ 1 Amp and Air Supply providing 4 bar 
@ 20 Litre/min are required. See Ordering Information box. 
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Authoring Runs on Colour Links with Student Multi-user Stud em Notes tll 
t' system other media illterface network managenze111 I:'J 

U1 ·-·------.·---·-----
MENTORJI Sirius No Videotape Light pen Stand-alone Y~; Compatible ,_. 

IBM PC 16 from Videodisc Mouse with machines 
palette Audio Touch pen running 

1-3 of 128 Standard on UCSD-p >< PMSLMentor keyboard "' H 
n Microi'LATO Viking No Videotape Touch screen Stand-alone Yes New product 

I ~ Zenith 16 from Videodisc Graphics tablet and enhancements w 
IBM re pnlet!e Audio Special Network expected soon CO, 1:'1 

\D 

~ Control Data of256 keyboard I 
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0 Teclmology keyboard 
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REGENCY REGENCY 16 from Video tape Touch screen Network Yes Good 

Micro palette Videodisc Graphics tablet simulation 1-3 Rediffusion of256 Audio Special facilities :I: 
0 Simulation key hoard :>;) 
H 

WISE \VICAT 16 from Videodisc Touch screen Multi-user Yes lesson delivery z 
G'l Micro pallete Audio Graphics t~hlct and soon available 
1-3 \VI CAT of256 Standard Network on 18M I'C 0 

Systems keyboard 0 
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(A) Distributed. Croup Learci.ng 
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Student 3 
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Student 1 
(Task. A) 

• 

Student. 4 
(Task 'D) 

(B)· Centralised/Localised Croup Learning 

Compute.r 
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Student 2. 
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Computer 
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• • • • •• 
Singh Croup Multiple Croup 

G denotes an individual group melliler 

FIGURE 5.23 - TYPICAL APPROACHES TO GROUP LEARNING WITH 

COMPUTERS 
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(a) Ability to operate in both an autonomous mode and a networked environ­
ment 

{b) Provision of support for a variety of human-computer interaction tech-
niques . • 

(c) Ability to cater forboth line and frame oriented dialogues 
(d) Provision of good frame-editing facilities 
(e) Caters for the provision of graphics, animation. and audio 
(f) Capable of providing highly end-user oriented interfaces. that is, it must 

be user friendly and easy to use 
(g) Capable of providing adequate database and knowledge base support 

facilities 
(h) Able to capture broadcast (radio and TV) material from global distribution 

systems 
(i) Provides support for a variety of information storage media 
U) Able to create dynamic models of individual students and to use these to 

produce highly individualised instructional schemes 
(k) Capable of incorporating standards (where they exist) in order to facilitate 

the exchange of instructional material 
(1) Ability to produce generic material that can be easily modified to meet 

different requirements 
(m) Capable of providing an extensible environment that is able to accommo­

date unforeseen advances in technology and user requirements 
(n) Capable of being made highly reliable and of being easily maintained by 

local technicians 
( o) Able to provide facilities to support parallel simultaneous tasks (through 

multi-tasking and multi-processing) 
(p) Able to support inter-task communication with parallel activities 
(q) Capable of providing facile control of the learner's interaction environ­

ment. ---------------------------------

TABLE 5.2 - REQUIREMENTS FOR AN AUTHORING ENVIRONMENT 
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Broadcasting 
agency 

............................................................. p Satell;te "ansm;ss;on 

Optical fibre 
data links 

! 
l: 

/l~softw.,e 
/l 

I .. 
........ 

GS Ground Stalion 
CP Communications Processor 
PSN Public Switched Telephone Network 
T Interactive Terminal 
LAN Local Area Network 

Figure 1.13 A computer based open learning system fer CAL. 

FIGURE 5.24 - A COMPUTER BASED OPEN LEARNING SYSTEM FOR CAL 
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Consideration Interview Questionnaire 

1. Personal need to Requires Requires a clerk 

collect data interviewers 

2. Major expense Payment to Postage and 
interviewers printing 

3. Opportunites for Extensive Limited 

response-keying 
(personalisation) 

4. Opportunites for Extensive Limited 

asking 
5. Opportunities for Possible Difficult 

probing 
6. Relative magnitude Great (because Mainly limited to 

of data reduction of coding) rostering 

7. Typically, ttle limited Extensive 

number of 
respondents who 
can be reached 

8. Rate of return Good Poor 

9. Sources of error Interviewer, Limited to 
instrument. coding, instrument and 
sample sample 

10. Overall reliability Quite limited Fair 

11. Emphasis on Limited Extensive 

writing skill 

TABLE 6.1 COMPARISON OF INTERVIEW AND QUESTIONNAIRE 
METHODOLOGIES 
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Interview Questionnaire. 

l. lvba t sub j eo t areas and leve 1 do you teach? 

2. Hhat teaching/learning met!:lods de you utilise? 

3. "bat type of computer do you use in your teaching and 
for what purpose? · 

4. lvba t programming lal'lguage do you :'avour? 

5. '•bat do you understand by computer assisted 1;=9-r:",ing? 

6, Do you use it? 

7. If not why not? 

8. Are you likely to use it, be prepared to use it if forced to, 
or are interested in using it? 

9. If you use it how do you utilise it in your classes? 

10. What types of software have you used with the clas3es 
you teach? 

11. ~~at future trends would you like to see develop in terms 
of CAL usage? 

12. What are your main areas of interest in using software? 

13. What do you think of the present quality of soft.,.are 
available for your areas of work? 

14. What are the main features you look for in CAL 3cftware 
packages to deem them good quality? 

15. General Comments. 

TABLE 6.2 INTERVIEW QUESTIONNAIRE 
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Principal: Rosemary Gray 
Director of Education: Mrs D M Tuck 

Walsall College of Technology St Paul's Street, Walsall WS1 1XN Telephone: (0922) 720824 
335927 WALCOT G 
(0922) 29967 

Telex: 
Fax: 

-------DIVISION OF TECHNOLOGY 

Dear 

With refarence to our telephone conversation of the 
25th May 1989 concerning my NSc dissertation on Computer Assisted 
Learning. I'Iany thanks for agreeing to allow your staff to participate. 

If possible, could you forward the names of staff willing to 
participate in interviews, and the days and times of the week when they 
are available. All staff must be teaching on BTEC National and/or Highe= 
National Certificate courses in Electrical/Electronic Engineering. The 
number of staff not willing to participate would also be an helpful •• 
statistic. I have enclosed an attached sheet with the times when I 
am available to conduct the interviews, but I can alter these to suit, 
given prior notice. 

I would like to stress that all interviews will be in the 
strictest confidence, and that the completed dissertation will bear no 
reference to any individual or College. Also a copy of the dissertation 
will be sent to yourself and may be disseminated amongst your participating 
staff and other interested parties as you see fit. 

If you could let me have the information requested above as soon 
as possible, if will be a great help in planning my overall-visiting st=~tegy 
to the various Colleges. 

Once again, many thanks in anticipation of your co-operation. 

Yours sincerely, 

(m::o:HS HEATH) 

FIGURE 6.1 - COVERING LETTER TO CONFIRM SURVEY 
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COLLEGE CONTACT ADDRESS 

MR. D. HEA':.'!l 

DE?AR~~~ OF :2L~T:l!CAL A.NJ :!:UGTRONIC 
ENGINEZRIKG 

WALSALL COLLEGE OF T~:IDJCLCGY 

ST. PA!TL I 3 ST!t.E8r 

WALSALL 
\vSl u:1 
WEST l'JI;:)L.A!lDS 

TEL 1;0 ( 0922) 720824 

HOME TEL NO : (05436) 73602 

TIMES AVAILABLE TO CONDUCT INTERVI~vS 

MONDAY 2.30 - 4.30 EVERY 

TUESDAY 9.00 - n.oo ~lEEK 

~IE!l.'IESDAY ALL DAY UNTIL 
END 

FRIDAY 2.00 - 4.30 OF 
SID-lMER TERM 

FIGURE 6.1 (CONTINUED) 
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----------------------------------------------------------------------------------------

Case studies have a number of advantages that make them attractive to 
educational evaluators or researchers. Thus: 

1. 

2. 

3. 

4. 

5. 

6. 

Case study data, paradoxically, is 'strong in reality' but difficult to 
organise. In contrast, other research data is often 'weak in reality' but 
susceptible to ready organisation. This strength in reality is because 
case studies are down·to-earth and attention holding, in harmony with 
the reader's own experience, and thus provide a 'natural' basis for 
generalisation, 
Case studies allow generalisations either about an instance or from an 
instance to a class. Their peculiar strength lies in their attention to the 
subtlety and complexity of the case in its own right 
Case- ~tudies recognise the complexity and 'embeddedness' of social 
truths. By carefully attending to social situations, case studies can 
represent something of the discrepancies or conflicts between the 
viewpoints held by participants. The best case studies are capable of 
offering some support to alternative interpretations. 
Case studies, considered as products, may form an archive of 
descriptive material sufficiently rich to admit subsequent 
reinterpretation. Given the variety and complexity of educational 
purposes and environments, there is an obvious value in having a data 
source for researchers and users whose purposes may be different 
from our own. 
Case studies are 'a step to action'. They begin In a world of action and 
contribute to it. Their insights may be directly interpreted and put to 
use; for staff or individual self-development. for within-institutional 
feedback; for formative evaluation; and in educational policy making. 
Case studies present research or evaluation data in a more publicly 
accessible form than other kinds of research report. although this 
virtue is to some extent bought at the expense of their length. The 
language and the form of the presentation is hopefully less esoteric 
and less dependent on specialised interpretation than conventional 
research reports. The case study is capable of serving multiple 
audiences. it reduces the dependence of the reader upon unstated 
implicit assumptions ••• and makes the research process itself 
accessible. Case studies, therefore, may contribute towards the 
'democratisation' of decision-making (and knowledge itself). At its best, 
they allow the reader to judge the implications of a study for himself. 

. 

FIGURE 6.2 - ADVANTAGES OF THE USE OF CASE STUDIES 
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r:U:-:r:l'= Buainen l T~hniclan 
L:JI L.l.:2.:l Education Council N Mwr; c.. I v tp I o rn c. 

( :!tc..+ ~ E'n,~ E:nJ ) 
NE04 

Fonn AS 

Application for Approval 
Oat• 

Centre-devised Unit/Subject I DECEMBER 1986 I 

Centre number 

Centre name 

Unit/subject title 

Value 

Instruction/Learning 
support time 

Levei{Stage{Year 

Prerequis~es 

eo-requisites 
(to be studied in parallel) 

Exemptions 

Summary of Aims 

Assessment scheme 

Other courses in which this 
un~{subject appears 

If the course is being submitted 
concurrently,leeve the last 
column blanlc 

If already allocated 

120845 

WALSALL COLLEGE OF TECHNOLOGY 

INDUSTRY AND SOCIETY 

[§QJ hours 

NONE 

NONE 

NONE 

The aims of this unit are to enable the student to: 

(a) Understand how people are involved in relationships 
within industry and their role as consumers. 

(b) Understands how industry is financed and organised 

(c) Understands the nature of industrial strategies 
in a time of increasing technological change. 

. 100% Assignments Model H. 

Award and title :Course/Application No 
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Teaching and 
Learning strategies 

Assessment scheme 

2 

3 

Industry and Society N. 

Learning is essentially student-centred 
within a structured framework. Wider 
participation will be sought wherever possible 
in order to incorporate work-related problems. 

This unit is supportive to the core studies 
as a vehicle for integration. Students should 
be encouraged to think for themselves wherever 
possible, with centre staff adopting a 
monitoring/counselling role. 

It could be helpful to hold critical analysis 
sessions to highlight common and individual 
deficiencies in content/presentation of 
students' work and allow group discussion 
resulting from this. · 

1 The scheme will have 100% assignments based 
on BTEC Model H. 

2 Some of the assignments will require oral 
·presentation which will supplement the written 
and graphic work. 

3 The weighting of each section of the unit is 
shown under the Principal Objectives. 

4 The assessment of the unit will be based upon 
a comprehension of the Principal Objectives 
together with an understanding of how to plan, 
communicate, implement, evaluate and present 
assignment work. 

Special Notes Assignments will be defined within the aims 
and objectives of each section of the unit thus 
coordinating the assessment scheme overall. 

2 The nature and scope of assignments wil) 
reflect the nature of employment associated with 
the course. 

3 The number of assignments will reflect the 
depth and breadth indicated by the aims and 
objectives. 

4 The philosophy outlined in this unit will form 
the basis of the approach to all assignments 
and particularly those components of each unit 
which combine to form the integrative 
assignments. 

5 Communication skills are expected to form part 
of the assessment in all sections of the unit. 
These will include oral, written and graphic 
skills and information retrieval • 
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Section 

A 

B 

c 

D 

Relationsips 
in industry. 

(20%) 

The Consumers and 
Producers. 
(20%) 

Finance and 
Organisation 

(20%) 

Industry and Change. 

(20%) 

Industry and Society N 

Principal Objectives 
plus indicative content 
or specific objectives 

Understands the nature of industrial relationships 
in the workplace. 

(a) Considers the aspirations of people at work. 

(b) Compares rights and obligations between 
firms and employees. 

(c) Appreciates the structure, aims and methods 
of trade unions and employers' organisations. 

(d) Recognises the role of government in 
industrial relations. 

Understands the relationsbip between consumers and 
producers. 

(a) Appreciates the different methods of buying, 
se 11 i ng, bor.rowi ng and saving. 

(b) Comprehends Consumer Protection. 

(c) Evaluates the effect of advertising on 
buying and selling. 

(d) Compares rights and obligations between 
consumers and.producers. 

1 Understands how industry is financed and organised. 

(a) Comprehends various forms of business 
organisations in the contect of the mixed 
economy. 

(b) Appreciates how these organisations are funded. 

(c) Examines the role of Government and its 
funding of the mixed economy. 

Understands the impact of technology on society. 

(a) Appreciates technological change and how it 
affects 

-G-

organisation and work practices 
Economic development 
environment 
1 ei sure 
employment 



E National and 
Regional Industrial 
Policies 

(20%) 

Industry and Society N 

1 Understands the nature of industrial 
development in the context of local and 
central government policies. 

(a) Appreciates the role of Government 
on national industrial strategy. 

(b) Recognises the regional policy for 
industry in the West Midlands. 

(c) Understands how international 
conditions affect industry. 
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1 
I 
l 
l 
' 1 

( 

• 

r:, IC"::":r.:l Business & Technician 
L.:JI ~Education Council 

UIW N'IUZII>er 
086/328 

Standard Ullit 

Ullit title 

Value 

X..&nWtq 
support time 

Co-~tes 
(to be studied 
ill parallel) 

Exemptioua 

·sammarr of aims 

TeaciWI9'leanWI; 
strategies 

Enqtneeting Applications of Comi'Uiers 

0.5 

Typic:aJly 30 houn in respect of a put-time cou:se (where it is complemetUecl by 
woric-basecl e:rpenentiallearning) with up to 4S houn being more usual in full-time 
courses. 

Nli 

None 

None 

None 

To provide an impoztallt pan of the c:entnl foct:S for the development and inteqn.rion 
of slcills and latowleclqa relevant to the Student's present and turure role as a 
Technician anc1 to enable the smdent to: 

a appreciate the use of comi'Uiers in enqtneenng industries: 

b understand the operalion of a computer system; 

c recoqnise the role ofU!ililies and applicarions packages m computer systems; 

d appreciate the importance of the man-mac:.'Ul!e mterface; 

e recogruse the dllfarences berween. and applicarions Q(, high and low level 
lanquaqes; 

f use applicarions paclcaqes on a computer to caay out spec:.fiecl enc;tneelinq 
tasks. 

2 

3 

When designing implementarion strat"9les. tea clung staif should consul! the 
appropnate course quldelines. Owdance provided in the speciicaoons of other 
core uttils should also be COIISiderecl. 

Col\Sidention should be given to the inteqnnon of objec:lVes, p&r.~c-.:iarly 
section E. into the rest of the prcgnmme by using the compwer •ppropnateJy in 
engineering assiqnrnents relaringto other units. 

Emphasis should be placed upon the development of leanung ac:moes 
desiqneclto ensure that stUdents qain expenence oft.ie prac:tcal applications of 
computers in engineelirig contexts. so that the auns and pr-.nc:pal obJectives Will 
be achieved. 



,. 
' ' .I 
! 
I 
I 

( 

EA;iDHriz19 Appllcati- of Comllll!•n Nil 
118&'3%8 

· Asaesamelll scheme Assignments and other assessment deVlCI!S should be planned in such a way u 
to 1denafy cleuly the knowledge and slcils tl'.at ue to be assessseQ. 

Speciahtotes 

2 ln order to qain a pass qrade for the urut :.'le stUdent must achieve the leuning 
outcomes expressed by the pnnc:paJ obJeCtives. A student would not normally 
be awuded a pass qrade wnhow ac!ueYl:lq a satisfactory level of competence 1n 

relation to all the skills and knowledqe e:rpressed by the Sl'eeil!C objeenves 
under pnncipal objectives A to 0. 

3 ln section E. the empham is on the applic:aC.on of slclls and knowledge 
introduced by earlier objectives. The student must demonstrate eoml'ltence in 
running application pacl<aqes to achieve specified tasks, foUowing a loqieal 
sequence of steps. The teachers appraisal of the whole process and of the 
degree of success of the student in aehievmq each step will contribute to the 
overall assessment of the stUdent. I! is suqqesred thar atleast 50% of the total Ultit 
assessment is by assignment work centred round section E. 

4 Section E. including both principal objec'mlS 5 and 6, must be completed 
successfully in order to I'8SS the unit.lt is expected that the assignment re 'POrtS 
will be used to assess other slcills and knowledqe, including comrmmic:alion 
skills. In such cases it may be appropriate to extend repons beyond the 
minimum required for the assessment of objeeuves 5 and 6 ~nly. 

Approximately one third oflearning suppon time should be set as~de for 
sec:ioliS A to D and approximately twO thuds should be allowed for sec:ion E. 

2 Pans of objective~ will best be aehievedbypraetieal clemonsttaiionson a 
computer/microproc:essor system (for example speed. memory space). 

3 Under S41etionEthe vetb 'use' is intended to include loaclingofproc;rarr_, (where 
appropriate), operallon of the system ancl tlte clislllay and recording of results 
(where appropriare). 

4 Before the stud em commences assiqrunem work under sec:ion E. the system to 
be used by the student should be idenn!ieclbythe teae.~er and discussed with 
tlte stUdeiiL 

5 Leuning should be largely or whoUy assi;mnent based. To aclueve this the rwor 
should plan a series of assignmentS to eoverthe content of the uniL 

6 The level of the unit is defined by the objeCIVes but the des~qn of leuning 
activities, including assiqnmentS, should :ake into account the stage of 
clevelopment and other experience oftlte student. 
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College Ref. ~02 

8/TEC 
Business & Technician 
Education Council 

Unit Number 
U86/328 

Unit Title 

Value 

Level 

Special Notes 1. 

.. delete 
as 
applicable 

2. 

ENGINEERING APPLICATIONS OF COMPUTERS 

0.5 

N II 

_The content for this unit together with relevant 
learning support time is detailed below. 

The content used is 

..(a) a non-amended version of the standard unit • 

.. (.IIJIXXXX:aJIIXUIIJIIIiltiXJ:Priazl>&Xim& 111!rixWalxa~k~X 
_ ti.tiatlxJiiiiiii&JtlllxlD:ail:.:ahl!rj&Ot.l<ltaiS. · 

!DENTI- TITLE OF SECTION PRINCIPLE SPECIFIC L£ARNING 
FICATION OBJECTIVE OBJECTIVE SUPPORT 
LETTER No. LETTERS TIME ~ 

A Industrial Acclications of Comcuters 1 a - b 9% 

B Comcuter Svstems 2 a - f 13% 

c utilities and Aoalications Packaaes 3 a - e 9% 

D Hiah and Low Level Lanauaaes 4 a - b 9% 

E Use of Comauter Svstems in Enaineerina 5 a - h 1 ~0% . ) I 6 ) 

I I I 

Asstssr~ tnf • un;t ASSI4')"' mto.:fs 2 5'1. 
lnitqre.-ir./c. Assr,~mc ... f? 25°1. I 

'7 • T; V 

chd of I/Yut t~+ so'/, 
. I I I 

I 

I 
I 

I I 
I 

i 
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Seetio11 

A llldusatal 
appUcadoas of · 
computezs 

E:Aperillg Applicadou of ComputeD Nil 
118&'328 

Pnncipal Objectives 
plus indicaave content or specific objecaves 

Undemancls the factors qoverninq the selecaon of a computer system for a 
parac:ular enqineerinq application. 

a Compares the characteristics ofa computer to be used in fields of: 

• process comrol 

• computer aided desiqn 

• compwer aided manufaclare 

• simulation and prediction 

• qualily corurcl 

• routine stores corurcl 

• routine fiiiar.cial control 

• storaqe and retrieval of records. 

b EzplaiN the multiple role ofthecompwer in enqineennq as a controller, 
data processor and as a sou:ce ofmanaqementinformation wtth pa:Uc:ular 
reference to lit interface requi:emertts. 

a Understands the hart!wve and software of a basic computer system and the 
inter-relationship. 

a Uses a block~ of a computer system to ezplam the function of the 
foUowtnq harc!ware componenlll: 

• theCPU 

• thestore 

• input/OUipUiinterfaeinq 

• periphera!WansducerstccntroUers 

b Disc::iminalesbetween. andidenliliesthe main charactensacs o~ main 
memOI"f and back-up memol"f. 

c DisnnquiShes between Read/Write and Read Only Memol"f. 

d ExplaiN the importance of non-volalile memOI"f in certain. engmeerinq 
applications. 

e Explams that a program of macltine code instructions, software or fimlware, 
causes information to be rowed between the CPU, the memory, the 
interfaces and peripherals. 

3 
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3 Computer system 
opera non 

C Utilities ucl 
appUcatioDS 
pacltatJH 

cr1. 

D m;Juncl low 
levellu9Uves 

EA9in 1 erila9 Applicadans of Compaten Nil 
tl8&'3Z8 

ldentllies the charae~ensocs of typical peripherals employed in a compUier 
system. 

3 Analyses the use of unlities and applicacons packaqes. 

a E:xplams the need for an operaanq sysrem. 

b UsesthecommandsofasimplemorU1or/operalinqsystemtoCREATE. 
SAVE, DE:Lm. etc files. 

c Oistinqtzishes be!ween systems software (ulllities) and applic:alions 
software. 

d Discusses the advazuaqes of user friendly softwue eq a menu driven 
system. to improve the man-maclune interface. 

e ExplaiN the necessity of user friendly hardware for transfer ofinfornwion 
to or from the comPUier eq joysticks, mouse. 

4 Analyses the use of hiqh and low levellanquaqes. . 

a Compares ahiqh leve!lallguaqe izlsttuction with itS eqwvalent assembly and 
machme code instrucaons wuh reference to: 

'Cf 1. • ease of proqrammmq 

• speed of eDCIIIiDD 

E UH of compater 3 
systiHIISID 

111~11' 

ho 1. 

• amOWil of memory required to store 

• cost. 

b Explau\s the fullctiarls of an assembler, an interpreter and a compiler. 

Uses commercial or pre-prepared softwarelfimtware paclcaqes to simulate 
:ecM!ques appropriate to the stUdent's discipline. 

a uses a compUier system in an elementary on/off control situalion eq 
temperarure or level controL 

!:> Uses a computer system tocontrolasequence of physical operations eq the 
sequential control of pneumanc: hydraulic valves and ac:uators or the use of 
a ?roqtammable Lo;u: Controller. 

c Uses a comPUier system to sort matenals or compcnents. 

d Uses a CAD/CAM system to carry out an operation appropriale to the 
srudem's occupadon. 

e Uses a comPUier system to perfo::n a simple enqmeer.nq adrnlllisuative 
ta.slc eq sehedulinq or stores controL 

Uses a computer system to perform a sunple process control task eqdata 
loqqinq or P!D controL 
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EDIP"Hmv AppUcadou of Comll'lten Nil 
U8&'328 

g Invesu<;ates the use of computers in a communication system eq sateWte 
tracking &ne! controL control of an excttanqe, mterfacnq between a 
penpheral &ne! an exchange, control of a SWitc:hinq system, cellular radio, 
packet SWitching, frequency tracking and aenal trackinq, 

h Uses a computer system to perform some task other than those in • to gbut 
wluell is particularly appropriate to the student's occupation. 

6 Writes a repon on eaell of the assignments selected from 5 above to m corporate: 

• hardware requirements 

• L'O interfaeinq requirements 

• man-machine interface (effectiveness, ease of use, ruggedness, 
presentation of ourput). 

5 
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COCRSE T"'"'T'T :' 
I I COURSE CODE NOI 

SUB.JECT/UNIT .... ;....:. T-~· I Il/D. APP. OF COHPC:':'ERS I SUBJECT CODE 
I 

U85,'3:9 

TOPIC TITLE IUSE OF CAD 
I 

SYLLABUS REF. Ed 

ISSUED BY I R. TILSTON I DATE 09/0:/39 

Using the C~D system provided make a copy of the diagram iss~ed. 
You should ~ake use of the standard library components, magni:y:::.c; 
and rotating as neces.s?ry. Your diagram should include your na.-:-.e 
in the bot~om right hand corner. 

When your diagram is complete(or when t~e session e!".ds) ·:c·.: 
should save your diagram to disk, and print out the resul-:. 

You should then write an accol.!::lt of the use of the C.~i:l sys-:e::: 
explaining what conunands, keys, and devices you used. Also w::a: 
problems you have experienced a::d how you t!tink the sys;:em cc:.::c. 
be improvec!., 

Finally, compare the system to what you would find in industry :~ 
terms of speed, quality, facilities, hardware etc. 

FIGURE 6.ll(a) -ASSIGNMENT No.2 
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~No. of sheet;\ 
1 of 1 I 

·~..li..S;.LL COLLEGE OF iECHNCL:JG'I 

',<::::·r:"''.J-·­
\"'~;-''~"''t..l . .• a. ~ 

COURSE TITLE I I COURSE CODE No.: 

~S U~B~J~E C::cT!../ U~N!!I.!..T ~T_:IT.!.!L:.:E+.:.: ::;::C:.:c:.S -:..· R..;.:A.,:L:.,:_.A P::P.:.L ::! C.,:A.:..T ;:.:Q~NS:;-:O;_F .;.C.:.OM.:..P..;.U ...:TE;...R.:.S --rSU,_,B:::J E:::C:.:.T...:C:.:O::::D E=:;--ue-5-; 3-2-9 -­

~TO~P_:I~C~T..:I.!..TL~E~----+-=US:.:'~JF_.:.C:_j~.:..P.:.U.:..TE=R:...:..TO~S=OR.:..T~------------~S:.:.Y~L~LA~B~U~S.:..R~Ec~~..!.E~c-------
ISSUED BY R. -:~;-oN DATE 30.11.37 

BEAD SOR7E< 

Using the sc.:: .. are ar.d harCware provided, examine the Bead Sorter package. 
Utilize al1 ::~~:r.s avai}able 1n the menu and experime~t with time delays 
and entry :.: l;;,.;r c· .. n ;Jarar.:eters. 

Note dc· . .,n !".:"' ~"e Sfs:e:m ·~cr!<s, ccrr:ment en each method of operaticr: and 
the use"" f:-·e .. ~lir.ess of the system. Finally consider what types of 
industry t . .,~ s SJStcm · .... ou1d be best suited to and, for those stuCents in 
employrte".t, r.c·,... ycu might be able to utilize this system at your place 
of work. . ( ~ · :~.:r in your de?artment or any other} . 

FIGURE 6.12 - ASSIGNMENT No.3 
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DE?ARTME~i OF ELECTR:CAL AND Ec~·:TRO,~!C ENGiNE~.<!.~G 

~o. of sheets 
of 

,

1

' ASS~G;;;.=t:r;-
.~o. , 

COURSE TiTLE I COURSE CODE No.: 
SUB~ECT/UN[T T[TLE [NOUSTR[AL APPUCAT:DIIS OF CONP~TERS SUBJECT CODE I UZE/323 
TQP[C TITLE 

tSSUEO BY 

USE OF A COMPUTER TO SEQUE:iCE. SYLLABUS RE~. I '~ 
R. HLSTON DATE I 30.11.87 

PNEUMAT[C SEQUENCER 

Using thesoftware and Dardware proviCed, examine the Pneumatic Se-:;~,;e~cer 
package. Utilize all oPttons available 1n the menu and experi;::ent ·~~~::;, 
time delays and entry of your own parameters. 

Note down how the system works, coiT'Ji.ent on each method of opera:icn a~c 
the user friendliness of the system. Final consider what ty~es cf :r.:~s:ry 
this system would be best suited to and, for those students in e~pl:::i~e.,:, 
how you might be able to utilize this system at your place of wcr~. 
(Either in your department or any other,) 

FIGURE 6.13 -ASSIGNMENT No.4 
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:·iA.S!.LH C:JLLS:GE OF 'T';:CHNOLQGV 
Q::'"=' .:..? ...... '.ft;-;J,.... OF :;o;,;;C'!'R "'!"'CAL N'i"D ELEC"'S,ON..,.C t;-:tG -~·:r::::R -;JG 

~o. of shee~3 A.ssig:-.:ne~t. 
1 of 2 No. E'!:~AL 

C:JURSE T::::~LE I I COURSE CODE NO 

SUBJECT/UNIT TT..,...T:' ... ~- ... E~cineering Applications 
comouters 

of SUBJECT CODE U86/328 

TOPIC Ti:TLE Computer Systems, Utilities 
imd uses 

SYLUBt:S REF. 2 I 31 £5 

ISSUED BY R. TILSTON DATE !9/l/89 

The final assignment is to be comple~ed under exam conditions 
within 90 minutes. The re~irements for the assignment are 

* IBl1 personal computer wi:~ t•,.,..o disk drives 
* A text editor eg Wordstar 
* Block diagram of a Microprocessor system (attached) 
* One formatted diskette co~taining test and readme !i:es 
* One unformat~ed diskette 

No notes are to be used and the studer:.t should return all pape:-·.vo=k 
and both diske~tes at t~e end of the session. 

ALL INSTRUCTIONS ARE ON TP.~ WRITE PROTECTED DISKETTE. 

TO READ INITiaL INSTRUCTIONS ENTER AT THE C> PROHPT 

TYPE A:READHE <enter> 

FIGURE 6.14 -ASSIGNMENT No.S 
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I~ llllHiiii'Q~'t! Busine?s & Tech~ician 
.:..l/J/III.H "' Educat1on Counc1l 

Unit Number 
USG/332 

Standard Unit 

Unit title 

Value 

Learning 
support time 

Level 

Prerequisites 

eo-requisites 
(to be studied 
in parallel) 

Exemptions 

Summary of aims 

Teachinqlleaming 
strategies 

Electronics 

As a guide, it is estimated that the material included in the bank is equivalent to 
three units (3.0). 

The whole, therefore, represents 180 hours of study in respect of a pan-time course 
(where it is complemented by work-based experiential learning) with up to 270 
hoUrs in full-time courses. 

NUI 

Electronics NU, Mathematics NU, Electrical and Electronic Principles NU 

Electrical and Electronic Principles NUI 

None 

The aims of this unit are to enable the student to: 

a achieve a high level of competence in applying modem electronic devices; 

b select appropriate measuring and test equipment; 

c test and evaluation electronic systems and devices against manufacturers' data; 

d select appropriate components and parameters to implement specific 
functions . 

Other aims should be defined by users according to ·material selected and in 
relation to other units and the aims of the programmes. 

I Wherever possible an investigatory approach should be adopted and normally 
at least 40% of the learning support time should be devoted to practical 
laboratory-based activity. 

2 Tests should be conducted with emphasis on the correct use of measuring 
instruments and techniques and with reference to appropriate objectives in 
other units. 

3 The result of most test and design activity should be reported using the most 
effective and appropriate means. Whether formal, informal, wtinen er oral, 
such reports may form the basis of assessment not only of objectives of this unit 
but also of communication and other skills. 

1 
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Electronics NUl 
U86/33Z 

Assessment scheme Because of the practical nature of the unit, assignment work should be the main 
vehicle for assessment An appropriate plan is 50% of total unit assessment 
devoted to assignment work and 50% to a structured end test assessing the 
student's knowledge across all principal objectives. 

Special notes 

a Alternatively, the above plan may be modified to include a phase test, in which 
case the end-test mark allocation may be reduced. 

3 All programmes in the Electrical/Electionic'Communications/Computing area 
must include one major integrative assignrilent relating to objectives from at 
least three units. It is possible that the assignment may involve objectives from 
a unit formed from this bank. 

1 The unit comprises a bank of material from which centres may select principal 
objectives and associated indicative objectives. 

a Programmes in Electrical and Electionic Engineering should include principal 
objectives 13, 14, IS andl6 in the selection unless these are covered I) 
elsewhere. 

8 

3 Centres are required to indicate the appropriate learning suppon time !or each 
major section of material seleCted. As a guide, it is estimated that the material 
included in the bank is roughly equivalent to 3.0. · 

4 The emphasis throughout should be on the use of integrated circuits rather than 
discrete components. 

5 The student should be encouraged to adopt a critical approach to testing and 
measurement techniques and the appraisal of results obtained. 

I) 



Section 

A Decibels 

B Amplifiers 

• 

• 

Electronics NUl 
U86/332 

Principal Objectives 
plus indicative content or specific objectives 

Uses logarithmic wtits to express measured values of gain and attenuation. 

a Explains the advantages of expressing power gain in logarithmic wtits. 

b Expresses voltage and current ratios in decibels. 

c Explains the need for reference levels ( eg dBmJ. 

d Solves problems using decibels. 

2 Measures and reports on the characteristics and performance of power 
amplifiers . 

a Explains the difference between Class A and Class B operation and 
emphasises the advantages and disadvantages. 

b Describes the operation of a Class B power amplifier having a 
complementary output stage and single transistor driver stage. 

c Tests and reports on the amplifier described inb. 

d Tests the performance of a single-chip power amplifier against 
manufacturers' data. 

3 Determines the characteristics and performance of a small-signal runed 
amplifier. 

a Describes the operation of a simple single-stage runed amplifier. 

b Sketches and explains a typical frequency response diagram for the 
amplifier described in a . 

c Tests and produces a gain/frequency response curve for a simple single­
stage runed amplifier. 

d Uses the response curve obtained inc to determine the gain/bandwidth 
product of the amplifier, varies the gain of the circuit mentioned in a and 
notes the effect on the gain/bandwidth product. 

4 Investigates the operating characteristics of a linear operational amplifier in a 
number of configurations. 

a Compares the characteristics of an ideal linear operational amplifier with 
those of a practical integrated-circuit device by reference to 
manufacturers' data sheets. 

b Derives an expression for the voltage gain of a system compr.s~~g a 
high-gain amplifier with voltage feedback. 

c Explains the diiference between positive and negative feeCJ:ack. 

d Explains the effect of negative feedback on: 

9 



B Amplifiers 

C Oscillators 

D Pulse waveforms 

10 

··--·- --··-- ----------·-------

• gain 

• gain Stability 

• bandwidth 

• distortion and noise 

• input and output impedance. 

Electronics NDI 
1186/332 

e Explains the operation of a voltage follower and derives expressions for 
the voltage qain and input resistance. 

Derives an expression for the voltage qain of an operational amplifier when 
connected in: 

• inverting mode 

• non-inverting mode 

• summing mode 

• difference mode . 

g Uses manufacturers' data sheets to design one of the amplifiers described 

in!. 

h Constructs and tests the amplifier ing and reports. 

5 Designs and tests a sinusoidal oscillator. 

a Deduces that for sinusoidal oscillations 1-BA must equal zero at only one 
frequency and describes methods used in practice to achieve this. 

b Discusses the gain-phase relationship of an amplifier and its associated 
network to produce oscillations, including cases where amplifier phase­
shift is not o· or 180°. 

c Explains the operation of a single-tuned-circuit oscillator and estimates its 
frequency of oscillation from a given formula. 

d Explains the advantages of using crystal control in oscillators. 

e Constructs and tests a simple Wien Bridge oscillator using an JC 
operational amplifier, referring to manufacturers' data. 

6 Measures the characteristics of a pulse waveform. 

a Defmes and illustrates the terms: 

• pulse width 

• pulse amplitude 

• rise time 

1) 



D ?cise ·.vavefcr=r.s 

E Noise 

• decaytime 

• overshoot 

• sag 

• repetition frequenC"/ 

• mark to space ratio. 

b Measures the characteristics of a pulse. 

7 Understands sources of noise and methods of reduction. 

a DisC"'JSses sources of noise. 

Electtonics NIII 
U86/332 

b Ca!C"J!ates signal to noise ratio in dB, g;ven the signal and noise ;ower. 

c Discusses methods of reducing the effects of noise orig;natinq ·na 
radiation, distortion and thermal effects, etc. · 
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F 'l"rl, CMOS and ECL 8 Investigates the operation and charac:eristics of TTL, CMOS and ECL gates. 
gates 

a Desctibes, with reference to a .,;.rcuit diagram, the operation of a: 

• TTL NAND gate 

• CMOS NOR gate 

• ECL OR/NOR gate. 

b Explains the meaning and compares typical values of: 

• propogation delay 

• fan-In and fan-out 

• supply voltage 

• logic levels 

• noise immunity 

• power dissipation 

with referer.ce to the manufacrurers' literarure on TTL, CMOS ar.d ECL 
gates. 

c Explains the use of the following types of TTL: 

• open-collector 

• totem pole outpt:.t 

• Schcttk'f. 

11 



F :~i. CMOS ar.d =::L 
gates 

G Combinational 
networks 

....... --··-. -·-·----· ------------------

ElecnoDics NIII 
U86133Z 

d Determines the value of pull-up resistors to be used with an open-collector 
TTLgate. 

e Investigates the operation of TTL and CMOS gates with respect to: 

• loading effect on logic levels 

• noise immunity. 

9 Designs and tests minimised combinational networks using SSI gates. 

a Deduces the truth tables for combinational systems with up to four 
variables. 

b Explains that incompletely specified functions will contain don't careican't 
happen conditions. 

c Uses a Karnaugh map to obtain a minimised function and inverse function. , ); 

d Describes the problems that may be caused by hazards, and explains how 
static hazards may be eliminated. 

e Designs, implements and tests a minimised static hazard-free 
combinational network using: 

• NAND gates only 

• NOR gates only. 

B Sequential systems 10 Investigates the operation of circuits using MSl devices. 

a Explains the reasons for using MSI devices. 

b Distinguishes between synchronous and asynchronous operation. 

J. 
c Explains the operation of master-slave and edge-triggered flip-fiops. 

d Investigates the operation of an MSI: 

• 4-stage asynchronous binary counter 

• 4-stage synchronous binary counter 

• 4-stage BCD counter 

• universal self-register, ie paralleL/serial in, seriaL/parallel cut. 

e Explains the function and tests the operation ot 

• a Sclunitt trigger 

• a monostable multivibrator 

• an astable multivibrator 

12 
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H St::quennal.syslems 

I Display devices 

J 1!.· D and D·ll. 
conversion devices 

- ---------------------------------------

Electronics NIII 
USS/332 

constructed from an operational ampliiieriSSS timer and external 
components. 

Explains the functions and tests the operation oi commercial MSI: 

• ·decoders and encoders 

• multiplexers and demultiplexers 

• code converters 

• adders. 

q D~sc:ibes the operation and uses of the various types of ROM and the PLA. 

h Constructs and tests combinational functions using a multiplexer, a ROM 
andaPLA. 

11 Investigates the operation of display devices. 

a Describes the operational characteristics of LED and LCD display devices. 

b Describes the features of seven-segment, star-burst and dot matrix 
displays. 

c Designs, constmC'.s and tests a SSI circuit driving a seven-segment display. 

d Connects commercially availal::le displays and driver circuits to 
appropriate equipment and tes-.s unit operation. 

12 Investigate the operation of analogue-digital and digital-analogue conversion 
devices. 

a Explains two methods of converting analogue signals to digital equivalents 
and compares their relative features. 

b Investigates practically the charateristics of a commercially available A-D 
device with reference to manufacturers' literature. 

c Explains one method of digital-analogue conversion. 

d Investigates practically the characteristics of a commercially available D·A 
device with reference to manufacturers' literature. 



APPENDIX 7 



Aims, 
Values and 

/
Ncedsofthe~ 
FE Scheme 

~ 
Evaluation ._ • RESOURCE ._ _. Design 

~ALLOCATION/ 

lmpktutioo 
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