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PREFACE 

Technology and industry are closely related . 

New technologies generate new industries, and by that changes in the labour market. 

Schools have to prepare their students for that new labour market. 

'Technology Education and Industry' has been the theme of the fifth international PAIT 

(PAIT = Pupils' Attitude Towards Technology) conference, held in Eindhoven, the 

Netherlands, April 18-23, 1991. 

The PAIT conferences deal with the development of technology education, especially in 

general education. 

There are two publications from the PAIT-5 conference. 

This Volume 1 'REPORT' gives a summary of the key note adresses, the paper 

presentations, and the discussions in the working groups during the conference. 

Volume 2 'CONTRIBUTIONS' contains the full text of the papers. 

The two volumes can be read independently. 

We like to thank all those who have contributed to this conference by submitting a paper. 

We also thank the Dutch Ministry of Economic Affairs for making the PA IT-5 

publications possible, and DSM and Unilever for their financial support. 

Ilja Mottier 

Jan H. Raat 

Marc J. de Vries 
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1. PATT 

THE INTERNATIONAL TECHNOLOGY FORUM 

1.1 What does 'PATT' stand for? 

PATI is the acronym of "Pupils' Attitude Towards Technology". It shows how the series 

of PATI conferences started: as the result of a research into pupils' ideas about 

technology; their concepts of and their attitudes towards technology. 

In 1984/85 at the Eindhoven University of Technology (Eindhoven, The Netherlands) we 

(Marc de Vries and Jan Raat) did a nationwide research among 2.500 pupils/students in 

the second form of general secondary education (grade 8; 14 year olds) in the Nether

lands. The results were striking: pupils appeared to have a narrow and distorted concept 

of technology: they thought it was all about machines and equipment. Girls thought this 

even more then boys did. Surprising also was that a survey of the literature showed that 

so far not so much research had been done into pupils' (and teachers') attitude towards 

technology. 

And this in an era of rapidly growing influence of technology on the labour market, the 

economy, the environment. 

So we decided to try to initiate an international research project into Pupils' Attitude 

Towards Technology, or PATI. 

At the conference on Gender And Science And Technology, GASAT-3, held in London in 

1985, UK we presented first results of our national research and invited researchers of 

other countries to join the research. 

1.2 The PATT-l conference; Eindhoven 1986 

In 1986 the results were presented and discussed at a workshop at the Eindhoven 

University of Technology. Pilot studies had been done in various countries (Australia, 

Canada, Hungary, Kenya, Nigeria, Poland, Sweden, United Kingdom). 

This meeting was to be the first of a series of conferences, called PA TI. 

As a result of the PATI-1 conference, the research instruments (a Likert questionnaire 

and essay assignments) were improved and used for further study. 

But one cannot discuss results and questions of research into pupils' attitude towards 

technology without discussing developments of curricula and/or materials to promote a 
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better concept of and attitude towards technology, and/or questions concerning the 

education of technology teachers. 

So the attention of the meetings broadened widely; meanwhile the name PA IT was kept 

for easy recognition. 

The name of the newsletter we published to keep in touch with the researchers, however, 

was changed from PAIT-Newsletter to TECHnology EDuca-tion NEWSletter (TECH

ED-NEWS). 

1.3 The PATT-2 conference, 1987 

In 1986/87 more pilot studies were done in other countries, and a number of medium and 

large scale studies were carried out. 

The results of these new studies were presented at the second PA IT conference in 1987, 

again in Eindhoven. 

But this time the PA IT-studies were not the only issue to be discussed. The main themes 

of PAIT-2 were: research, divided into PAIT-research and related research, and curricu

lum development. Apart from this attention was paid to teacher training. 

1.4 PATT-3 with the theme 'Frameworks for School Technology'; 1988 

As a next step in having the PA IT-conferences on 'Technology Education', though 

always having PAIT-research as an essential element, the third conference, PAIT-3, 

1988, was the first with a theme focussing on 'technology education' and not only even 

not especially of research. The theme was 'Frameworks for school technology'. 

The four subthemes of PA IT -3 were: frameworks for Technology Education, P A IT

research, related research and its relevance, how to make technology education attractive 

to girls?, the education of teachers for technology education. 

The main part of the program was devoted to presentations and discussions that were 

aimed at looking for a general framework for technology education (in general education). 

In discussions at so-called 'science & technology' conferences the technology part mostly 

was underrepresented. We were convinced, as we still are, of the necessity to have a 

special discussion platform for technology. It appeared that many people worldwide 

agreed on the idea of an international platform especially for technology education. 
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1.5 PATT-4: 'Teacher education for School Technology'; 1989 

In 1989, the Pedagogical Technological College (PTH) in Eindhoven became the hosting 

institute for PAIT conferences. Until that year, the Eindhoven University, located at the 

same campus, had had that role. 

The PTH was just about to start a technology teacher education program that year. 

Therefore it was not surprising that we chose 'Teacher Education for School Technology' 

as the main theme of the PAIT-4 conference. This issue had already been discussed 

briefly at previous PAIT conferences. The subthemes were: frameworks for technology 

teacher education, PA IT research, women in technology teacher education, teacher 

education for primary school technology. 

As one can see, a certain constant structure for the PAIT conferences became evident: 

-a certain main theme, concerning Technology Education, and 

-a number of subthemes that reappeared each conference: 

PA IT -research, sex equity in technology education, teacher education for technology 

education, and elementary or primary school technology education. 

We decided to have PA IT conferences biannually in stead of annually. This decision 

allowed to have PAIT conferences with a more national and/or regional character in the 

years in between two international (Eindhoven) PA IT conferences. 

1.6 PATT-conferences in Nairobi, Kenya and in Lagow, Poland; 1990 

In 1990 two such conferences have been held: 

-one in Kenya, organized by R. Kapiyo, F. Othieno and H. Otieno with the theme 

'Curriculum and socio-cultural issues in Appropriate Technology' (February, 1990), and 

-one in Poland, organized by Stryski, Szydlowski and others on 'Technology and School' 

(April, 1990). 

In 1992 Blandow will have a conference in Erfurt (Germany; the former German 

Democratic Republic), in which PAIT will also be involved. Proposals are on the way to 

have more 'regional' PAIT-conferences in 1992 also. 

1.7 PATT-5: 'Technology Education and Industry'; 1991 

PATT-5 had as its main theme 'Technology Education and Industry'. 

The five subthemes were: 
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-technology education, industry and the labour market, 

-research in technology education and industry, 

~techno10gy education and attracting women for technological professions in industry, 

-technology teacher education and industry, 

-primary school technology and ind ustry. 

1.8 PATT-6 on 'Technology Education and the Environment'; Eindhoven, 1993. 

The PATT-6 conference will be held in 1993 March 25-30,in Eindhoven, with as the 

main theme: Technology Education and the Environment. Worldwide it is recognized that 

pupils/students and young citizens should become aware of the great influence technology 

has on our natural environment, in order to make them more conscious of the need for 

keeping it clean and suitable for living in. 

1.9 The PATT foundation 

To enable a more flexible and efficient organization and financial policy, a formal PA TT

foundation has been established by the end of 1990. 

The board of this foundation consists of Jan Raat (chairperson), Ilja Mottier (treasurer) 

and Marc de Vries (secretary). 

1.10 PATT 

The international Technology Education forum 

The situation with respect to Technology Education conferences has been changed since 

PATT started. Several other organizations have international conferences in this field, like 

the International Technology Education Association (ITEA) in the USA, the Design and 

Technology Association (DAT A) in the UK, and the European Association for 

Technology Education (abbrev. in German: EGTB). This shows the need for those 

meetings. 

PATT has been the single platform that really brought together people from allover the 

world: the USA, Australia, Canada, African countries, India, Eastern and Western 

Europe. This has given PATT the special character of 'the international Technology 

Education forum'. 

PA TT has also served as a means of bringing together all these other organizational 
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circuits, so that overlap would be prevented . 

In the past years, several international organizations have recognized this special role 

PAIT has played and still plays: we now have contacts with UNESCO and OECD, the 

NATO Scientific Affairs Programme has shown interest in our activities. At several 

conferences representatives of these organization contributed to the programme. 

The aim of PATI is to bring people together to offer opportunities for exchange of ideas 

and information. The need for this is given by the fact, that technology education in many 

countries must still be regarded as an emerging school subject, that still has to find its 

own position; its aims; possibilities; character. 

We hope that our conferences will contribute to the further development of the important, 

and exciting education of technology. 
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2. THE PROGRAMME OF PATT-S 

2.1 Choice of the theme 

As the main theme of the fifth PAIT conference we chose: 'Technology Education and 

Industry'. Why have we chosen this theme and how have we structured the programme in 

which we want to deal with this theme? 

The choice of the theme 'Technology Education and Industry' was guided by the 

following principle: we do not want to focus on very specific and specialised industrial 

topics, but we want to stimulate general thinking on technology education. Why then is 

industry an issue that should be paid attention to within the context of technology 

education? 

There are several possible answers to this question. 

In the first place, it belongs to a good understanding of what technology is, to know 

something of the way technology is put into practice in industrial settings. This fact has 

already been recognised in a number of countries with a certain technology education 

tradition. In the UK for example, some years ago a special Industry Year was held to 

stimulate contacts between industries and schools. Several activities were included in this 

Year, like visits of school classes to industrial sites, guest lectures of industrialists in 

schools, provision of written materials about industries to schools, projects in schools on 

simulation of industrial corporations. In the Eastern European countries, orientation on 

industrial production processes traditionally is a vital - perhaps even THE vital - element 

in technology education. An important aim of technology education in those countries was 

a preparation for productive work in industries. We were anxious to learn from our 

colleagues from those countries how the situation is changing now that dramatic political 

changes have taken place there. In the USA the very name of the subject for a number of 

years indicated the interest in industrial processes: Industrial Arts. The change to 

Technology Education certainly was not aimed at deleting all industrial elements from the 

curriculum, but at making the subject free from the image of just doing craftlike 

activities, like making wooden clocks. The orientation on technology as it is practiced in 

industrial settings will remain an important element in technology education, as can be 
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seen from recent textbooks on technology education in the USA. In France, economical 

aspects of technology often serve as a curricular organizer for technology education . 

From e.g. French textbooks, it becomes evident that pupils are stimulated to think about 

what you need to start a technological firm, such as knowledge of technological processes 

and equipment, financial deliberations. To mention one more country, in the Netherlands, 

'technology in industry' is part of the attaignment targets that have been stated for the 

new subject Technology in secondary education. Therefore in technology teacher training 

explicit attention is paid to organizing excursions to industries. 

When insight into industrial situations is really relevant for a good understanding of 

technology, then it certainly needs to be discussed what consequences this has for 

technology education. It certainly is not enough to pay a visit to industry now and then or 

to invite an industrialist to tell something of his or her corporation . Industrial practice 

should influence our whole approach in teaching about technology , in other words the 

methodology of technology education. A key word in industry is 'innovation'. Technology 

in the thinking of industrialists is: creating new products and processes. Technology in 

that thinking is not a static set of existing products, but has a dynamic character. 

Technology is a process, that goes from past via present to future. Technology education 

should stimulate pupils to be part of this process: to learn about the past of technology, to 

study what we have now and to think about what new developments can take place. Their 

thinking about technology must be transformed from 'technology as a large set of 

machines and equipment' to 'a creative process of thinking up new solutions to human 

wants and needs'. From previous PATT research studies we have seen that this will be 

quite a dramatic change in their thinking. But this change of perspective will be an 

important contribution to their preparation for living in, coping with and even controlling 

their technological environment. 

A second reason for paying attention to industry in technology education is that we want 

to give our pupils an orientation on technological professions. It is quite evident that 

many of these professions are found in industry. Most of us will not regard technology 

education as belonging to vocational education in the first place. But we will all agree 

with the statement that in technology education, pupils should be helped to see their own 

possibilities for opting for an industrial technological career. That is generally seen as one 
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of the aims of general education. Here again it seems to be important to think of the 

methodological consequences of that statement. Only then pupils will have the possibility 

of experiencing the 'atmosphere' of a technological industrial profession, when technology 

education has something of the same approach as we find in industries. Of course the role 

of innovative thinking will be different in different types of jobs in industry. But we see 

more and more that creative thinking is not only asked from the designers in a firm, but 

also from the production workers, whom are given increasingly responsibility for their 

specific production unit. This requires certain 'key competencies' as they are called 

sometimes, and these competencies should be included in technology education . 

A third reason is that industry can offer the orientation on advanced technologies in a way 

we cannot afford to present it in schools. Of course there is a possibility of showing the 

essentials of advanced technologies in models like LEGO and Fisher provide them, but 

this often gives a rather distorted image of the reality in industries. Of course technology 

education should not become trendy and deluded by the many new gadgets we find in 

technology. But on the other hand we educate our pupils for today's and tomorrow's 

world. Although the process of technology in many aspects remains constant through 

time, the elaborations vary from century to century. And this very practical aspect of 

technology as we see it around us should be visible for pupils in our technology lessons. 

But here we are confronted with our financial limitations . Advanced technological 

equipment has the nasty habit of being expensive. A good CAD-programme, a simple 

CNC-machine or CAD/CAM-equipment, control technology models, often are a 

substantial part of our budget when we want to have these in our technology classrooms. 

Visits to industry can yield new opportunities to show these advanced technologies in 

practical situations. 

It is good to note that industry also recognises the relevance of school-industry links in 

technology education. The PA TI-5 conference was sponsored by two corporations 

(Unilever and DSM) . This shows that these industries are interested in what is going on 

in our conference. Our third and major sponsor is the Ministry of Economic Affairs. 

Another positive sign is the fact that an international economical organization like OECD 

also was represented at the PATI-5 conference. 
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2.2 The structure of the progranune 

The next question is: how did we deal with this theme in our conference programme. 

We have identified five sub-themes, that together allowed us to explore our theme in 

presentations and discussions. 

The first subtheme was: Technology, Industry and the Labour Market. In this first 

subtheme the main theme of the conference was approached in a rather generalistic way. 

There were presentations and discussions on both methodological consequences and 

practical possibilities for paying attention to industry in the setting of technology 

education . Both the industrial, the methodological and the educational perspective were 

presented. This part of the programme included a visit to an industrial site. We were 

offered the opportunity to visit a beer brewing factory . We gladly accepted this 

opportunity because it added a new dimension to our sometimes restricted idea of industry 

as metal , wood or plastics processing. Biotechnological processes certainly belong to the 

issues we can address in technology education, but the number of examples in practice is 

very limited. 

In the second subtheme - Research - we looked at research studies that have been done 

in the area of technology education - industry relationships. What ideas do pupils have of 

industry? What evaluated experiences are there in practical relationships between schools 

and industries? What new research needs to be set up to get more information on the way 

we should include industrial aspects into technology education? 

In the past years, research has become a continuous part of PA IT conferences. There is a 

great need for well evaluated and documented experiences and studies. In many cases all 

we have is guesses and impressions . A more sound base for our programmes is 

necessary . 

The third subtheme was: Technology Education and Attracting Women for 

Technological Professions in Industry. This, too, has become a traditional part of P A IT 

conferences. That, alas, does not mean that it is easy to find contributions here. Actually, 

it is a great concern to the organizers that so few papers are focussed on the issue of sex 

equity . Was this just a trend that we had for some years and that has now decreased in 
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relevance again? Has the problem of girls and technology been solved in the meantime? 

Or was the whole problem just the idea of some people that were in panic? The results of 

many research studies that firmly affirmed that there was a problem in the relationship 

between women and technology and industry, still hold for today's situation in many 

cases. 

The fourth subtheme was entitled 'Primary School Technology and Industry'. It 

included presentations on projects and other experiences in working with young children 

and a workshop by Jan Raat, that made participants experience primary school technology 

themselves. It is encouraging to note that this subtheme - that we also had at previous 

conferences - now got more attention because of the increasing number of contributions. 

When this represents the situation in education well, it would mean that more and more 

attention is paid to technology in the primary area . The importance of starting early with 

confronting children to technology has been stated at previous PAIT conferences as well 

as at other technology education conferences worldwide. 

In our fifth subtheme we dealt with 'Technology Teacher Education and Industry'. 

Teaching about industry in technology education implies that we need technology teachers 

who are well acquainted with industrial technological processes and situations. Therefore 

industry should be one of the issues in their teacher education. 

2.3 The format of the conference 

Finally a few remarks about the format of the conference. The heart of the programme 

were the keynote presentations, the paper presentations and the discussions. The keynote 

presentation served as an eye-opener for the whole theme. We have asked a few experts 

to give their thoughts on the subtheme they will introduce. They did not claim to give 

final answers, but raised issues and pointed out directions for further discussions. 

We were very pleased that the variation of countries represented was at least as good as it 

was in previous conferences. In addition, we had more international organization 

represented than ever before: OECD, NATO, EGTB. We had people from industry, 

researchers, curriculum developers, policy makers, teacher educators and teachers. All 

this is a precondition for a successful conference. A conference programme would be 
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empty without the people to put it into practice. 
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3. TECHNOWGY EDUCATION, INDUSTRY AND THE LABOUR MARKET 

3.1 Introduction 

The first theme of the conference served as an orientation on the main theme of the 

conference: technology education and industry. In this first theme the main question was: 

how can relationships between technology education and industry realised? The answers 

to this question can be globally divided into two groups: 

a. methodological perspectives, 

b. practical issues. 

In the first group we find both keynote presentations and a number of paper presentations. 

In the second group we find a number of paper presentations, in which the national 

situation in a country was surveyed. Both groups were quite relevant to the theme and 

possibly contributed to answer Blandow's and Dyrenfurth's fundamental questions. To 

quote Blandow and Dyrenfurth: 

"Upon reading the conference's overall theme, several simple things come 

to mind immediately. Field trips to enterprises, projects to attract women 

and minorities to technical occupations, and the entire complex of voca

tional decision-making are among these. Also the development of new 

curricula for schools and teacher education for technology subjects and life 

preparation present interesting approaches . Yet, after considering the myri

ad of such obvious possibilities for the topic of the Technology Education 

interface one is left hanging . There must be something more. What are the 

fundamental principles that guide such choices? Where are they to be 

found? Why do we need to concern ourselves about them? What are the 

key points to evaluate interface activities? To answer such questions one 

notices that allover the world it is acknowledged that the human

technology-nature-social relationships are the focus of all thinking for 

developing the human resources . " 

3.2 Methodological perspectives 

The central idea that was brought forward in this theme with respect to methodological 

considerations is this: technology education should help students to acquire the problem 
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solving and decision making skills, that enterprises are expecting more and more from 

their co-workers. 

In his keynote presentation, dr. G. Bohle (Siemens AG, Germany) emphasized these so

called key competencies. He concentrated on the role of Information Technology in all 

professions. He showed that the movement towards more dense memory chips has almost 

become an automatism. The real problem to industries like Siemens is: how to find the 

variation of possible applications of these memory chips. He estimated that at this 

moment no more than 15 % of all possible applications has been realised. According to 

him, what these industries ask for is people that have been taught to think creatively and 

innovatively and can think of possible ways to work on the enormous potentials of the 

memory chips: 

"voice recognition and voice synthesis (voicewriter, voice equipment 

control, language translators), multifunction office equipment (voice, text, 

data and picture procession in one system), factory automation (computer 

integrated manufacturing), automotive electronics (engine and drive control, 

traffic guidance systems), environment protection (pollution detection, 

process controls), medical electronics (diagnostic systems, expert systems, 

electronic limb controls), artificial intelligence (expert systems, neural nets, 

knowledge processing)." 

Dr. Bohle underlined the fact, that all professions are and will be strongly influenced by 

the new applications of microelectronics. Therefore it is not only relevant for future 

industry workers to know more about this and to acquire general skills to generate new 

applications, but for all citizens. He stated that: 

"From now on, about 60% of all jobs will require knowledge and training 

in information technology, varying from high expertise to a mere 

understanding of operating equipment in most cases. Only 40% of jobs, 

mainly in the manual service field, can do without modern technology." 

The key qualifications, that relate to the new demands of industrial and non-industrial 

professions, are: 

" ability and willingness to learn, ability to communicate, reliability, 

initiative, decision making, working cooperatively in a team, accepting 

responsibility, creativity, planning ability, systematic and analytical 
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problem solving, working independently . " 

A new vocational training system that is aimed at providing such key competencies was 

developed by Siemens. The name of this system is PETRA. Dr. Bohle showed a video 

tape that illustrated the way this is realized: young people work in groups to solve 

technological problems in the electronics area . They are guided through a stepwise 

process of decision making and designing. In this process of group work they learn the 

key competencies mentioned above. 

These competencies should not be restricted to these specific courses, but should be 

infused in technology education as well. To cite dr. Bohle once more: 

"Matching the educational profile to the requirements of tomorrow's jobs 

and a post-industrial society is a challenge to our schools today. Teacher 

training needs to be adjusted accordingly. The way to information society 

will pass right through our classrooms. " 

Siemens is certainly not the only corporation that emphasizes these competencies. In his 

paper, dr. J.L. Barnes (Eastern Michigan University, USA) gave a number of examples 

from utterances of various industrial key persons that show the same concern . He quotes 

e.g . Ashburn, who in the National (=USA) Research Council study summarized the 

major trends for the workforce as follows : 

"- to define jobs more broadly to include more interrelated tasks ; 

- to create more flexibility in work assignments; 

- to delegate more discretion to lower levels of the organization, where 

information and expertise exists; 

- to communicate more about plant and business conditions; 

- to involve more employees and their representatives in more activities that 

affect them and require their support and cooperation; 

- to change the culture in ways that effect and encourage the above changes 

in practice. " 

When we compare these trends with the key competencies, listed by dr. Bohle, the 

correlation is evident. 

In his keynote address, dr. A. Sarlemijn (Eindhoven University of Technology, the 

Netherlands) pointed out the problems in the technology education - industry relationships 
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that arise by the fact, that in technology education we are forced to simplify things in 

order to make them understandable for pupils. Both the problems that we present to them 

and the technological content is limited for didactical purposes. But these simplifications 

have as a consequence, that pupils don't get a realistic idea of what goes on in industry. 

Dr. Sarlemijn stated: 

"The disadvantage of this didactical approach is the great distance from the 

concrete problems that we find in the industrial practice. That distance 

ought to be bridged by the practical work by students. But the selection of 

'practical' cases for those activities is not seldomly based on the criterium 

that they yield instructive examples for the knowledge that has been taught 

in the theoretical subjects. With that approach the practical work is made 

subservient to the theoretical subjects and does not give a relation with the 

complexity of industrial practice." 

These disadvantages can lead to the following kinds of estrangement: 

"(1 ') estrangement from the industrial practice, in which other kinds of 

knowledge than that of exact and technical subjects influences the succes 

decisively; 

(2') estrangement from the insight that in modem technology the majority 

of important successes are the result of the complex cooperation of 

applications and inventions from the various disciplines; 

(3 ') estrangement from an adequate insight into the exact subjects and 

disciplines that have a strong analogy with the work in the context of 

industrial practices, that is full of phantasy . " 

An important relationship between the exact subjects and the industrial practice is the fact 

that in both activities there is not one solution to the problem or one way to describe it, 

but one has to choose from a variety of possiblities. For the exact subjects that has not 

always been so clear. Still in the education of mathematics and science, we cause the 

impression that there is always one solution to a problem and one way to reach that 

solution. But in modem science it is now seen as more relevant to choose from different 

frameworks according to the problem one is studying. In mathematics for example one 

can choose between the frameworks of euclid ian and non-euclidian geometry. In many 

cases, a building engineer can confine him/herself to simple euclid ian geometry, but in 
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other cases, this will yield results that have an inadequate exactness. The choice between 

the various kinds of exactness sometimes is surprising for students. Dr. Sarlemijn 

mentioned an anecdote of a student that answers him when asked to tell what she had 

learned from a course he had taught on the use of mathematics in building engineering: 

"mathematics is not as exact nowadays as it had been earlier on". Apparently she had 

never realized that even in mathematics one has to make choices between various 

frameworks, that all have their own exactness. The same ideas (not one single 'right' 

answer; the need for choosing between alternatives) can be found in design as an aspect 

of technology. In design, as in modem science, the choice between frameworks is based 

on pragmatic deliberations. In design methodology, the group that dr. Sarlemijn is in 

charge of, tries to realize three aims: 

- to clarify how mathematics and scientific knowledge of nature is used in 

the context of technology and how this scientific knowledge has to be 

combined with empirical-technological insights in order to achieve the exact 

predictive knowledge which is required in the different fields of 

technology; in this context the method of selecting from frameworks is 

extremely important; 

- the second aim is to develop a method to make an inventory of the well 

based set of design requirements in concrete situations of the different 

fields of technology; we try to develop a method for this problem together 

with people from other departments; 

- the third aim is to develop a method of variation of the requirements; the 

method has to show how to come to a construction that fulfils the more 

important requirements optimally; we hope to deduce this method from 

analyses of historical changes of designs; therefore, Marc de Vries and I 

have analysed the history of tv camera pickup tube designs and showed 

how the Plumbicon (a Philips design) became after a long tradition of 

searching the final optimal combination of scientific-technological 

requirements, market requirements and other societal requirements. " 

Philosophical investigations, like these, can certainly help technology educators to look 

for methodological ways of relating their technology education lessons to industrial 

practice. 
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In their combined presentation, dr. D. Blandow and dr. M.L Dyrenfurth stated the 

following methodological challenge for technology education - industry links: 

"The creation of situations, through which learners overcome their thought 

barriers, and acquire an ability to interprete the world's complex systems." 

These barriers can be found inbetween each two steps in the technology cycle as they 

identified it: 

"1. problematic situation - 2. envisioning possible solutions - 3. model 

development - 4. development of approach strategies - 5. develop time & 

activity plan - 6. execution of the plan - 7. evaluation of the results - 8. 

new problematic situation (- etc)." 

To overcome the barriers, a careful analysis of design requirement conflicts is needed. A 

modular toolbox provides mental tools for developing ways of reconciling the 

contradicting requirements. This toolbox contains mental tools, like system analysis, trend 

analysis, brainstorming, morphological boxes, cost-benefit analysis, and modelling. 

3.3 Practical issues 

Three paper presentations focussed on the way technology education - industry 

relationships are established in specific national situations. 

lng. H. Novakova presented this for the case of Czechoslovakia. Here fundamental 

changes are occurring because of the political reforms that have taken place in the past 

few years. The relationships between education and industries as they had been in the 

years before these reforms now have become problematic. New directions for technology 

education in this country are explored. 

Dr. T . Kananoja reported on the situation in Finland. As a part of their general education 

all pupils spend a certain period in industry. A special program called 'Acquainting with 

working life (abbrev. TET) was developed for the comprehensive schools. Three ways of 

relating schools and industry can be found: 

"1. studies in the school including visitors from the industry; 

2 . short visits to the industry; 

3. periods of one day or more in the industry. " 

In Finland, science education is developing towards technology education and links with 

industry have been created for both subjects. 
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R. Amigues, 1. Ginestie and A. Gonet in their paper presented the French approach. 

They describe two viewpoints through which the teaching of technology is approached in 

France: 

" the holistic point of view presents the world of industry as one of 

design, manufacturing, quality control and marketing of technical objects. 

In this perspective, industry appears as a technical system of production: a 

whole made of interlocking scientific and technical processes which 

requires the use of various social practices . The analysis of the system of 

production is done through the breakdown into subsystems (analysis of 

structure) and by studying their interactions. The question of the 

complexity of possible organizations (the number of SUb-systems and 

possible applications for each system) is rarely treated. However, the type 

of organization of the industry determines its social organization and 

production methods; 

- the specific point of view presents the industry through the study and 

production of a particular technical object. The realisation of one technical 

object allows a simulation of how industry works." 

In France both approaches can be found. 

In the Republic of South Africa (RSA) the situation is changing now because of the 

political changes. P. van Schalkwijk in his presentation pointed out the problems they are 

facing now. At the moment there is no separate subject 'Technology' in general 

education. In 1988 a committee, named after its chairman Walters, recommended that a 

compulsory subject in which pupils learn about technology, productivity and 

entrepreneurship should be introduced in junior secondary education. Early in 1991 the 

minister of national education appointed seventeen framework committees - one of them 

for the new subject 'Technology" - to develop policy and advise the minister on certain 

facets of pretertiary education. 

3.4 Discussion 

In discussions, two general aims for technology education were distinguished: 

1. learning for life; 

2. preparation for work. 
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For both aims a good and clear relationship between technology education and industry is 

important, supposed that industry is not taken in a narrow sense of just manufacturing, 

but also of agricultural and service industries. Purposes of technology education - industry 

links can be: showing the social relevance of technology, helping pupils in their career 

choices, creating situations (e.g. with advanced technologies) that can not be realized in 

schools. 

Various practical possibilities for establishing contacts between schools and industries 

were mentioned: have industrialists give guest lectures in schools, have teachers spend 

some weeks in industry to get a realistic idea of industrial processes, organize school 

visits to local industrial sites. 

Generally it can be concluded, that the relevance of this theme of the conference was 

recognised by the participants. Relationships between technology and industry are 

profitable for both partners. Both the methodological and the practical consequences of 

that should be explored and implemented . 
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4. RESEARCH 

4.1 Introduction 

The main point to be discussed in this theme was: what research has been and is done to 

explore pupils' perceptions of and attitudes towards technology and industry? 

It became evident, that we do not know very much about pupils' ideas about industry. 

The number of PAIT-studies, however, is still growing. Also at least two international 

organizations are working on studies into technology education - industry links: OEeD 

and part of the NATO Scientific Affairs Program . From these studies (and new versions 

of PAIT-studies) more information on this can be gained in the future. The PAIT-5 

presentations were not specifically focused on the pupils' ideas on technology-industry 

links, but dealt with the pupils' ideas on technology in general, as all previous PA IT

studies were. One (non-PAIT) research was presented, that was more concentrated on 

education in industry. 

4.2 PATT studies 

Dr. E.A. Bame in his keynote presentation started by showing the broadening that had 

taken place in the series of PAIT conferences. Originally these conferences were mainly 

aimed at presenting and discussing PAIT-studies. The scope of the conferences gradually 

broadened to other areas that are relevant to technology education also: frameworks for 

technology education, policy aspects, curriculum development, gender aspects, teacher 

training, primary school technology. Dr. Bame saw this development as very positive: 

"The work of this group is maturing and moving in a direction that is 

placing it in a position of international leadership. Led so ably by Jan Raat, 

Marc de Vries, llja Mottier, and many others, issues are being explored 

that will help move the profession of technology educators forward rather 

than allow us to languish in only one small area of interest. I think the 

leaders should be lauded for this leadership." 

But this broadening does not mean that PAIT studies have disappeared from the scene. 

On the con trary, the P A IT -5 programme clearly shows that P A IT researches are still 

ongoing and more countries are involved. Studies into the pupils' ideas about technology 

are still a rather unique contribution of PAIT to the field. Together with dr. W.E. 
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Dugger, Jr., dr. Bame is working on the PATT-USA research. 

Dr. Bame emphasized the following needs for future research: 

"As stated earlier, we must continue the basic research into pupils' attitude 

toward technology. We need to continue to develop an insight into our 

students and their understanding of technology. This could be focused in 

the areas of age and gender differences, or teaching techniques for students 

of all ages and experience. How effective are the programs we develop? 

Do they do what we want them to do and as well as possible?" 

He ended by mentioning the interest of science and math educators to include technology 

as part of the education program: 

"We must make sure that we technology educators are an integral and 

contributing part of this movement. If not, we will find ourselves back in 

the basement of our schools doing craft." 

Seven PATT-studies were presented, some not yet completed. Six of them dealt with 

pupils: Australia (analyses still to be made), Portugal, Trinidad & Tobago, Turkey and 

USA (elementary and secondary education); one dealt with teachers: Greece. Another 

Turkish study was focused on teachers' attitudes towards computers. This was a non

PATT study. 

G. Braddock reported on a project in Australia, in which the implementation of 

technology education in three schools was guided by the 'Tri-schools project'. Although 

at first teachers felt treathened, later on they became enthousiastic and the project was 

quite successful. As a part of the evaluation, the PA TT questionnaire was administered in 

cooperation with Dugger and Bame in the USA. The data are still to be analysed yet and 

results will be presented at a next conference. 

A PATT-study in Portugal was reported by A. Martins. The sample consisted of 539 

students (249 boys and 290 girls) of grade 9 from towns or cities in 6 different districts in 

Portugal. The shortened version of the PA TT -questionnaire (the so-called Technology 

Attitude Scale, TAS, developed by De Klerk Wolters) was used. Results were that boys 

score higher on the concept items and are more interested in technology than girls. The 

need for developing a better concept of technology with pupils was established. 
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Another country in which the PA IT questionnaire was administered for the first time is 

Trinidad & Tobago. Dr. G. Prime presented results from a sample of 495 pupils, about 

half of them in the first year of secondary education and half of them in the third year. 

Strikingly it was found that gender was not a discriminating variable for the interest of 

the pupils, neither for the concept scores. As Prime states: 

"The non-significance of sex as a factor in this study runs counter to the 

general trend in the research where boys have more positive attitudes and 

clearer concepts of technology. This finding needs to be analysed in more 

detail to determine whether it holds true for all aspects (subscales) of 

attitude and concept, but nevertheless underscores the need for locally 

generated research data on which to build curricula." 

As in Portugal, the PAIT-study can be seen as a need assessment, leading to the design 

of appropriate curricula. 

Dr. 1. Moore has been involved in PAIT-research almost from the very beginning. Using 

the PA IT -questionnaire as a resource he has developed the Technology Attitude 

Questionnaire (TAQ) for use with post-secondary students, with which he has done a 

study in Turkey, in cooperation with R. Songun. To test the instrument a sample of 120 

technical vocational students was taken. The scales in the TAQ are: employ, future, 

social, career, school, satisfaction, leisure, and threat. The instrument was found to yield 

valid and reliable results and will be used for assessment of outcomes of technical 

vocational education. 

Another adaptation of the PAIT-questionnaire for special purposes was made by Dugger 

and Dunlap (USA) . They used a PA IT-questionnaire for assessing results of the use of 

the materials that had been developed in the project Mission 21, on which Dugger 

reported in the subtheme 'Primary school technology and industry'. The sample consisted 

of 858 third and fourth grade elementary school children in the state of Virginia. A 

posttest only design with non-equivalent groups was used. It was found that after the 

Mission 21 lessons girls had a more favourable attitude to technology than boys. 

Furthermore, the Mission 21 group had a more favourable attitude than the control group. 

Some answers of pupils to the question what technology i~, are: 

"technology solves problems, how things are made, formed or improved, 

helps the world to be a better place, cleans up pollution, saves nature, and 
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learns how to invent things. " 

Comparing this to answers of the control group: 

"I don't know, science, related to computers, electricity/electronics", 

clearly indicates the effect of the emphasis that is laid on design and problem solving in 

the Mission 21 project. Evidently it is possible to influence the pupils' concept of 

technology. 

Another PAIT-USA study was reported by Bame. In cooperation with Dugger he carried 

out a nationwide study, that involved seven states (a sample of 10,349 pupils, 6,256 of 

them boys and 4,013 girls) . It was found that boys indicated a greater interest than girls 

and had a better concept than girls had. An influence of the presence of technical toys in 

the home was found, as well as an influence of the father's profession when it was 

technical. International comparisons show that the PA IT-USA results in many aspects are 

comparable to the results of PAIT-studies in other countries. Bame concludes however: 

"It should be noted, that the US students had a rather low score on the 

concept items compared with other industrialized countries. This was 

indicated by the fact that the student responses could not be organized 

under the four scales, but appeared as one scale incorporating all four of 

De Vries' concept scales. The students have a weak concept of technology, 

though they are interested in it. From this it was concluded that 

Technology Education in the US is faced with a challenge. There appears 

to be a need to broaden students' concept and make them aware of the 

various characteristics of technology . " 

It should be added here, that in other countries the validity of the concept scales was a 

problem too. Apparently, the pupils do not think in terms of the characteristics that were 

derived from experts. It would be interesting to see whether technology education can 

change this for the better. 

In the past years of PA IT-research not only a questionnaire for pupils was developed, but 

also a questionnaire for teachers. Dr. S. Androulidakis in his paper presents results of a 

study among 251 Greek high school teachers, who attended an inservice training course 

on technology education pedagogy. Androulidakis summarizes results as follows: 

"Technology is perceived similarly by males and females, a course on 
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'technology' is welcomed, and the answers in several items of the 

questionnaire are dependent on gender, on teacher specilization, and on 

teachers coming from urban or non urban schools." 

He also found that teachers in their appreciation of objects tend to discriminate between 

'high tech' and 'low tech' objects. This is something that was also found in studies in the 

Netherlands, both among secondary school pupils and among technology teachers in 

retraining courses. 

Finally, an attitude study is reported in the paper of Ersoy and Koeksal from Turkey. 

Their study focussed on teachers' attitude towards computers and computer-based 

instruction. A pretest-posttest design was used to find out what result the training course 

had on the teachers' attitude. This influence was found to be positive. The instrument will 

be used for further studies on larger samples and more controlled situations. 

4.3 International organizations aDd research in technology education 

Technology Education is more and more recognized as an important contribution to the 

pupils' general education by international organizations. UNESCO for a number of years 

already stimulates projects in the area of science and technology education. 

Another international organization that pays attention to technology education as part of 

general education, is the Organization for Economical Cooperation and Development 

(OECD). Mrs. C. Panotis presented the outlines and first results of OEeD's project 

'Science, Mathematics and Technology Education', that is part of a larger project 'The 

curriculum redefined'. The project aims at bringing together case descriptions of 

successful innovative projects in the various member countries, in which the relationship 

between science, mathematics and technology plays a role. The description should deal 

with goals and content, the pupils' perspective, the teachers' perspective, settings and 

methods, assessment, context and the processes by which change might be implemented. 

So far a number of interesting case studies have been received that will be published 

together with a description that puts the studies in a certain framework. A conference on 

the project's results will be held in November 1991. 

One of the special programs in NATO's Scientific Affairs Division is called' Educational 

Technologies'. The Division provides financial means for organizing international 

conferences in which experts can exchange cutting edge research results, and for courses 
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by which this knowledge can be taught to other scholars and practitioners. In October 

1990 a conference was held on 'Integrating Advanced Technologies into Technology 

Education'. Some 30 participants shared recent information on projects that aim at 

enriching technology education programs by the integration of advanced technologies, like 

CAD/CAM, robotics, telematics. In July 1991 a course (a so-called NATO Advanced 

Study Institute) will be held to train teams of teachers and teacher trainers in integrating 

these technologies into their programs so that the learning of technological concepts and 

processes is enhanced. Dr. T. Liao is a member of the advisory committee that prepares 

decision making with NATO on the proposals that come in . He presented the plans for 

this course-type of conference and gave an impression of its format and content. First the 

concepts that play a role in technology and should be taught in technology lessons are 

dealt with in the course. Then there will be practical work on the various advanced 

technologies that can be used to stimulate the teaching and learning of these concepts. 

Finally, the national teams will work on specific programs, in which the advanced 

technologies are put into practice in their technology lessons. Results of this will be 

presented during the conference in a fair. Some lectures on the theory of implementation 

will help the participants to find strategies for implementing the course content in their 

own situation. 

4.4 Other research studies 

Dr. M .J . Dyrenfurth (USA) in his paper reports on a study that was aimed at assessing 

results of a technology and robotics course, that was attended by about 375 factory 

workers of middle America corporations. An instrument was developed by Dyrenfurth for 

measuring the participants' technological literacy. Both the definition and the 

measurement of this concept had been problematic, but the Dyrenfurth instrument proved 

to yield good results. Thus the study seems to be a major step forwards in the assessment 

of technological literacy, which is generally regarded as an important aim of technology 

education. 

Not only the definition of technology literacy has been the subject of many debates, but 

also the definition of technology itself. Dr. R.L. Custer did a Ph.D . study on the various 

perspectives from which technology is defined: engineering, science, philosophy, 

technology education . Custer analysed a number of key publications in the various fields 
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on defining technology and validated the results of this phase through colloquium 

interaction of leading experts. To his surprise he found that the concepts that were used in 

the various disciplines were not as bound to that discipline as one might expect. 

Generally, it could be concluded that: 

"conceptions of technology are quite diverse. Taken as a whole, the 

documents send the clear message that technology is not as simple as tools, 

appliances, automobiles, computers, etc. Neither is it a kind of singular, 

objective reality that is 'out there' being experienced and perceived in the 

same way by scholars from around the globe. Technology is a dynamic and 

complex concept that also has to do with a mix of processes, systems, 

cultural contexts, and wide-ranging knowledge base". 

Embarrassing was the conclusion that the experts in engineering, science and philosophy 

seem to be unaware of the efforts that are made in technology education to help young 

citizens get a better concept of technology. Apparently there is still a lot of work to be 

done on the spreading of technology education expertise. 

This spreading is also the aim of the 'European Science & Technology Education 

Database (ESTED) project, dr. J.L. Fisher presented. A database structure was developed 

that allows technology educators and researchers to get access to data on technology 

education activities and experts in Europe. First experiences with the database are quite 

positive, so that it can get an important function in the growing efforts to exchange 

information and experiences in the field of technology education internationally. 

Prof. 1. Natali in her paper showed how PATT research can stimulate follow-up research. 

After she had seen that pupils had many problems understanding the concepts that pupils 

met in the PATT questionnaire, she decided to study this in further detail. To that 

purpose, she had l3-year-old pupils read a text by Piero Angela (an Italian television 

journalist) on new technologies and industry and answer some questions about the text. 

The questionnaire was found to be a useful means of getting more information on the 

pupils' concept of technology. 

4.5 Discussion 

In discussion groups the relevance of studies into pupils' ideas on technology was 

confirmed generally. Some ways in which further research could go, were mentioned: 
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- establishment of a standardised instrument with which international comparisons can be 

made. In fact the cooperation between the PAIT-USA study and the Australian study is 

an example of this; 

- the use of a classroom instrument that can be used for direct improvement of technology 

education practice. Here the Technology Attitude Scale (TAS) can be mentioned as an 

example of this; 

- new research into the ways technological concepts should be taught and learned. This 

seems to be a topic that has hardly been studied yet. 
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5. TECHNOLOGY EDUCATION AND ATTRACTING WOMEN FOR 

TECHNOWGICAL PROFESSIONS IN INDUSTRY 

5.1 Introduction 

From the very early P A IT studies it was obvious that countries may differ in many 

respects in their results on the PAIT questionnaire, they agree on one point: the 

difference between girls and boys. In all studies involved women have a less broad 

concept of technology. In all countries, they participate less in technical studies , there are 

hardly any female technology teachers. Therefore, and in order to enhance the position of 

women in technology education, PAIT conferences have always had a special section on 

women and technology. 

The presentations around the theme of attracting women for technological professions in 

industry all deal with special efforts to get more women in technology education, and to 

have women get in contact with industry. 

5.2 Projects in technology education 

Robert J. Booth from Wolverhampton Polytechnic (UK) describes an innovative course 

set up for women returners. It is a one year Access Course, allowing admission to a four 

year Honours Degree course in Design and Technology Education at the Polytechnic. 

Students of the course all had different backgrounds. They therefore had the possibility to 

negotiate their curriculum, and to influence the shape and content of their course. 

Common final attainment targets were formulated as follows: 

" By the end of the course students should be able to: 

1. Use various materials, tools, techniques and processes In a safe, reasonably 

skilful and creative manner. 

2. Make various kinds of drawings as a means : 

i) of exploring expressive and visual elements such as shape, form, texture, 

pattern; 

ii) of developing and communicating design areas and preparing these for 

construction. 
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3. Accomplish work which demonstrates their: 

i) accumulating knowledge of the nature, behaviour and creative potential with 

materials, techniques and processes; 

ii) emerging competence in problem solving and design development, 

communication, transportation and implementation; 

iii) developing ability to be perceptive and critical of personal work, as well as in 

making constructive assessments of products generally; 

iv) ability to recognise and utilise appropriate concepts and principles relating to 

materials, components and energy. 

4. Have a growing confidence in the use of the computer and a basic 

understanding of computer potential . 

5. Be aware of some historical and contemporary developments in Art and Design 

and Design and Technology Education . 

6. Pass (if necessary) the Polytechnic' s internal test in English and Mathematics." 

Responsible for the content of the syllabus and for the overall organization is the Course 

Leader. She is assisted by a Course Committee, consisting of the Course Leader herself, 

the Tutor, the Head of School, Teaching Staff, and representatives from the Polytechnic 

and from the students. 

An activity-based, problem solving approach is used in the course, rather than theory, 

and it is recognised that many students initially need a great deal of individual support. 

Students experience a thorough grounding in basic thinking, recording, researching and 

manufacturing skills. They are made self-reliant, and acquire self-confidence. 

During the first four years , almost one hundred students took part in the Access Course. 

Of them 70 % were successful , and stayed in the course. The drop-outs had several 

reasons. Inability to cope with the course was one of them. But the others were more 

related to the personal situation of the women returners, and can be found in other re-
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the role-change from housewife to students; 

financial problems; 

problems of child care; 

family pressures. 

Efforts have been made to solve some of these problems. The number of obligated course 

hours is set at 21 per week, which still allows financial support or employment benefit. 

Childcare has been made possible too. 

In the last years, the course has also been opened to black access and to male access. It 

has become necessary to give special attention to language skills, especially English. 

Communication and language has become a compulsory element for all students. 

A survey of the students gave more information about them. 

It appeared that most of them knew about the course through leaflets at the local library 

and from newspaper advertisements. 

Their qualifications ranged from 'no formal' to Bachelor degrees. 

Their reasons for enrolling are the prospect of good employment and the possibility of 

self-development and the development of new skills. 

The involvement with children and young people that several of them already have, is 

seen as a good preparation to teaching. 

Results 

Of the students who completed the first Access Course in 1987 four Honours students 

graduate in 1991. Two have gained the highest awards of their course. Other Access 

students are following in successive years of the Bachelors course and in other 

undergraduate, higher education programmes. 

In his concluding remarks, Booth gives some examples of 'good practice' when 

organizing a course for women: 
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" An area such as design and technology education has always been subject to 

masculine overtones in popular perception. For a womens' Access Course to be 

successful these perceptions have had to be dispelled in such a way that women 

became confident in their ability to cope with the subject as well as their masculine 

counterparts. Because of attitudes to the contrary, it is difficult to create an 

atmosphere which is friendly, not patronising and an ambience which is supportive 

and non-threatening. To this end such a course is helped if it has female role

models, but more importantly, that it is staffed by people who are both aware and 

are sympathetic to 

the needs of particular groups of returners. " 

The two other contributions on this theme come from The Netherlands. Marja Brand and 

Wilma Groenendaal report on the work in technical education of the MENT project. 

MENT (girls, physics and technology) is a ten-year project (1981-1991) based at 

Eindhoven Technical University intending to improve the position of young women In 

physics and technology. Physics because it is the subject least chosen by young women in 

secondary education. And without physics, all the subsequent technical studies remain 

closed . 

In ten years of development of materials and counselling of schools, MENT has come to 

a series of recommendations for schools, such as: 

"I) develop more girl-friendly physics lessons 

(materials, illustrations, curricula-topics, didactics, etc.); 

2) enhance problem awareness of physics teachers 

(hidden curricula, stereotyping, language, grouping, etc.); 

3) give more attention to school career counselling for girls in technical 

professions (materials, methods, attitude towards technology); 

4) create a friendly class climate in technical schools; 

5) give more attention to strategies that promote technical professions for 

women in industry; 

6) let schools for technical training develop their own plan of action to 

interest girls in a technical training ." 
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MENT has supported a large scale intervention project in 16 schools for Senior Technical 

Training (age 16-20). These schools wanted to 

- attract more girls to study at their school, and 

- create a girl-friendly environment in their schools. 

The activities of the schools focused on three themes: 

1. An active information campaign in the region. 

They bring information to the girls, or bring the girls to the information (leaflets, videos, 

posters about girls and technical training; activity days for girls only in technical schools). 

The goal is to give girls information about their opportunities in technical schools. They 

introduce female technicians as role models. They create an environment in school where 

girls can practice their technical skills and increase their selfconfidence. 

2. The schools work out plans to create a girl friendly schoolclimate. 

They offer support lessons, assertiveness training, work experience guidance systems, 

interview training. 

3. Schools can also create extra lessons for girls that lack the appropriate 

prerequisites for Senior Technical Training. They develop extra summer courses for girls 

who lack the right physics and mathematics background. 

At the start of the experiments in 1987, the Senior Technical Schools had 1,8 % female 

students. In the last year the pilot schools count 4% of female students, and their number 

is still growing. These statistics may not seem spectacular, but in the Dutch situation 

these schools are the most 'masculine' schools, and it is important, but hard, to change 

attitudes. These schools train the workers at middle level in industry, those with a sound 

theoretical and practical background, which allows them to keep up with rapid technical 

changes, and to make their career through the companies. Attracting jobs, for both men 

and women. 

MENT is also occupied with research among the younger technical students, those in the 

Junior Secondary School (age 12-15). These schools have a diversification in their last 

two years into either technical sectors, or into home economics. MENT is researching the 

reasons why so few young women go into the technical sector, seen from the point of 

view of the young women themselves. In doing so, they hope to find ways to make 
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technical education more attractive to women. 

One of many -possible- reasons for not going into technical studies may be that women 

have less knowledge of the world of work. There have been a number of projects in The 

Netherlands recently, addressing especially women and non-traditional fields, which 

intend to give some knowledge of the world of work. 

Dr. Ilja Mottier of the Ministry of Education gives some examples of projects, with the 

problems of organization: 

" A growing number of schools organizes periods (a week or less) of practical 

orientation, during which students go working in a firm or an institution . 

The organization of such a project in schools takes much work. Contacts must be 

established with potential places for work, the students must be followed during 

their practical period . Most of the schools who do it untill now have been able to 

do so because it was a special project, and the school got some extra finance. 

Another possibility to give students an insight into the world of work would be to 

bring workers in the school. In fact, this would cost less time than a work 

experience week. But it asks for an infrastructure, for example a directory of firms 

in the neighbourhood of the schools, which are willing to allow their personnel to 

go into the school. In the framework of equal opportunities such worker could be 

a woman. That is difficult to find, especially if she is a woman in a non-traditional 

field. Because of the preparation all this takes from the teacher, these activities of 

inviting workers into the school are not very common." 

A recent science project, BOLERO, introduced elements of technical and scientific 

professions into the science lessons, in order to illustrate the relevance of what is taught 

in science lessons for later professions. Part of BOLERO was to bring - female- technical 

professionals in the classroom. This part of the project was not very successful: difficult 

to organize, difficult to find women. 

Mottier reports on an other way to bring the working experience into the classroom: by 

having interviews with workers on video. 

In the framework of the TENET project on equal opportunities in teacher education of the 

European Community, a videofilm has been made in which young women go and 

interview women working in industry. 
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Young women of 15 years of age are interviewing women working for example as 

software specialist, as police woman. They ask them about their daily life, how their 

work looks like, if it can be combined with a family or a social life, how it is to be one 

of the few women in the profession. 

The video addresses 

- students: think about your future career and choose the right subjects; 

- teachers: this is what you can expect if you send your students out interviewing 

workers. 

5.3 Discussion 

The discussion dealt with several ways that have been tried to attract more women in 

technical education. Even in the most successful countries, like Denmark or England, 

there seems to be a critical barrier at around 30% of female participation. Which any how 

is far higher than in many other countries. Whether there is an option system in 

secondary schools or not, or compulsory subjects, also influences the possibilities for 

further study. The issue of single sex grouping is debated. 

The most powerful argument to attract women into industry is the shortage of skilled 

labour. But what will happen to the position of women who are now working in industry, 

like in the Eastern European countries, where a situation of massive unemployment of 

both men and women is threatening? 
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6. PRIMARY SCHOOL TECHNOWGY AND INDUSTRY 

6.1 How to discuss primary school technology in an international context? 

When one discusses technology education in an international context, one always has to 

remember the differences in the national educational systems. One surely has to do this 

with the topic 'primary school technology'. 

In some countries primary school education is given to about 6 to 12 year olds (e.g. The 

Netherlands, USA), in other countries to about 6 to 14 year olds (e.g. Hungary, Kenya). 

And, one has to consider that in the fast changing world of the Nineties many educational 

systems are in an ongoing process of change. 

In a discussion on primary school technology it makes a big difference whether primary 

education is given to 6 to 12 year olds (who after that all attend other schools), or 

whether the discussion refers to e.g. a 8-4-4 system with 8 years of primary schooling of 

6 to 14 year olds (who after those 8 years only partly attend subsequent schools like in 

Kenya). 

PAIT discusses technology education (tech ed) as a part of general education. In most if 

not in all countries in the world there is a lot of interest in this kind of tech ed. At the 

same time one can see that in almost all of these countries one still is in the process of 

discussing, decision making, introducing this education of technology. 

In the process of developing tech ed most of the efforts start with the about 12 to 15 year 

olds. They are supposed to have learned basic skills as reading, writing, arithmetics. In 

many countries education is compulsory until an age of 15 years. 

Then the attention goes to the education of technology also to younger children, the age 

group of about 6 to 12 years. 

How to discuss primary school technology? 

The papers and presentations in this section all deal with primary school technology, 

given to young children but in different systems of education. 

Therefore from time to time the educational context is mentioned . 

The focus of attention will be on the younger children, the 6 to 12 year olds. 
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6.2 Primary school technology and industry in Kenya 

There were two keynote speeches, 

'Primary school technology and industry In Kenya: Opportunities and challenges' from 

dr. B.W. Kerre and 

'Technology teaching in primary schools and industry in Hungary' from dr. S. Kiss (and 

Z. Bodoki and Z. Bun) . 

At first the main lines of the speech of dr. Kerre: 

"Primary school technology and industry in Kenya: Opportunities and 

chaUenges 

( ... ) Science and technology can just as much improve our quality of life as they 

can also destroy us. ( . .. ) 

Our world is full of scientific and technological surprises. In medicine ( ... ) the 

historic Jarvik-7 artificial heart was used to replace an ailing heart in 1982. Today 

lasers are being used to cut away cancer tumors ( ... ). The use of biotechnologies 

for both plant and animal life is still growing. ( .. . ) One of the most revolutionary 

technologies of our times is ( .. . ) information technology: the combination of 

microchip computers, advanced telecommunications and a continuing process of 

innovation. ( ... ) 

Today there is increased competition among developed countries for "Satellite 

Parking Space". This is space based on geostationary orbit that is about 35,880 km 

above the equator. Africa is entirely dependent on these countries for communica

tion via satellites because none of the Africa nations currently have satellites in 

space. Those countries with technological advantages such as the USA are opposed 

to reservation of such space. While Africa has no share in such technological 

exploits, we are all very familiar with her vulnerability in taking a share in the 

debris that might escape to earth. ( ... ) 

Young Africans of today and especially those born out of independent Africa 

would most likely associate science and technology with developed and indus

trialized countries of Europe, America, Japan and South Korea ( ... ). 
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Such a distorted view is possible for two major reasons: First, Africa is 

chronically dependent on the developed countries in science and technology. The 

knowledge, goods and services in these areas are imported whole-scale and on an 

ever increasing level. Secondly, as if there has been a great conspiracy, 

traditional , scientific and technological developments in Africa have been ignored 

both in production and in education despite their persistence even in modem 

Africa.( ... ) 

Science and technology may appear new in the African setting because of the level 

of innovation reached, yet to Africa the two have been practised for as long as 

man has been on the continent.( . .. ) 

During the colonial era, most of Africa's technologies were suppressed in an 

attempt to wipe them out by introducing western technologies. While these 

succeeded somewhat, there is still a strong base of traditional technologies today in 

the rural areas of Africa. ( .. . ) 

In this state, most of Africa could do nothing more than watch scientific and 

technological developments grow from handicraft levels to mechanization and 

cybernation in the West. 

In the more recent past more African states have now come to grips with the 

importance of science and technology for national development as shown in 

curriculum changes such those of Nigeria , Kenya and Tanzania. ( ... ) 

The demand for education in Kenya has been very high since the attainment of 

independence in 1963. Enrolments in primary schools grew from 891,553 in 1963 

to 4,624,278 in 1986 representing a growth from 49% to 105% attendance of the 

primary school going age. In secondary schools the enrolments grew from about 

31,120 in 1963 to 443,707 in 1985 a growth from a 2 % to 19% enrolment of 

secondary school going age. 

Between 1964 and 1988, the Kenya government set up several national 

commissions of inquiry to study the educational goals and objectives of Kenya. 

( ... ) 

The Presidential Working Party on A second University called for the 

establishment of a second University in Kenya to be technically oriented and to be 
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of four years duration. 

This in tum affected the entire educational programme in Kenya. Out of it was 

born the "8.4.4" system of education; eight years primary, four years secondary, 

and four years university level. The new educational system was implemented in 

1985. 

The Report of the Presidential Working Party on Education and Manpower 

Training for the Next Decade and Beyond (1988) was accepted as Government 

policy ( ... ). The Working Party ( .. . ) generally recommended that the educational 

system should ( ... ) expose students to scientific and technological trends, skills and 

ideas. 

Primary Education 

Under the new 8.4.4. system of Education in Kenya, primary education is the first 

cycle. The course lasts 8 years. ( ... ) 

The Primary School Curriculum ( .. . ) is a broad fields type of curriculum aimed at 

various needs of learners ranging in age from 6 years to 14 years . 

The approved subjects for the Primary School Curriculum are ( ... ) (iv) Science 

and Agriculture, (v) Home Science, (vi) Art and Crafts. ( ... ) 

The new primary school curriculum emphasizes the development of practical skills 

through subjects in Arts, Home Science and Agriculture. 

In the Art and Crafts area the student will learn: Drawing, Painting, Graphic 

Design ( . . . ). 

The Home Science area offers : 

Needlework, Food preparation ( .. . ). 

The Agriculture area offers: 

Growing crops, Making farm tools ( . . . ). 

Technology Education in the Primary School Curriculum 

Technology education is a relatively new concept that is gaining rapid recognition 

around the world because it is based on the study of technology, the most 

powerful change agent in human history ( .. . ) 

We too in Kenya have been guilty of ignoring even our African technologies ( ... ) . 
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Technology education is best taught as an integrated discipline In the relevant 

subjects of the primary school curricula. ( ... ) 

Technology education is introduced into the primary school curriculum for two 

major reasons: First, the majority of primary school leavers will seek entry into 

the world of work because their primary education will be terminal ( ... ). Second, 

technology continues to affect society and the work place. ( ... ) 

Industrial Development in Kenya 

Since the colonial days, Kenya's economy has been characterised by the formal 

and informal sectors. The formal sector which has been dominated by large 

foreign entreprises and parastatals has been most visible and attractive to new 

entrants in the labour force. The informal sector has been more difficult to locate 

and measure its productivity. It is characterised by small scale entrepreneurs 

operating either singly or in small numbers of up to six people. ( ... ) 

Kenya has presently a potential labour force of 10 million people, one third of 

whom are unemployed or underemployed ( ... ). This potential workforce is 

growing at 3.8 per cent a year, as over 400,000 people are added every year, 

mainly school leavers at primary or secondary school level. 

Economic and Social Impact 

In Kenya some of the potential advantages of the informal sector enterprises are 

already being realized. They tend to use less capital per worker than larger 

enterprises. Their labour intensive character is consistent with the relative 

abundance of labour and the shortages of capital . ( ... ) 

An important factor often overlooked is that informal sector entreprises exhibit 

imagination by using workers with limited formal training who learn their trade on 

the job. As these employees gain skills and knowledge, they become an important 

source of new entrepreneural talent ( . .. ). Informal sector enterprises are flexible 

and can respond to short term needs in any sector of the economy ( .. . ). 

Challenges to Linking Primary School Technology and Industry 

Whilst the important relationship between primary school technology and the 
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industrial development needs can easily be perceived, several critical challenges 

must be overcome to make that linkage realizable in Kenya. 

(i) Industry state-of-art analysis 

A proper starting point for the promotion of industrial growth is an extensive 

analysis of the market and the constraints it imposes upon product upgrading 

changes in production methods. More specific industry to industry analyses of the 

state-of-the-art should be conducted to determine levels and appropriateness of 

technology which should constitute the basis for curriculum development. ( ... ) 

(ii) Shifting from Traditional Technical Education Curriculum to address 

Technology Curriculum 

In Kenya, technology education is still being imparted under the old system of 

technical subjects which include: woodwork, metalwork, power mechanics, elec

tricity, etc. There is a need to study current developments and trends in technology 

( ... ) 

(iii) Training of competent Technology Education Teachers 

( ... ) There is a need for inservicing currently practising teachers while 

introducing new technology education curriculum in pre-service teacher 

training colJeges. 

(iv) Development of Teaching/learning Materials 

A critical factor in the linkages of technology education to industry is the 

availability of appropriate teaching aids, text books, and materials . In developing 

nations it is important to encourage the development of these materials from 

locally available resources. 

(v) Involvement of Industry in Technology Education Curriculum Reviews 

In order to be relevant to the world of work a school technology programme must 

operate closely to industry. Industrial experts and school teachers must interact. 

CONCLUSION 

( .. . ) There is a need to build a pool of technologically literate individuals who will 

take a leading role in the production of goods and services needed by the nation. 

In order to understand and eventually be in control of our future societies we must 

study technology and its pervasive influences from our earliest youth . Hence the 
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study of technology in the primary school curriculum." 

6.3 Technology teaching in primary schools and industry in Hungary 

The second keynote speech was given by dr. S.Kiss. These are the mainlines of his 

paper: 

"Technology teaching in primary schools and industry in Hungary 

Introduction 

Starting from the general concept and specific features of the subject technology 

we have analysed the main aims of teaching it in primary schools according to the 

new curriculum accepted in Hungary last years. These main ideas are: 

-the ways of application of sciences; 

-abilities in the field of production; 

-the organization of work and practical skills; 

-preparing for choice of profession. 

The components of this subject accepted for realisation of the above ideas can be 

divided into several fields of activity in the schools, such as: materials and their 

properties; outlook of the industrial processing; certain elements of the agricultural 

technology, housekeeping practices. The main topics of the subject being linked to 

the industry are: the production and formation of materials, energetics, 

technological communication practices with construction and assembling sets and 

assembling complex models and machines, introduction to the electronics and 

computer technics. 

In the Hungarian school system there is eight-year school beginning at the age of 

six. This is traditionally divided into two four grade parts. In the lower part 

mainly a single primary school teacher teaches all subjects and in the higher four 

grades every subject is taught by different teachers. The teachers are trained in 

different colleges or universities depending on the age of the pupils. ( ... ) 
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Background 

The subject technology has been introduced in 1978 in the primary schools of 

Hungary. It was not a general concept of teaching technology before but so called 

manual practices were held in order to teach how to produce different not very 

complicated work-pieces. This earlier school activity in this field was not properly 

coordinated and conceptionally based. After 1978 one or two lessons per week 

were devoted to the technology in the all classes (I - 8) of the primary school. The 

main elements of this change were as follows: 

-putting the different operations on the material (or the processing of it) to the 

centre of teaching instead of the producing of certain work-pieces; 

-working out a general concept of the technology teaching concerning both girls 

and boys less considering their different attitude (different teaching programmes 

had been used for them before); 

-reducing the difference in technology teaching in the villages and in the towns . 

Agricultural school activity was usual in the villages and mainly industrial one in 

the towns before 1978. Introducing the general concept of technology both type of 

activities remained accepted (as version A and B) in the upper grades (class 5 - 8) 

of the primary school. But there was no differentiation in the lower grades (class 

- 4). 

Surveying the results and problems of the ten years in teaching of technology 

centrally initiated modifications were made again by the Ministry of Education in 

1988 . The main problems inducing the modifications were like this: 

-uniform programme in the lower grades but two versions in the upper classes. It 

was a general point to bring together the A and B version (taught mainly in the 

towns and villages respectively); 

the development of the science and technology induced a real need of topics which 

had not been included into the subject technology before: 

informatics, computers, microelectronics, biotechnology; 

-it turned out that the uniform programme for both girls and boys was not in 

accordance with their attitude in every field. Girls would like to learn household 

too, for instance; 
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-insufficiences in the methodology and in the material supply. The teaching subject 

was too theoretical. Certain problems were assigned as a homework. Not all the 

operations were in accordance with the age of the children. 

In order to solve the above mentioned problems the next main modifications were 

made: 

-in the field of the materials and their processing to teach their properties in more 

details and their testing as well. To know more about how to use and replace the 

different materials. More place should be devoted to wood and textile because the 

supply and processing of these materials is not so complicated, but they can be 

used many foldedly; 

-complex works using different materials in the higher grades. Using more natural 

materials. The origin of the different materials; their connection with the nature; 

-practices with assembling sets and assembling machines in connection with 

vehicles. More connection with knowledge about traffic; 

-modelling the different motions and drives. Connection between machines and 

man; 

-practices with construction sets. The points of the construction. Elements of 

architecture, spatial thinking and view; 

-usage of computer, its main parts and functions. The possible role of the 

computer in the field of communication, work, controlling, entertainment and so 

on. 

Survey 

In order to control how the above concept and ideas are carried out in every day 

school practice we have made a survey in the primary schools of the city Debrecen 

and in the neighbouring county. ( ... ) 

Summary 

From the survey ( ... ) the following main conclusions can be drawn for the present 

situation: 
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-those parts of the subject technology have the biggest proportion and popularity 

both among the teachers and pupils which have been traditionally in the curriculum 

and which have been supplied with demonstration and other materials; 

-there are new topics or wishes such as household sewing, computer technology. 

The present study circles fulfil the wishes partly only ; 

-the topics connected to the industry have much more volume than the agricultural 

ones but only few direct links to the industry can be found . In spite of the fact that 

pupils would like to visit more factories the number of these events is decreasing . 

In few schools agriculture is taught in majority; 

-teaching of technology has certain influence on choosing a job what is much more 

pronounced in the case of boys. There are several schools where the usual choice 

of profession has influence on teaching of technology too." 

6.4 Some more experiences 

Dr. W. E. Dugger in his presentation 'Mission 21: A new approach to teaching 

technology education .in the primary school' gives a survey of technology education 

curriculum material for grades 5 & 6 (ages 10 & 11), grades 3 & 4 (ages 8 & 9) and 

grades I & 2 (ages 6 & 7), developed at Virginia Tech . There are three resource guides, 

one each for grades 5 & 6, 3 & 4, I & 2. 

Part of the resource guides are such topics as: 

-why should children study about technology? 

-how does this program contribute to the elementary school curriculum? 

-a definition of key terms, 

-how is technology different from science? 

Included in the resource guide are the thematic approaches to teaching technology 

education at the elementary school level. The themes are: 

-invention, communication, energy & matter, space colonization (grades 5 & 6), 

-relationships, machines, discovery, community (grades 3 & 4) , 

-transportation, explore, design, space (grades 1 & 2). 

"The Mission 21 materials integrate technology as a subject matter discipline 

within the other school subjects of language arts, science, social studies, 

mathematics, health & physical education, and art" . 
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Dr. J.H. Raat and H. Siegers in their paper 'Elementary school technology education and 

industry' give a short description of the package 'Techniek op de Basisschool' 

(Technology at the Primary School), consisting of three video-films and three books/bro

chures. The package has been made on request of the Dutch Ministry of Education and 

Sciences, and had the aim to promote equal opportunities in elementary school 

technology. 

In 1989 in The Netherlands the BASTEC-project started (BAS-TEC, 'BASisschool 

TEChnology'), a three years project, in which teacher training institutes co-operate to 

construct an elementary school technology curriculum, together with a parallel curriculum 

for the training institutes. 

As for the links with the industry: 

"In technology one not only likes to make things that can be used, things that 

make life easier and more comfortable. One also likes to make things with a good 

quality, things that work well, and things that are payable. This is done in 

industry. In elementary school technology in the classroom one should have some 

simple examples of industrial labour, also with working in a production line, and 

with specialized tasks. One also should pay attention to the service-industry as a 

new branch. When teaching technology at Teacher Training Institutes one should 

explicitly pay attention to the links with industry" . 

S. de Lange in his paper 'Technology centre for primary education "Aeolus" at 

Sexbierum' gives an expose of the iniative to start a technology centre for primary school 

technology. 

"The CHN, Christian Institute of Higher Education in the Northern Netherlands, 

was one of the iniators of the BASTEC-project .. . Aim of the project is: to inte

grate technology education in a proper manner into the curriculum of primary 

education. ( ... ) The content of the technology-project .. . is centred around three 

... issues: 

- ... the program-content .. . the final result of the educational/didactical philosophy 

we developed . .. ; 

- ... the suitable accomodation to run the program; 

-... the centre has to have a high degree of flexibility in the installations, so that 
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all target-groups can find something that really interests them (students in teacher 

training, primary school pupils, secondary school pupils, primary teachers, tourists 

E. A. Braddock, a practising class room teacher at Wynn Vale School in South Australia, 

Australia teaches technology, using an across curriculum technology. She reports : 

"Technology in the junior primary school using an across curriculum 

methodology with an over-all theme 

Introduction 

Technology has many varied and diverse definitions. Many equate the term 

Technology with just computing. Does this inf~r that there was no such thing as 

technology before computers were developed? I want my students to understand 

that technology has developed as a result of people finding ways to solve problems 

and needs. To this end over years I have developed a programme which helps 

children to understand and appreciate technological developments -past and 

present, and allows them to experiment with and invent their own forms of 

technology through problem solving. 

The methodology 

When presented with problems of their own young children have a wealth of 

ideas, but often lack the skills to develop them. It is important to have a skill 

development programme running concurrently with the problem solving 

programme. Children don't only need the practical hand skills, they need 

language, mathematical, research and social skills. ( ... ) 

The skills needed for each child were identified through teacher observation and 

discussion with other teachers and parents. The children needed to be shown how 

to use classroom equipment correctly e.g. staplers, scissors, computer, tape 

recorder, over-head projector, hand tools etc. so that they become independent 

users and can then use this equipment when it becomes necessary during problem 

solving activities. ( ... ) Because problem solving incorporates so many areas of the 

curriculum in a practical way, it gives purpose to some children who previously 
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couldn't see why maths or language for example was important. Thinking and 

reasoning skills also developed and all the children showed more confidence and 

independence in all areas of their work. They definitely became risk-takers, who 

were willing to have a try at anything. 

Developing the theme 'Factories' and manufacturing 

Our broad theme for the year was 'Machines are everywhere'. In the first part of 

the year we looked at castles, machinery and the technology used by people in 

castle times . During this period I worked with the children on planning and why a 

plan is so important. ( ... ) 

Our factory experiment had been really successful. Some of the outcomes for the 

children were: 

1. being able to have first-hand experiences in planning, manufacturing and 

marketing; 

2. application of mathematics skills, handling money, predicting profits, keeping 

daily tallies and over-all totals; 

3. language and writing development through the need to advertise and produce 

forms; 

4 . social skills through working as a team member; 

5. pride in workmanship and producing the best finished product as possible; 

6. a feeling of excitement and success in a job well done. We had raised $ 95 for 

the Anti-Cancer Foundation. 

Conclusion 

It is very notable that all of the children in my class showed marked development 

in reading and maths ability." 

6.S Discussion 

All participants agree there is a growing interest in teaching technology education in the 

primary school. Young children have a wealth of ideas to build, to construct, to make 
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things. 

Biggest problems In developing and implementing technology education, and industry, 

are: 

-teacher education, pre-service as well as in-service training. Most teachers of young 

children should have knowledge and skills in all school subjects; 

-the integration of technology as a subjectmatter discipline within the other school 

subjects. 
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7. TECHNOWGY TEACHER EDUCATION AND INDUSTRY 

7.1 Introduction 

Technology teacher education has become a continuous theme of interest at PATT 

conferences. At the PATT-5 conference the relationship between this education and 

industry was discussed. Presentations and discussions showed that the relevance of this 

issue is recognized in all countries that were represented . Some countries have proceeded 

more than others in finding ways of establishing a good contact between technology 

teacher training and industry. The exchange of information on this issue therefore was 

quite welcome. 

7.2 Situation in various countries 

In his keynote address, dr. R. Page (UK) introduced the theme by showing how in the 

UK teachers are acquainted with the way technology is practised in industrial settings. In 

the late Seventies and Eighties, Page together with Orr and Nash studied the attitude of 

pupils toward technology and industry with pupils that had studied Modular Courses in 

Technology. He and his co-researchers found that among the schools with the highest 

attitude scores, 

"there were notable contacts between schools and industry. Some of these 

contacts particularly affected staff, such as schools-industry liaison 

schemes, and school staff who had worked in industry or had practical 

contacts with industry , whilst other contacts would have had more direct 

effect on pupils, such as schools having good employment records with 

firms, leading to employers turning to the school first for recruits, and 

work experience schemes for fourth and fifth year pupilS. Such links tend 

to create sympathy with industry on the part of staff and older pupils, and 

it is quite likely that the influence of such views would permeate to fourth 

year pupils and tend to create favourable attitudes on their behalf towards 

technology in industry." 

It must be added here that none of the schools were placed right next to any heavy 

manufacturing industry or engineering works, so that the pupils were not directly 

confronted with the 'dirty' aspect of industry as some teachers said. 
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This study showes that a positive attitude of teachers - gained by experience in industrial 

visits or work-periods - can influence the pupils' attitudes to technology positively. The 

inclusion of industry as an element in technology teacher education herewith is shown to 

be important to stimulate a favourable attitude towards technology with pupils. 

The way this is done should be well thought over and even relates to the trainers of future 

teachers themselves. As Page says: 

"It is essential for those staff delivering TIT or INSET, be they tutors in an 

Education department or advisors in a LEA, to have had a positive 

experience of industry themselves to be able to offer programmes that give 

student teachers or teachers the right kind of experience of industry and 

technology. Already teacher trainers are expected to have regular 

professional renewal in the classroom and this is now being extended to 

industrial experience. Similarly when inspectors and advisors make regular 

visits to schools which keep them professionally in contact , increasingly 

they are being released for secondment to industry and commerce for short 

periods of time. It is essential however, that these are planned placements 

and not a Cook's rapid guided tour of a particular factory or company. A 

planned placement must include specific work shadowing to understand the 

nature of a firm's operation; specific management tasks that are of positive 

value to the company and to the person on placement; and joint curriculum 

development work that can form a link between the firm and the 

educational institution involved whether it is a school, LEA or HE 

education department. " 

Once teacher trainers have the right ideas about industry, they can pass them on to the 

future technology teachers, who then can finally pass them on to their pupils. 

In the UK Concurrent Degree and Teacher's Certificate route there is a six months 

industrial placement period, that is aimed at acquainting future teachers with industrial 

practice. In the shorter Postgraduate Certificate courses this is not possible, but instead of 

that, some Education departments encourage teachers to undertake an industrial placement 

instead of, or in combination with a school placement. The Bachelor of Education Degree 

programme increasingly pays attention to industrial practice. 

Page thus states his opinion on effective technology teaching, in which industrial practice 
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plays a role: 

"From what has been said, effective teaching in the area of Technology and 

Design is difficult to achieve without a majority of the staff teaching in this 

area having some experience in industry. Equally, team teaching is difficult 

to avoid if the range of experience, knowledge and skills is going to be 

covered that is being demanded by the attainment targets. From my point 

of view, a well balanced Design and Technology team would include at 

least one teacher over fifty years of age from industry , with the rest of the 

team having at least the equivalent of one year's experience of industry, 

and with at least four different specialist backgrounds In the team e.g. 

Home Economics, Business Studies, Design , etc. This is quite a tough 

target to reach and with the present financial constraints, it is difficult to 

see teachers released for one year placements. If the placements are 

properly structured where the management tasks develop management skills 

(many of which will be relevant in a school context): where work 

shadowing develops a first-hand understanding of an industry through 

exposure to its principle sections: and where there is a remit to produce 

relevant curriculum materials a shorter period will suffice provided there 

continues to be a relevant and realistic contact with the industry 

afterwards. " 

Page concluded by expressing his expectance that the industrial component in technology 

teacher education will still be enhanced in the future. 

Two other paper presentations dealt with the UK situation. 

l .R. Matthias explained the way the technology education - industry relationship is 

integrated in the Wolverhampton Polytechnic technology teacher training courses. The 

following basic enterprise competencies are embodied in the course aims: 

"presentation; 

communication; 

problem solving; 

decision making; 

time management; 



team skills; 

personal skills; 

self review and assessment." 
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Competence in the Wo]verhampton courses has been defined on three levels: 

- technical competence; 

- action competence; 

- theoretical understanding. 

Through a Flexible Learning Approach these competencies will be acquired by the future 

technology teachers. 

During the four year Bachelor Education degree in Design and Technology a student 

takes 16 subject modules, 8 professional and applied subject modules and 8 supervised 

teaching experience modules . Many of the central principles of economic and industrial 

understanding permeate the course. Some modules address these issues more explicitely, 

like the module 'Education/Industry Partnerships' (a professional studies module), and the 

module 'Enterprise Technology' (a design and technology module). 

Ways in which staff development issues are addressed , are: course development, which 

included the economical and industrial dimension, development of curriculum materials in 

cooperation with industry, work placement of staff involved in initial teacher training, and 

industrial management courses. Apparently some of Page 's ideals for teacher training staff 

are put into practice here. 

The third UK paper was presented by G. Shield from Sunderland Polytechnic. In his 

view, the realisation of the technology education - industry relationship in technology 

teacher training needs the following three steps: 

"First is the recognition that an understanding of concept formation is 

essential to the process of coming to terms with the issues presented. 

Secondly there is the need to establish a philosophy of education which 

regards such experiences as valuable and thirdly is the requirement to 

develop meaningful experiences which illustrate the real need for industrial 

and technological awareness." 

In dealing with industry we ought not to limit ourselves to manufacturing, but also 

include banking, insurance and the service industries, according to Shield . 

In the Sunderland Polytechnic four year Bachelor of Education course for Technology 
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teacher students, plans have been developed for including an EducationlIndustry module 

in the programme. Shield describes the four parts of this module as follows: 

"i. An introduction period of one week in which students are introduced to 

the Education/Industry programme. Students look at topics such as the 

structure of business and industry together with resources and support 

available. There are also visits to schools where examples of good practice 

in the field can be observed; 

ii. the second week of this part of the programme is a residential 

experience where students can visit industrial concerns outside the 

immediate neighbourhood; 

iii. during the third year of the course students spend three weeks working 

in a local enterprise centre initially on their own but later with pupils 

developing their own expertise at setting up and operating a mini company; 

iv. the industrial placement occurs during the fourth year. In this part of 

the course the student 'shadows ' someone in industry for a period of four 

weeks. Students are expected to observe a full range of activities, 

particularly those who touch on the young worker. These could include 

personnel work and training programmes." 

Shield concludes by stating: 

"Possibly the most fundamental learning activity to take place within 

'technology' is that of 'learning by doing'. If therefore students are to gain 

a worthwhile experience of 'industry' this experience must be structured so 

that not only is the 'activity' itself seen to be valid but also that the 

educational concepts behind the experience can also be seen to be relevant 

to a technologically based society. In our approach to the work in 

Sunderland we feel that we have embarked on such a model and are 

looking forward to consolidating this approach in the future . " 

Experiences in Hawthorn, Victoria (Australia), were reported by R. Verity. The 

Hawthorn three year programme has five strands: 

"Strand 1. Teaching, Learning and Curriculum; 

strand 2. Technology Studies; 
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strand 3. Education Psychology; 

strand 4. Language and Communication; 

strand 5. Education, Technology and Society." 

Contacts with large and small industrial companies are many and these are used as source 

of supply in both kind and information. Trainees are encouraged to arrange their own 

visits to fulfil the requirements of the field experience. Guest speakers from industry are 

invited with courses like 'Technology and Technological Change'. 

In the paper by Gawdzik, Przybylski and Minsk, the practical training of technology 

teachers in Poland is described. Here the industrial component is quite important. Three 

forms of organizing industrial training as part of the technology teacher training are 

mentioned: 

"-passive training - learning about the activity in all departments and 

selected production points; 

- active training - performing concrete assignments, i.e. direct participation 

in production processes; 

- mixed training - combination of organizational forms taken from passive 

and active training. " 

Each training is carried out on the basis of prepared regulations both for the student and 

for the industrial unit. 

Polanczyk and Stryjski (Poland) in their paper discuss the simulation of flexible 

manufacturing systems in modern methods of industry process organization teaching. 

They developed a software simulation package on flexible manufacturing that can be used 

for educational purposes. This package gives pupils a realistic idea of the way modern 

production in industry takes place. The authors are now working on models for less 

automatized manufacturing processes. 

7.3 Discussion 

There was general agreement abbout the need of industrial experience as a part of 

technology teacher training. It was doubted whether the technology teachers we have now 

have enough of that experience to give a realistic view on technology. A lack of local 

industries can be no excuse to take this for granted. Even small shops can serve as 
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models for industrial practice. It seemed that the lack of industrial experience IS even 

stronger for primary school teachers than for secondary school teachers. On the other 

hand, primary school teachers are more used to integrate projects work and thus are more 

prepared to work on projects that e.g. simulate small corporations. 

One of the groups discussed the idea that was raised by R.O. Harvey in his presentation , 

when he underlined the need for technology education networking. Networks could foster 

(inter-)national exchange of information and experience and in that way playa role in the 

development of good technology teacher training programmes, that also contain a 

sophisticated industrial component. The P A TT conferences in fact serve as a preparation 

for such networking. 
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PREFACE 

Technology and industry are closely related. 
New technologies generate new industries, and by that changes in the labour 
market. 
Schools have to prepare their students for that new labour market. 

'Technology Education and Industry' has been the theme of the fifth international 
PAn (Pupils ' Attitude Towards Technology) conference, that has been held in 
Eindhoven, the Netherlands, April 18-23, 1991. 

The publications 
- Volume 1 Report, 
- Volume 2 Contributions 
contain the report of and all contributions to the PAn-5 conference. 

We like to thank all those who have contributed to this conference by submitting a 
paper. 

IIja Mottier 
Jan H. Raat 
Marc J. de Vries 



OPENING SESSION 
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OPENING SPEECH FIFTH INTERNATIONAL CONFERENCE 
'PUPILS' ATTITUDE TOWARDS TECHNOLOGY' 

Dr.ir. J.W.M.A. Houben, Pedagogical Technological College 
the Netherlands 

It is a pleasure to welcome you here on behalf of the hosting 

institute, the Pedagogical Technological College (PTH) in 

Eindhoven. We feel proud to have a highly qualified group of 

experts like you in our midst. The PTH is a teacher training 

institute in which international contacts play an increasingly 

important role. This holds for the teacher training programmes 

for vocational technical subjects, like mechanical 

engineering, electrical engineering, building engineering and 

transport engineering. But it certainly holds for our young 

technology education department. Technology education in the 

Netherlands, as in many countries worldwide, is an emerging 

school subject, for which the discussion on the basic 

principles and frameworks is still going on. ·In such a 

situation, exchange of ideas between countries is 

indispensible. 

We see this conference as a means of bringing together people 

from various countries in order to learn from each other. We 

all have our own situation and our own boundary conditions to 

work with. We all have different ways of finding the best way 

of teaching youngsters about technology in that situation and 

with those boundary conditions. But there are many problems 

that we share and therefore learning about each other 

approaches can be helpful in the struggle that each of us has 

in this field. 

This is the second time, that the PTH hosts a PATT conference. 

When both Jan Raat and Marc de Vries left the Eindhoven 

University of Technology we took over the task of serving as a 

hosting institute for the PATT conferences. We think that we 

as an institute are so heavily involved in technology 
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education that we should not miss the opportunity to play a 

role in the organisation of this series of conferences. 

The PTH is one of the six institutes in the Netherlands, that 

educates teacher for technology education. The PTH, however, 

is the only institute in our country that developed a complete 

new philosophy for this subject, in which various models from 

other countries are combined. So far our minister of education 

had only given the institutes permission to start of parttime 

programme, but from September 1991 on we will also have a 

fulltime programme. This will yield new possibilities for 

international exchange of staff and students. We are looking 

forward to strengthen already existing relationships with 

institutes abroad and to make new connections where possible 

and useful. 

with our new philosophy of technology education, that forms 

the basis of our teacher education programme, we hope that we 

will indirectly influence technology teaching practice in our 

country. So far, technology education was a subject mainly in 

vocational schools, but more and more schools for general 

education are implementing technology education also. 

Technology education in vocational schools often was confined 

to the training of handicraft skills. For the general schools 

this approach will not be satisfying. In many vocational 

schools too, there is a growing awareness that technology 

education should rather give pupils a more broad and general 

introduction into technology as a discipline and as a 

phenomenon in our culture. Our approach aims at providing this 

perspective to pupils and thus helping them to understand, 

live in, cope with and control their technological 

environment. 

In this perspective relationships with industrial practice 

must be integrated. Industry is a major area of our society 

where we find technology being realized. All citizens should 

have some understanding of the process of industrial 
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innovations. In the Netherlands, a committee was installed by 

the minister of education with the assignment of stating 

attaignment targets for the subject Technology Education. I 

had the pleasure to be the chairman of that national 

committee. In our list of attaignment targets we deliberately 

included some attaigment targets that are concerned with 

technology in industry and can only be realized by studying 

industrial practice. 

There are several reasons for this. In the first place, this 

gives pupils a good conception of technology. This 

conceptualization by many educators is regarded as the main 

aim of Technology Education as a school subject. Organization 

like UNESCO and OECD, who will be represented at this 

conference, have put emphasis on this in their science and 

technology projects. 

Secondly, it helps pupils to realize the professional career 

options there are in industry. This aspect should make 

industries interested in being involved in technology 

education. Some industries have shown this interest by 

sponsoring the PATT-5 conference. We want to thank DSM (a 

major chemical industrial corporation in the southern part of 

the Netherlands) and Unilever for contributing financially to 

this conference. Also we are pleased to have a Siemens 

representative at the PATT-5 conference. We also want to 

mention the contribution of the Ministry of Economic Affairs 

that will be used to publish the Proceedings and contributions 

of PATT-5. 

Thirdly, it gives the opportunity of seeing the advanced 

technologies that schools cannot afford to have in the 

classrooms themselves. In October 1990 we were involved in the 

organization of a NATO sponsored conference in Eindhoven on 

'Integrating Advanced Technology into Technology Education'. 

At this conference both industrialists, educationalists and 

policy makers agreed that the school subject should not be 
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oldfashioned, but up-to-date. It should prepare pupils for 

today's technological society and not for yesterday's. The 

question, however, is to find the constants in the methodology 

of technology. Teaching those constants will give pupils the 

conceptual tools with which they will be able to understand 

tomorrow's technology, even though we can only teach them 

today's (and yesterday's). A NATO representative will give 

some information on further efforts to spread the results of 

this October 1990 conference at PATT-5. 

In my position of chairman of the executive board of this 

institution, I am not able to attend your conference. This 

does not mean that I am not interested in the work you are 

doing. I am looking forward to see the results of the 

conference. I welcome you again here in Eindhoven and I wish 

you a succesful and useful conference, that at the same time 

has an atmosphere of informality and relaxedness. The subject 

Technology has the potential of being and becoming a highly 

relevant aspect of the education of all pupils. May this 

conference contribute to the further development of such a 

school sUbject. 

Thank you. 
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PATI. THE INTERNATIONAL TECHNOLOGY EDUCATION 

FORUM 

Prof.dr. J.H. Raat, Technon-Foundation 
the Netherlands 

1. What does it mean 'PATT'? 

We are here at the opening session of the PATT-5 conference, 

id est the fifth in the series of the PATT-conferences. 

What does it mean 'PATT'? 

What is the origin of that name? 

PATT is the acronym of "Pupils' Attitude Towards Technology". 

It shows how this series of conferences started: as the result 

of a research into pupils' ideas about technology; pupils' 

ideas about technology, those are their concepts of and their 

attitudes towards technology. 

In 1984/85 at the Eindhoven University of Technology (Eindho-

ven, The Netherlands) we (Marc de Vries and Jan Raat) did a 

nationwide research among 2.50 0 pupils/students in the second 

form of general secondary education (grade 8) in the Nether-

lands. The results were striking: pupils appeared to have a 

narrow and distorted concept of technology: they thought it 

was all about machines and equipment. Girls thought this even 

more then boys did. Surprising also was that a survey of the 

literature showed that so far not so much research had been 

done into pupils' (and teachers') attitude towards technology. 

And this in an era of fast growing influence of technology on 

the labourmarket, the economy, the environment. 

So we decided to try to start an international research into 
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Pupils' Attitude Towards Technology, or PATT. 

At the GASAT-3 conference, held in 1985 in London, UK we 

presented first results of our national research and invited 

researchers of other countries to join. 

2. The PATT-1 conference; Eindhoven 1986 

In 1986 the results were presented and discussed at a workshop 

at the Eindhoven University of Technology. The pilot studies 

were done in various countries (Australia, Canada, Hungary, 

Kenya, Nigeria, Poland, Sweden, united Kingdom) 1) 

This meeting was to be the first of a ' series of conferences, 

called PATT. 

As a result of the PATT-1 conference, the research instruments 

(a Likert questionaire and essay assignments) were improved 

and used for further study. 

But one cannot discuss results and questions of research into 

pupils' attitude towards technology without discussing deve

lopments of curricula and/or materials to promote a better 

concept of and attitude towards technology, and/or questions 

conceeerning the education of technology teachers. 

So the attention of the meetings broadened drastically; the 

name PATT was kept for easy recognition. 

The name of the newsletter we publised to keep in touch with 

the researchers, however, was changed from PATT-Newsletter to 

TECHnology EDuca-tion NEWSletter (TECH-ED-NEWS). 

3. PATT-2, 1987 

In 1986/87 more pilot studies were done in other countries, 
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and a number of medium and large scale studies were carried 

out. 

The results of these new studies were presented at the second 

PATT conference in 1987, again in Eindhoven. 

But this time the PATT-studies were not the only issue to be 

discussed. The main themes of PATT-2 were: research, divided 

into PATT-research and related research, and curriculum deve

lopment. Apart from this attention was paid to teacher trai

ning 2) 

4. PATT-3 with the theme 'Framewroks for School Technology'; 

1988 

As a next step in having the PATT-conferences on 'Technology 

Education', though always having PATT-research as an essential 

element, the third conference, PATT-3, 1988, was the first 

with a theme focussing on 'technology education' and not only 

even not especially of research. The theme was 'Frameworks for 

school technology'. 

The four subthemes of PATT-3 were: frameworks for Technology 

Education, PATT-research, related research and its relevance, 

how to make technology education attractive to girls?, the 

education of teachers for technology edu-

cation 3). 

The main part of the program was devoted to presentation and 

discussion that were aimed at looking for a general framework 

for technology education (in general education). This was an 

international trend, as also could be witnessed elsewhere, 

e.g. the transition of the AIAA into the ITEA. In discussions 
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at so-called 'science & technology' conferences the technology 

part mostly was overlooked. 

We were convinced, as we still are, of the necessity to have a 

special discussion platform for technology. It appeared that 

many people worldwide agreed on the idea of an international 

platform especially for technology education. 

s. PATT-4: 'Teacher education for School Technology'; 1989 

In 1989, the Pedagogical Technological college (PTH) in Eind

hoven became the hosting institute for PATT conferences. until 

that year, the Eindhoven University, located at the same 

campus, had that role. 

The PTH was just about to start a technology teacher education 

programme that year. Therefore it was not surprising that we 

chose 'Teacher Education for School Technology' as the main 

theme of the PATT-4 conference. This issue had already been 

discussed briefly at previous PATT conferences. The subthemes 

were: frameworks for technology teacher education, PATT re

search, women in technology teacher education, teacher educa

tion for primary school technology 4). 

As one can see, a certain constant structure for the PATT 

conferences became evident: 

-a certain main theme, concerning Technology Education, and 

-a number of subthemes that reappeared each conference: 

PATT-research, sex equity in technology education, teacher 

education for technology education, and elementary or primary 

school technology education. 

We decided to have PATT conferences biannually in stead of 
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annually. This decision allowed to have PATT conferences with 

a more national and/or regional character in the years in be

tween two international (Eindhoven) PATT conferences. 

6. PATT-conferences in Nairobi, Kenya and in Lagow, Poland; 

1990 

In 1990 two such conferences have been held: 

-one in Kenya, organized by Kapiyo, F. Othieno and H. otieno 

wi th the theme 'Curriculum and socio-cul tural issues in Ap

propriate Technology' (February, 1990), and 

-one in Poland, organized by Stryski, Szydlowski and others on 

'Technology and School' (April, 1990). 

The report of the PATT-Poland conference just has been finis

hed. 

Next year Blandow will have a conference in Erfurt (Germany; 

the former German Democratic Republic), in which PATT will 

also be involved. Proposals are on the way to have a more 

'regional' PATT-conferences in 1992 also. 

7. PATT-5: 'Technology Education and Industry'; 1991 

Now we have PATT-5 with as the main theme 'Technology Educati

on and Industry' and the five subthemes: technology education, 

industry and the labour market, research into technology 

education and industry, technology education and attracting 

women for technological professions in industry, primary 

school technology and industry, technology teacher education 

and industry. 

To enable a more flexible and efficient organisation and 
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fin a ncial policy, a formal PATT-foundation was established by 

the end of 1990. The board of this foundation consists of Jan 

Raat (chairman), Ilja Mottier (treasurer) and Marc de Vries 

(secretary) . 

8. PATT-6 on 'Technology Education and the Environment'; 

Eindhoven, 1993 

We propose to have PATT-6 in 1993 March 25-30, in Eindhoven, 

with as the main theme: Technology Education and the Environ

ment. We think that worldwide it is recognized that 

pupils/students and young citizens should become aware of the 

great influence technology has on our natural environment, in 

order to make them more conscious of the need for keeping it 

clean and suitable for living in. 

9. PATT. The international Technology Education forum 

The situation with respe6t to Technology Education conferences 

has been changed since PATT started. Several other organizati

ons have international conferences in this field, like the 

International Technology Education Association (ITEA) in the 

USA, the Design and Technology Association (DATA) in the UK, 

and the European Association for Technology Education (abbrev. 

in German: EGTB). This shows the need for those meetings. 

PATT has been the single platform that really brought together 

people from allover the world: the USA, Australia, Canada, 

African countries, India, Eastern and western Europe. This has 

given PATT the special character of 'the international Techno

logy Education forum'. 
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PATT has also served as a means of bringing together all these 

other organizational circuits, so that overlap would be pre

vented. 

In the past years, several international organizations have 

recognized this special role PATT has played and still plays: 

we now have contacts with UNESCO and OECD, the NATO Scientific 

Affairs Programme has shown interest in our activities. At 

this conference representatives of these organization contri

bute to the programme. We are pleased to have them eher and 

welcome them to participate and make suggestions with respect 

to our future relationships. 

10. The aim of PATT 

The aim of PATT is to bring people together to offer opportu

nities for exchange of ideas and information. The need for 

this is given by the fact, that technology education in many 

countries must still be regarded an emerging school subject, 

that still has to find its own position; its aims; possibili

ties; character. 

We hope that our conferences will contribute to the further 

development of the important, and exciting education of tech

nology. 
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INTRODUCTION TO THE PROGRAMME OF PATT-5 

Dr. M.J. de Vries, Pedagogical Technological College 
the Netherlands 

As the main theme of the fifth PATT conference we chose: 

'Technology Education and Industry'. Why have we chosen this 

theme and how have we structured the programme in which we 

want to deal with this theme? Those are the issues I want to 

discuss in this introductory contribution to PATT-5. As a 

surrounding for this introduction I chose the exhibitions we 

have at this moment at the Technology Department of the Peda

gogical Technological College (PTH), a teacher training colle

ge for technology teachers. The exhibitions were brought over 

from two museums and create an atmosphere of a generalistic 

approach to technology and technology education, of which I 

think it very well represents our thinking about technology 

education. The exhibition in this room is about 'Chemical 

technology and daily life'; in the rooms downstairs you will 

see an exhibition on textile materials, called 'Feeling allo

wed'. Last week these exhibitions were used at an open day, 

when we presented our programme to new students and other 

interested people. 

The choice of the theme 'Technology Education and Industry' 

was guided by the same principles as the choice of the exhibi

tions at the PTH: we do not want to focuss on very specific 

and specialised industrial topics, but we want to stimulate 

general thinking on technology education. Why then, is indus

try an issue that should be paid attention to within the 

context of technology education? 

There are several possible answers to this question. I will 

give three. 

In the first place, it belongs to a good understanding o f what 

technology is, to know something of the way technology is put 

into practice in industrial settings. This fact has already 

been recognised in a number of countries with a certain tech

nology education tradition. In the UK for example, some years 

ago a special Industry Year was held to stimulate contacts 
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between industries and schools. Several activities were inclu

ded in this Year, like visits of school classes to industrial 

sites, guest lectures of industrialists in schools, provision 

of written materials about industries to schools, projects in 

schools on simulation of industrial corporations. In the 

Eastern European countries, orientation on industrial produc

tion processes traditionally is a vital - perhaps I should say 

THE vital - element in technology education. An important aim 

of technology education in those countries was a preparation 

for productive work in industries. We are anxious to learn 

from our colleagues from those countries how the situation is 

changing now dramatic political changes have taken place 

there. In the USA the very name of the subject for a number of 

years indicated the interest in industrial processes: Indus

trial Arts. The change to Technology Education certainly was 

not aimed at deleting all industrial elements from the sub

ject, but at making the subject free from the image of just 

doing craftlike activities, like making wooden clocks. The 

orientation on technology as it is practiced in industrial 

settings will remain an important element in technology educa

tion, as can be seen from recent textbooks on technology 

education in the USA. In France, economical aspects of techno

logy often serve as a curricular organiser for technology 

education. From French textbooks I bought and presentations I 

heard, it became evident to me that pupils are stimulated to 

think about what you need to start a technological firm: e.g. 

knowledge of technological processes and equipment, financial 

deliberations. To mention one more country - not because it is 

so important, but because I know its situation well - in the 

Netherlands, 'technology in industry' is part of the at

taignment targets that have been stated for our new subject 

Technology. Therefore in our technology teacher training we 

pay explicit attention to organising excursions to industries. 

I am sure the same will hold for other countries as well. 

When insight into industrial situations is really relevant for 

a good understanding of technology, then it certainly needs to 

be discussed what consequences this has for technology educa

tion. In my personal view it certainly is not enough to pay a 

visit to industry now and then or to invite an industrialist 
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to tell something of his or her corporation. Industrial prac

tice should influence our whole approach in teaching about 

technology, in other words the methodology of technology 

education. A key word in industry is 'innovation'. Technology 

in the thinking of industrialists is: creating new products 

and processes. Technology in that thinking is not a static set 

of existing products, but has a dynamic character. Technology 

is a process, that goes from past via present to future. 

Technology education should stimulate pupils to be part of 

this process: to learn about the past of technology, to study 

what we have now and to think about what new developments can 

take place. Their thinking about technology must be transfor

med from 'technology as a large set of machines and equipment' 

to 'a creative process of thinking up new solutions to human 

wants and needs'. From previous PATT research studies we have 

seen that this will be quite a dramatic change in their thin

king. But this change of perspective will be an important 

contribution to their preparation for living in, coping with 

and even controlling their technological environment. 

A second reason for paying attention to industry in technology 

education is that we want to give our pupils an orientation on 

technological professions. It is quite evident that many of 

these professions are found in industry. Most of us will not 

regard technology education as belonging to vocational educa

tion in the first place. But I guess we will all agree with 

the statement that in technology education, pupils should be 

helped to see their own possibilities for opting for an indus

trial technological career. That is generally seen as one of 

the aims of general education. Here again it seems to be 

important to think of the methodological consequences of that 

statement. Only then pupils will have the possibility of 

experiencing the 'atmosphere' of a technological industrial 

profession, when technology education has something of the 

same approach as we find in industries. Of course the role of 

innovative thinking will be different in different types of 

jobs in industry. But we see more and more that creative 

thinking is not only asked from the designers in a firm, but 

also from the production workers, whom are given increasingly 
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responsability for their specific production unit. This requi

res certain 'key competencies' as they are called sometimes, 

and these competencies should be included in technology educa

tion. We will hear more about this in Gunter Bohle's presenta

tion this evening. 

The third reason I want to mention this afternoon is that 

industry can offer the orientation on advanced technologies in 

a way we cannot afford to present it in schools. Of course 

there is a possibility of showing the essentials of advanced 

technologies in models like LEGO and Fisher provides them, but 

this often gives a rather distorted image of the reality in 

industries. I will hasten to emphasise that technology educa

tion should not become trendy and deluded by the many new 

gadgets we find in technology. But on the other hand we educa

te our pupils for today's world. Although the process of 

technology in many aspects remains constant through time, the 

elaborations vary from century to century. And this very 

practical aspect of technology as we see it around us should 

be visable for pupils in our technology lessons. But here we 

are confronted with our financial limitations. Advanced tech

nological equipment has the nasty habit of being expensive. A 

good CAD-programme, a simple CNC-machine or CAD/CAM-equipment, 

control technology models, often are a substantial part of our 

budget when we want to have these in our technology class

rooms. Visits to industry can yield new opportunities to show 

these advanced technologies in practical situations. 

I hope I have been able to make clear the relevance of the 

theme of our conference. It is god to note that industry also 

recognises this relevance. This conference was sponsored by 

two corporations (Unilever and DSM). This shows that these 

industries are interested in what is going in here. Our third 

and major sponsor is the Ministry of Economic Affairs. Another 

positive sign is the fact that an international economical 

organisation like OECD also will be represented at this confe

rence. 

The next question I want to address is: how will we deal with 
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this theme in our conference programme. 

As you have seen from the pre-conference information, we have 

identified five sub-themes, that together will allow us to 

explore our theme in presentations and discussions. 

The first subtheme is: Technology, Industry and the Labour 

Market. In this first 'subtheme the main theme of the 

conference will be approached in a rather generalistic way. We 

will hear and talk about both methodological consequences and 

practical possibilities for paying attention to industry in 

the setting of technology education. Both the industrial, the 

methodological and the educational perspective will be 

presented. This part of the programme will include a visit to 

an industrial site. We were offered the opportunity to visit a 

beer brewing factory. We gladly accepted this opportunity 

because it will add a new dimension to our sometimes 

restricted idea of industry as metal, wood or plastics 

processing. Biotechnological processes certainly belong to the 

issues we can address in technology education, but the number 

of practical examples I have seen in practice is very limited. 

Perhaps we can get some inspiration during this visit. If it 

will not be a remedy for our psychological thirst, it will at 

least be for our physiological thirst. 

In the second subtheme - Research - we will look at research 

studies that have been done in the area of technology 

education - industry relationships. What ideas do pupils have 

of industry? What evaluated experiences are there in practical 

relationships between schools and industries? What new 

research needs to be set up to get more information on the way 

we should include industrial aspects into technology 

education? 

In the past years, research has be come a continous part of 

our conferences. And justly so, we think. There is a great 

need for well evaluated and documented experiences and 

studies. In many cases all we have is guesses and impressions. 

A more sound base for our programmes is necessary. It would be 

a nice outcome of the conference when we could make agreements 

on future studies to be carried out in combined efforts. 
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The third subtheme is: Technology Education and Attracting 

Women for Technological Professions in Industry. This, too, 

has become a traditional part of our conferences. That, alas, 

does not mean that it is easy to find contributions here. 

Actually, it is a great concern to us that so few papers are 

focussed on the issue of sex equity. Whas this just a trend 

that we had for some years and that has now decreased in 

relevance again? Has the problem of girls and technology been 

solved in the meantime? Or was the whole problem just the idea 

of some people that were in panic? I am afraid that the 

results of many research studies that firmly affirmed that 

there really was a problem here, still hold for today's 

situation in many cases. Hopefully the presentation of this 

conference will yield indications for directions in which 

solutions should be looked for. 

The fourth subtheme is entitled 'Primary School Technology and 

Industry'. It will include presentations on projects and other 

experiences in working with young children and a workshop by 

Jan Raat, that will make us experience primary school 

technology ourselves. It is encouraging to note that this 

subtheme - that we also had at previous conferences - now gets 

more attention because of the increasing number of 

contributions. When this represents the situation in education 

well, it would mean that more and more attention is paid to 

technology in the primary area. The importance of starting 

early with confronting children to technology has been stated 

at previous PATT conferences as well as at other technology 

education conferences worldwide. We are looking forward to 

learn what progress has been made in the past years. 

In our fifth subtheme we will deal with 'Technology Teacher 

Education and Industry'. Teaching about industry in technology 

education implies that we need technology teachers who are 

well acquainted with industrial technological processes and 

situations. Therefore industry should be one of the issues in 

their teacher education. As an early start of that subtheme 

you can see this exhibition here at the PTH. The modern 

industrial approach to materials can be represented by a 
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simple, but sophisticated figure: the function triangle (see 

figure 1). 

Form 

Figure 1. The function triangle 

It shows that there are relationships between the function to 

be served, the material to be chosen, the form it should be 

given and the treatment this asks for. These relationships 

should be recognised by designers in order to prevent mistakes 

that have been made time and again in the past: no treatment 

is available to give that magnificent material with its very 

appropriate properties that wonderful shape. In our module 

'Technology in Perspective' I have tried to show how this 

awareness can be part of the whole methodology of technology 

education. The exhibition is a practical example of how 

textile materials can be treated in this way. In many cases 

textiles are a rather separate part of technology education. 

But when treated in the framework of the function triangle as 

a designers mental tool it becomes a naturally integrated 

element in our subject. And as you will see in a minute, the 

examples you can use are multiple. 

Now finally a few remarks about the format of our conference. 

The heart of the programme are the keynote presentations, the 

paper presentations and the discussions. The keynote 

presentation will serve as an eye-opener for the whole theme. 

We have asked a few experts to give their thoughts on the 

subtheme they will introduce. They do not claim to give final 

answers, but to raise issues and point out directions for 

further discussions . Because of the great number of paper 
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contributions and the fact that we prefer plenary sessions for 

presenting these, we will - as we did in the previous 

conference - give each paper presenter about 10 to 15 minutes 

to put forward the highlights of his or her paper. Small 

clusters of three or four papers will then be discussed in 

groups. Each group is asked to appoint a scribe that will 

record the main points of the discussion in his or her group. 

I will collect those reports and put together a summary of the 

results at the end of the conference. This summary will be 

included in the report we will publish after the conference, 

as we did in the yea rs before. The PATT conference reports 

have proved to be a valuable resource for many people, both 

those who attended and those who were not able to attend the 

conferences. All paper contributions will be published in that 

report as well. 

As Jan Raat already stated, PATT is aimed at bringing people 

together. We are very pleased that the variation of countries 

represented here is at least as good as it was in previous 

conferences. In addition, we have more international 

organisation represented than ever before: UNESCO, OECD, NATO, 

EGTB. We have people from industry, researchers, curriculum 

developers, policy makers, teacher educators and teachers. All 

this is a prerogative when we want to have a succesful 

conference. A conference programme would be empty without the 

people to put it into practice. We are looking forward to have 

contributions from all of you, in whatever way. Together we 

will have to make this into a succesful event. 

I would now like to invite you to enjoy a drink and two 

exhibitions. May this blending of the formal and the informal 

aspects of our conference guide us throughout the PATT-5 

conference. 

Thank you. 
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TRENDS IN THE DEVELOPMENT OF INFORMATION 
TECHNOLOGY AND CONSEQUENCES FOR TECHNOLOGY 
EDUCATION 

Dr. G. Bohle, Siemens AG 
Federal Republic of Germany 

CONTENTS 

1. THE ESSENCE OF INFORMATION TECHNOLOGY 

2. TECHNOLOGY AND ITS TRENDS 

3. CHANGES IN JOB QUALIFICATION 

4. CONSEQUENCES FOR EDUCATION 

1. INFORMATION TECHNOLOGY 

ALL TECHNICAL SYST~MS INVOLVE 

MATERIAL ASSEMBLIES~ 

ENERGY TRANSFER AND 

INFORMATION PROCESSING. 

THE TERM "INFORMATION TECHNOLOGY" ENCOMPASSES ALL 

SYSTEMS AND THEIR COMPONENTS WHICH IN THEIR FUNCTION 

ARE MAINLY BASED ON INFORMATION PROCESSING~ USING 

MICROELECTRONICS AND COMPUTER CIRCUITS AS ESSENTIAL 

ELE ~1ENTS . 

THIS IS THE CASE~ FOR EXAMPLE~ IN 
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Integrated volceldata Privata + public 
termlnala exchange avstems 
• Loudspeaking telephone __ • Conlerencing 
• Answerphone : • Tariff recording 
• Chip card talephone • Aulomatic dialling 
• Teletext. videolext • Call -indicalion + blocking 
• Telewriting : ' • Electronic mailbox 

Mobile communication 
terminal equipment 
• In cars 
'At home 
• Paging syslem 

, • Cellular radio 

• Telemetric ser;ices 
• Point -la-point ser;ices 

• Printer I ~--------------"" 
• ISDN-Comp_ terminal ___ , 1 

Application segments 

Product segments 

Crosspoint switching Network termination 
• Memory time switch • U-I nterface 
• Conferencing • SfT -Interface 

• Powerfeedlng 

Telephone control Trunk unit 
• Speech-contrOller • T1/S2 rate 
• Ring dial control • Frame alignment 
• Hands free control • Transceiver 
• Number storage • Signalling No 7 

Communications 

SIEMENS 

Engine Drive 

• Ignition • Transmission control 
• Injection • Anti -slip control 
• Engine conlrol • Anti -blocking system 

• Lavel control _ 
• Damping conlrol 

Application segments 
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Product segments 

Sensort 

• Hall Cs 
• Hall-eHect vane 

switches 

Signal processing 
• ABS component 
• NO converters 

Mlcrocontrollers 
. 18BltMC 
. 16 Bit MC 

Automotive Electronics 

j 
I 

Analog line card 

• Coded 
• Board controller 
• Line feeding 

Terminals 
• Protocol Interface 
• Terminal adaptor 
• Aud io-ringing 
• Power controller 

Car body 

• Salety 
• Extras 
• Locking system 
• Etectrical system 

Me peripherals 
• Special memory 
• Dual port RAM 

Digital line card 
• ISDN control 
• U-I nterlace 
• S-I nterface 

Dlgltalmobileradio 
(GSM) 
• RfT controller 
• Channel coded 
• Equalizer 
• Controller/Interface • 

Information 

• Instruments 
• Bard computer 
• Navigation 
• Traffic guidance system 
• Check control 

Power l 
• Output stages 
• Voltage regulator 
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Robotics 

• Operational 
ampJifliers 

• NO converters 

Power ICs 

Measurement Medical engineering 

. ( 

• Discrete and • Microwave 
I ntegrated sensors semiconductors 

• Smail-signal 
transistors and diodes 

SIPMOS • Microprocessors 
• transistors • application specific 
• and modules mlcrocontrollers 

• Memories 

Industrial Electronics 

SIEMENS 

Desktop
computers 

Mainframes , 
.' J; 

I i 

-~--.----~-

Application segments 

Product segments 

Microprocessors 

• 8 bit 
.16 bit 
.32 bit 

Mlcroconlrollers 

• 8 bit 
.16 bit 

Workstations Personal 
computers 

Printers 

----- -bJ::?'!:' ~.--.--.. , ... ~. t.. " . Mini- ___________ --. 

computers : ,<> 

, , ' 

---~~--"". : 

Peripheral 
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Power-MOS 
ICs 

Data Processing Industry • 
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SIEMENS -------------------------------------------------------

Product spectrum : 
• 1-Mbit DRAM 
• 4-Mbit DRAM 
• 16-Mbit DRAM (in development) 

4-Mbit DRAM . Cll ip size 83 mm2 
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FUTURE-ORIENTED ApPLICATIONS OF MICROELECTRONICS: 

VOICE RECOGNITION AND VOICE SYNTHESIS 

(VOICEWRITER, VOICE EQUIPMENT CONTROL, 
LANGUAGE TRANSLATORS) 

MULTIFUNCTION OFFICE EQUIPMENT 

(VOICE, TEXT, DATA AND PICTURE PROCESSING IN 
ONE SYSTEM) 

FACTORY AUTOMATION 

(COMPUTER INTETRATED MANUFACTURING, CIM) 

AUTOMOTIVE ELECTRONICS 

(ENGINE AND DRIVE CONTROL, TRAFFIC GUIDANCE SYSTEMS) 

ENVIRONMENTAL PROTECTION 

(POLLUTION DETECTION, PROCESS CONTROLS) 

MEDICAL ELECTRONICS 

(DIAGNOSTIC SYSTEMS, EXPERT SYSTEMS, ELECTRONIC 
LIMB CONTROLS) 

ARTIFICIAL INTELLIGENCE 

(EXPERT SYSTEMS, NEURAL NETS, KNOWLEDGE PROCESSING) 
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3. CHANHES IN JOB qUALIFICATIO~ 
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NUMEROUS NEW PROFESSIONS AND JOB OPPORTUNITIES 

WILL ORIGINATE IN THE MANIFOLD APPLICATION AREAS 

OF INFORMATION TECHNOLOGY FOR QUALIFIED PERSONS, 

PARTICULARLY FOR WOMEN, 

SCHOOLS SHOULD HELP TO ENCOURAGE GIRLS TO ENTER 

TECHNICAL PROFESSIONS/AND PROMOTE BASIC KEY 

QUALIFICATIONS SUCH AS 

ABILITY AND WILLINGNESS TO LEARN 

ABILITY TO COMMUNICATE 

RELIABILITY 

INITIATIVE 

DECISION MAKING 

WORKING COOPERATIVELY IN A TEAM 

ACCEPTING RESPONSIBILITY 

CREATIVITY 

PLANNING ABILITY 

SYSTEMATIC, ANALYTICAL PROBLEM SOLVING 

WORKING INDEPENDENTLY 

AND OTHERS, 

A NEW VOCATIONAL TRAINING SYSTEM PUTTING PARTICULAR 

EMPHASIS ON SUCH KEY QUALIFICATIONS IS PETRA, 

DEVELOPED AND PRACTICED BY SIEMENS CORP, IN GERMANY, 
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"THE USA - AS ALL INDUSTRIAL NATIONS -

IS UNDERGOING A FUNDAMENTAL TRANSITION 

FROM PRODUCTS TO SERVICES. FROM PHYSICAL RESOURCES 

TO HUMAN RESOURCES. FROM INVESTMENT IN MACHINERY TO 

INVESHIENT II. KNOWLEDGE. FROI-I CAPITAL INHNSITY TO 

r<NO~ILEDGE I NTENS ITY. FRO~1 A DOMESTl C ECONO~IY TO A 

GLO£lAL ECONOr-IY ." 

SUMMARIZED IN A NUTSHELL : FROM A PRODUCTION-ORIENTED 

ECONOMY TO AN INFOR MATION AND SERVICE-ORIENTED ECONOMY. 

(FROM "GLOBAL STAKES - THE FUTURE OF HIGH TECHNOLOGY IN AMERICA") 

INVESTMENT IN EDUCATION IS THE BEST INVE STMENT A COUNTRY CAN MAKE 

TO SECURE ITS FUTURE. 

SUr.MARY 

Microelectronics has just turned 30 years of age. It has attained megabit integration 
levels, subrnicron structures and transistor switching times in the picosecond range. 

Continued development in the 90's is likely to advance to the 256 megabit memory 
chip, monolithic integration of complex logic functions and a wide range of powerful 
new electronic equipment and systems. 

New applications are expected especially in all areas of artificial intelligence, such as 
expert systems, neuronal networks anihuman speech recognition. In all sections of 
industry and commerce job requirements will change in the direction of higher 
qualifications with respect to the understanding of computer technology, information 
processing and the working with complex systems. 

Certain basic abilities and attitudes regarding creativity, accuracy, reliability, respons2.
bility, continuous learning, teamwork and the ability to communicate are becoming an 
increasingly important ingredient of education. 

Matching the educational profile to the requirements of tomorrow's jobs and a post
industrial society is a challenge to our schools today. Teacher training needs to be 
adjusted accordingly. The way to information society will pass right through our 
classrooms. 
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EXACTNESS IN TECHNOLOGY AS A DIDACTICAL PROBLEM 

Prof.dr. A. Sarlemijn, Eindhoven University of Technology 
the Netherlands 

Content: 
§ 1. Introductory remarks on limitations in technology 

education and their consequences: an estrangement 
from practical norms and requirements, an 
estrangement from the necessary coordination and 
integration of technologies and also an estrangement 

§ 2. 

§ 3. 

2.1. 

2.2. 

2.3. 

from an adequate and modern insight in exactness 
The modern concept of scientific knowledge and of 
its technological appl ications versus the dogmatic 
concept about these subjects 

The didactical problem concerning the dogmatic 
concept of mathematics: can it be el imina ted 
without harm? 
The modern concept of the development and 
application of mathematics: selecting from 
patterns 
The instrumental description of exactness 

The criterium for the exactness in using physical 
laws and theories: predictive value versus truth 
value 

Appendix to § 3 
§ 4. Design methodology and the exactness in the diffe

rent technological disciplines 
4.1. The instrumental selection method 
4.2. The instrumental selection method in the context of 

design methodology 
4.3. Similarities between the dogmatic view, the modern 

application concept and the instrumental method 
4.4. The central theses of this paper 

§ 1. Two limitations in technology education 
In technology education we put ourselves limitations. They 
have to do with the fact that we want to teach our students 
quickly and efficiently to work independly and with phantasy 
in their profession. This desire leads to the following two 
limi tations (that on the one hand are justified, but on the 
other hand have negative aspects as well; to those negative 
aspects I want to pay some attention here) : 
(1) the limitation of the complexity in the problems, 
(2) the limitation of the content to things that have to do 

with the professionals' practice in the future directly. 
with respect to (1): the exact subjects (like mathematics and 
physics) and also the technical subjects (like materials 



- 4 5 -

technology) are all taught separately. The advantage is that 
the student learns about the autonomous structure of those 
subjects and disciplines; and we expect that sjhe will learn 
to apply theze kinds of knowledge independently and with 
phantasy. The learning by heart of problem solvings from the 
past, on the contrary, does not seem very useful. 

However, the disadvantage of this didactical approach is 
the great distance from the comkplexity of the concrete pro
blems in the industrial practice. This distance ought to be 
bridged by the practical work by students. But the selection 
of the 'practical' cases for those activities are not seldomly 
chosen based on the criterium that they yield instructive 
examples for the knowledge that has been taught in the 
theoretical sUbjects. with that approach the practical work is 
made subservient to the theoretical insights and they do not 
give a relation with the complexity of industrial practice. 
Students will only learn that relation during the period they 
have to do practical work in industry - supposed (a) this is 
part of their education and supposed (b) this offers to the 
students an opportunity for an relatively independent and 
autonomous work experience.' 

with respect to (2): the second limitation I want to 
discuss here has to do with the choice of topics that are 
taught in the exact and technical subjects. In that choice we 
are intuitively led by an idea of the designs and con
structions of industrial practice where the student will have 
to work after finishing her or his studies. To understand the 
work of a building engineer for example a student does not 
need to know about quantum mechanics; and the intuitionistic 
set theory does not belong to the standard subjects for a 
student in mechanical engineering. This kind of mechanics and 
also this set theory have shown to be practically applicable, 
but neither in the context of building engineering nor in me
chanical engineering. Therefore, these theories are not and 
should not be part of the education in these types of enginee
ring. 

No one will deny this. Therefore, these extreme examples 
clearly illustrate the justification of this second 
limitation: the limitation of content of the exact subjects is 
necessary to reserve time for technical disciplines that are 
more closely related to the practice students will face after 
their education. 

And yet, these two del iberately chosen 1 imi tations have 
negative aspects: they imply the danger of various estrange
ments: 
( 1 ' ) 

(2 ' ) 

estrangement from the industrial practice in which 
other kinds of knowledqe and knowhow (f. i. deal ing 
with normative systems) than that of exact and tech
nical subjects are required; 
estrangement from the insight that in modern tech-
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nology the maj or i ty of important successes are the 
resul t of the complex coordination of appl ications 
or inventions based on various kinds of knowhow, 

(3') estrangement from an adequate insight into the 
methods of the exact discipl ines; the work in the 
context of the develoment and application of these 
discipl ines has a strong analogy with the work in 
the context of industrial practice; this analogy is 
based on the fact that in both contexts the problem 
solving requires a well trained phantasy. 

Design methodology diminishes the influence of these 
estrangements, as my last paragraph will clarify. Here I first 
want to pay attention to the explanation of these estrange
ments. 

with respect to (1'): the two limitations forementioned 
give a wrong idea of the complex normative context, in which 
technologists work. A design or construction in technical 
practice has the function of the practical answer to a set of 
requirements, that together are often incompatible, unless at 
leats some of them are weakened. The creative technologist 
comes to the bright choice of a design, that is based on a 
weakening of less critical requirements, in order to fulfill 
the more important requirements optimally. A lot of R&D 
activi ties is often required to achieve such a result in an 
industrial context. 

From this it becomes evident that manipulating requirem
ents is an essential component of industrial practice. The two 
limi tations forementioned contrary to that give an extremely 
descriptive character to technology education. Especially when 
striving for an advanced technology (like the search for a 
good solution to the large problem of energy supply) one finds 
incompatible desires. Seen from that perspective the two 
limi tat ions imply a movement away from the societal function 
of technology, while technology education should be practice 
oriented. 

with respect to (2'): in micro-electronics (transistors, 
ICs), in laser technology (CDs), in nuclear energetic techno
logy inventions are based on a cooperation of applied 
knowledge drawn from various disciplines and these inventions 
are used again in other technological disciplines (in the 
context of CAD for example). In other words: practice requires 
a survey of applications of various kinds of knowhow and in
sight into the cooperation of those various kinds of appli
cations. That knowledge is looked for in design methodology, 
as I will explain later in § 4. 

with respect to (3'): especially in the education of 
experience-based technologies (like building engineering) and 
in the macrotechnologies (like mechanical engineering) the 
content of the exact subjects - as I have mentioned earlier 
under (1) - are justly and deliberately limited. But that way 
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usually a superseded idea of exactness is taught. Besides that 
the analogy between approaches in the exact and technological 
disciplines are hidden. Especially the possibilities for 
choice with essentially different results are excluded, while 
they are an important part of both: of exact and of techno
logical disciplines. 

There is a certain relationship between these kinds of 
estrangement. The subject of my paper, however, forces me to a 
primary concentration on the latter kind. 

§ 2. Exactness in applying mathematics. 
2.1. The didactical problem concerning the dogmatic concept of 
mathematics: can it be eliminated without harm? 

I will illustrate my problem with an anecdote from my own 
experience. Several years ago a student of building enginee
ring did an oral exam with me. I started the conversation with 
the somewhat open question and asked her what she had learned 
from the chapter on the use of mathematics in building engi
neering. 

I had explained how since the last century various geome
tries were available in the context of the physics on space. 
Next I had discussed the use of mathematics in designing space 
divisions by means of Fibonacci numbers and of the geometry of 
conics in the course of the development of building 
engineering. That use of mathematics has led for instance Le 
Corbusier to his Modulor theory and to his idea of the most 
appropriate space division that he called the 'true' space 
(with this concept of true space he caused a little bit 
confusion) . 

In my lectures I had paid attention to the analogies and 
differences between physical and building engineering use of 
mathematics: both in physics and in building engineering one 
has selection problems; the physicist is lead by postulates 
that are imposed by his empirical insights and by the 
predictions he wants to make; the building engineer on the 
other hand is lead by esthetical and other kinds of postulates 
for his space division. 

Bec ause I had only recently written my syllabus, I was 
rather happy with the material and at the first moment I was a 
little bit disappointed when the student answered me: she had 
learned that mathematics and physics were not as exact nowa
days as they were earlier on. 

I had aimed at giving her an adequate and modern idea of 
exactness and shown her an analogy between a building 
engineering and a physics approach. But that way she lost her 
confidence in the exact sciences, because for the first time 
in her life she heard about the existence of non-Euclidian 
geometry thanks to me. Especially she was shocked by the 
information on the possibility of selecting from various sets 
of a x ioms and especially by the fact that this selection has 
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farreaching consequences: what is right in the context of one 
set can be wrong in the context of another. Addition (the sum 
of the corners of a triangle) leads to 180 degrees or to a 
lower number or to a higher, depending on that selection. She 
had never heard of that before. 

Indeed knowledge of the exact subjects is limited in 
general education, so that they get a dogmatic character in 
that context: for each question usually there is just one cor
rect answer. In searching that answer phantasy is limited: for 
instance to finding a variant on the method that is discussed 
in the textbook. This holds not only for the teaching in 
'pure' mathematics but also for that in 'applied' mathematics 
of physics. So in general education knowledge of mathematics 
and its use have a dogmatic character. 

And now I come to a preciser formulation of my problem: 
didactically it is not easy to defend, that this dogmatic 
character must be eliminated urgently. Exact sciences are ~ot 
a pleasure for all students. The education in making choices 
based on the modern idea of exactness does not guarantee more 
pleasure in learning those subj ects. Besides that the growth 
in exact sciences in the past 23 centuries is the result of 
that 'dogmatic' use of mathematics. The same holds for the 
increase in technological knowledge. And finally I have 
learned from my building engineering student that the modern 
idea of exactness is not easy to grasp. with respect to that 
she is in good company: even geniuses like Gauss have had 
problems with it. 

That is why it seems more relevant to me to try to 
describe this modern idea more precisely here and analyse it 
to come to a well based and shaded decision on the didactics 
of it in technology education. 

2.2. The modern use of mathematics: selecting from formal 
patterns 

To make clear the modern application of mathematics I 
have constructed a means: the concept of formal pattern. A 
formal pattern has two aspects. 3 It is based an the selection 
of a set of axioms or basic equations with accompanying rules 
for deduction. And in the second place it supposes an inter
pretation of that formalism: with euclidian geometry for exam
ple the coordinates are seen in a system of flat surfaces. 
Formal patterns are ways to think in a mathematically exact 
way about reality: they form thinking 'grids' or 'matrices' 
that can lead to different conclusions. 

They can be compared with specticle glasses: some of 
which show the objects larger but more vague, and other 
smaller but sharper. They do not only imply different formal 
ways of thinking but also different ways of working. One 
pattern implies a larger attention for a property of an object 
that is less central in another (a pattern is not yet a 
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theory; and one theory). This way a formal pattern can lead to 
certain kinds of experiments or to a special kind of technolo
gical knowhow (an example is the computer knowledge based on 
non classical systems). 

By means of this concept the difference between the 
classical and modern approach can be described in the 
following way. The classical is based on the assumption that 
there is just one I true I formal pattern. The modern approach 
is more pluriform; it accepts that different formal patterns 
can be tolerated and they can lead to essentially different 
results. And, finally, in the modern approach one theory can 
be based on more than one formal pattern, as we will see. 

In order to corne to my well based and shaded decision on 
the didactics of this topic I will deal with the following 
question: to who do we owe this modern approach? Not yet to 
Janos Bolyai, who as one of the first thought up and published 
a non-euclidian geometry. He had only played up the formal 
game and chosen alternative axioms, from which he could derive 
new theorems. 

with his publication in 1831 he evokes the irritation of 
Gauss. That was not because Gauss had already worked out a 
similar system without pUblishing it. Gauss thought that 
Bolyai had not realised sufficiently the consequences of his 
pUblication: the approach of the use of geometry since 
Euclides was now open for discussion. Implicitely that also 
held - during the developments in physics from Newton to Herz 

for the impressive buildings of classical knowledge of 
nature based on that classical approach: the newtonian mecha
nics, the classical thermodynamics and in a certain sense also 
the theory of electrodynamics. None of these fundamental 
theories required an altenative formal pattern. 

The question about the relation between these theories 
was not solved in the 19th century. But with regard to this 
relation the classical ideal was formulated already in 1814 by 
Laplace in his well known introduction to his Essai philosop
higue sur les probabil i tes: one ought to strive for the one 
formula, from which all knowledge of nature and technology 
could be derived. The probability calculations (the subject of 
Laplace I s book) would become superfluous as soon as that one 
formula would have been found. That way the classical ideal on 
unity of the formal pattern was saved: the pattern of 
probability calculations should be considered - Laplace thinks 
- as a pseudo-pattern which is useful and in a certain sense 
necessary in the imperfect stage of our knowlegde. 

Therefore, Gauss expected a confusing discussion on this 
fundamental question when the al ternat i ve mathematics became 
known. Well known is the anecdote that he climbed a mountain 
to observe if and how the deviating geometry could be 
interpreted and applied. If that was possible, then the 
discussion could be structured, he thought. 
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Ordered by Gauss Bernard Riemann was involved in this 
matter. He formulates the result of his study in his Habilita
tionsschrift On the hypotheses on which geometry is based. Was 
the concept of formal patterns already reached by Riemann? In 
certain sense yes. Axioms according to him could be regarded 
as hypotheses, that could serve as starting points for 
building a system; after an interpretation this system formed 
a hypothetically formulated theory, that could be tested in 
the physical reality. 

With this explanation of Riemanns Habilitationsschrift 
his insight is not much different from Gauss' insight: an 
experimental test would decide implici tely on the truth and 
usability of mathematical systems. But we will see that this 
view is still far behind that of Einstein. 

A first acceptance of a certain kind of pluriformity of 
patterns we find in the pUblications of Poincare (especially 
in his La science et I' hypothese): according to his conven
tionalism the acceptance of euclidian geometry is based on the 
accompanying pattern of the way our human body is structured: 
would our body have been twodimensional, we would probably 
have come to a different choice: to a non-euclidian geometry. 

Generally it is recognized that Einstein with his general 
relativity theory has given the key to the solution and 
frequently his words are cited with which he describes the 
relationship between mathematics and physics for the members 
of the Preusian Academy of Sciences in 1921 (see note 4): 

'As far as mathematical theses are not related to reality , they 
are ce rtain. As far as they are re-lated to reality they are 
uncertain' . 

The meaning of these words is often explained as follows: as 
long as the spherical geometry is just a mathematical con
struction, the system has only a mathematical meaning; and the 
mathematicians usually have different very good means to 
control the formalisms; in this sense, the theses of a 
mathematical formal ism are certain. But in its 'pure' 
mathematical context the relation between the physical reality 
and the theses (axiomas and theorems) of the spherical gemetry 
are still unclear. The confirmation of the general relativity 
theory implies the usability and the value of the spherical 
pattern in the context of physics. In this explanation 
Einstein's insights, however, don't differ from that of Gauss 
and Riemann. 

In fact the result of the general relativity theory is 
more shaded: in principle the space that is related to matter 
has a spherical character, but this is only the case as far as 
matter is distributed equally in the ideal case: 

'From calculations it follows that the world in an equal 
distribution of matter would necessarily have to be sperical or 
elliptical. But because in reality matter is distributed 
unequally , the real world will deviate from spherical behaviour 
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Later developments in physics lead to other examples of 
theories based on the combination of different formal 
patterns. Bohr's atom model of 1913 describes the stady motion 
of electrons in a classical way: with ell ips tracks; and it 
contains the ('modern') quantum concept to describe the change 
of energy level of electrons too. The quantum mechanics form 
another example of a theorie with different formal patterns: 
the wave pattern and the particle pattern (see Mehra & 
Rechenberg [1982J, pp. 155-259). 

The util i ty of my formal pattern concept becomes clear 
here. Many philosophers of science (especially the 
neoposi tivists and Popper scholars) believe that every 
interpretation of a formalism is a theory. The mentioned 
examples show that the scientific activity is much more 
sophisticated: theories often result from phantastic com
binations of different veins. 

Everybody who knows the modern developments of 
mathematics and physics will agree with this. And yet, there 
is a problem and in particular our interest in the didactics 
of technology forces us to pay attention to it: how to decide 
about the different formal patterns. 

2.3. The instrumental description of exactness 
Comparing attentively Einsten's quoted words with the 

impression of my building engineering student we have to 
conclude that she was in a certain sense right: she had got 
the impression that the application of mathematics nowadays is 
not as exact as it was earlier on. since Einstein this 
application has got a certain 'randomnes' indeed. 

I have already concessed too, that this building enginee
ring student was in good company with her problem to under
stand the concept of formal pattern. Gauss had problems with 
it too, because he saw the base of classical mathematics 
threatened by it. The theory of general relativity implied a 
new 'modern' base for the use of mathematical formalisms. 

Are all problems with respect to that base solved since 
Einstein? Not for Laplace's ideal. It is difficult to prove 
that this ideal is wrong, because it is based on the philosop
hical assumption of the unity of nature. It only appears that 
the ideal is more difficult to be realised: the decisions 
about the different formal patterns form a new problem. 
However, high energy physics tries to realise the ideal and 
laborates on the one theory, by which all phenomena can be 
explained: in particular the gravitational phenomena, the 
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electromagnetic pheneomena, the phenomena of the weak nuclear 
forces and those of the strong nuclear forces. To clarify the 
aim of their discipline high energy physicists (like the 
Dutchman 't Hooft) still. use - as Laplace did - the expression 
of the one formula from which everything can be derived. 
Perhaps, someone is inclined to say that no definitive 
decision about the selection of formal patterns can be made as 
long as the task of this kind of physics is not yet 
accomplished. 

Here we meet our forementioned didactical problem in a 
new form: if the modern concept of the application of 
mathematical formalism (conneceted with the decisions about 
the patterns) cannot be separated from fundamental matters in 
mathematics and physics, than it should be delibered to leave 
that discussion away and stick to the 'doamatic' approach of 
mathematics in technology education. You will understand my 
problem: an engineer should have in my opinion a well 
based and shaded insight in de modern ways of the application 
of mathematics. But if this modern insight only can be ex
planed by dealing with fundamental things than the dealing 
with this subject does not fit into a technology education. 

In Einstein's pUblications we find a hint for the soluti
on. Discussing the question in what contexts the theory of 
general relativity becomes relevant and has to be applied he 
says: 

, [ . . ) it is imaginably that our world does not differ muc h 
from the euclidian one. Th i s ide a is obvious b ecause it appears 
from ca l c ulati ons that even the masses o f the sun's proportion 
would on-l y influence the metric o f the surrounding space mini
mally' (Einste i n , [ 191 7 ], § 32) . 

This influence is so minimal that newtonian mechanics and 
euclidian geometry can serve like they did b e fore as 
trustworthy guides and therefore can be regarded as suffi
ciently exact for astronomical observations. They are there
fore also sufficiently exact for the knowledge we need to 
determine the track of space craft. 

That way Einstein has laid a foundation for the analysis 
of the (theoretical and technological) relevance of formal 
patterns and theories. The selection does not depend on a 
completely random choise of the invidivual s c ientists or 
engineers. The select i on is based on the comparison between: 
(1) the properties that are discussed in a theory or are 

inhaerent to a patern, 
(2) the properties of the objects of our analysis and 
(3) the theoretical or technological aim we are looking for. 
The comparison of these three factors leads to the conclusion 
that the general relativity theory is not relevant for the 
calculation of space craft tracks. In this context a pattern 
(and, therefore, also a formalism) becomes an instrument to 
achieve the exactness which is prescibed by our obj ects and 
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our aims. 
What is exactness? How can exactness be described? The 

answers of these questions depend on the result of the 
comparison of these three factors. The answers depend on our 
obj ects and on our aims. In this sense, there is a certain 
'ramdomness', as my building engineering student concluded. 

About the method for choosing veins I will make some 
further remarks later on in § 4. Here we have just scetched, 
how that method can be separated from foundational matters for 
the sake of the relation with technology: by concentration on 
the three factors. 

This instrumental approach can be deduced from Einstein's 
works. It fits the modern replacement of the value of truth 
analysis of theories by the value of prediction analysis too: 
the decisions about the application of theories are based on 
their predictive value. The predictive value is restricted to 
the relevant information about the phenomena. 

The philosophical analysis of the true values of formal 
patterns and theories, on the contrary, is less pragmatic: it 
leads to questions about the possibility to apply theories on 
exceptional cases. Then one inevitably gets into foundational 
matters. The following paragraph will explain this in detail. 

§ 3. The criterium of the exactness in using physical laws and 
theories: predictive value versus truth value 

The instrumental attitude is widely spread among 
technologists and physicists. Even those who are doing 
research in foundational matters usually prefer the classical 
insights when the modern insights do not yield relevant 
deviations. 

contrary to this, philosophers of science like Car nap and 
Popper have analysed theories by means of the truth value. The 
preference to this method can be understood easely: truth 
value is a logical concept and logic is part of the philosophy 
education. In particular Popper believed that science is 
connected with the quest for certainty and absolute truth. In 
accordance with this belief he accepted that laws and theories 
are connected with the claim of that absolute truth : we should 
not accept exceptions or situations in which our laws or theo
ries are false. But we can never overlook all possible situa
tions. Therefore, all our laws and theories have a provisonal 
formulation: their truth cannot be prooved. They have to be 
tested again and again: step by step the highest truth will be 
achieved (see Popper [1 969-a]). A falsification has to be 
estimated Popper things as a lucky circumstance which 
leads to an improvement of our insights. 
. Therefore, Popper wanted to show that Galileo's and Kep
ler's laws have been disproved ('falsified') by Newton's 
mechanics: from this a more exact form of those laws could be 
derived; a better theory implies the falsification of its 
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predecessor (see Popper [1957J). In this view the falsi
fication is the driving force in science: the falsification of 
a theory leads to - Popper expects - the search for a theory 
with a higher truth value! This expectation, however, is not 
based on a strict logical analysis (like some of Popper's 
supporters think). In fact it is a psychological hypothesis. 
In this context the deqree of exactness and the degree of 
truth become eguivalent concepts. 

The instrumentalistic analysis at the contrary asks for 
the predictive value of laws and theories with regard to 
concrete situations. In accordance with this contemporary bal
listics is still based on Galileo's laws rather than on 
Newton's mechanics (this means: the popperian 'falsification' 
does not have any influence on this practical context). The 
reason is obvious: with respect to the phenomena that is 
looked for the classical mechanics do not yield a more exact 
predictive value. Therefore ballistics is content with Galileo 
(see the appendix of this paragraph). A more exact predictive 
value can be reached not by looking for more fundamental 
theories (as Popper scholars wish) but, primarily, by concen
trating on expirical-technological data about disturbing 
factors like motions and nature of atmospheric layers, the 
specific forms and other properties of the ballistic objects 
and so on. Neither the relativistic mechanics nor the quantum 
mechanics does help to achieve the ballistic aim in a more 
exact way: the application of these more fundamental theories 
would cause an over-complexity of the ballistic computer 
program; the attention for the important disturbing factors 
would be diminished. Therefore, the application of these 
modern mechanics in this technology would be wrong! And for 
sure it would not guarantee a higher degree of exactness with 
regard to the relevant predictions. 

Popper has been attacted by some colleague philosophers. 
Kuhn and Feyerabend have pointed out that there is neither one 
theoretical background nor one formalism in which both kinds 
of mechanics, the classical and the modern mechanics, can be 
discussed or formulated. This means that it is metho
dologically impossible to show that one is more truth than the 
other or that one contradicts the other (a contradiction is a 
conjunction of two propositions from which one is the exact 
negation of the other; this presupposes that we have one 
formal language in which the properties of both theories can 
be formulated). 

From this it becomes clear that the truth value analysis 
and the discussion about popper ian ism lead to a concentration 
on foundational matters without any technolog ical relevance: 
the theoretical background, the formalism and the basic 
insight which make it possible to compare the truth of all 
theories. 

With the instrumental method this discussion can be 
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avoided. Einstein applies this method when presenting his 
relativistic mechanics which is related to velocities, that 
approximate the light's speed . 

• Such fast motions can only be observed in experiments with 
electrons and ions; with other motions the deviations are too 
small to be observed in prac tice' (Eins tein. [1917]. § 15). 

With objects that do not reach such high velocities, classical 
mechanics can be applied. This is the (instrumental) argument 
for the limitations I have mentioned in the beginning of my 
paper: for building engineers and mechanical engineers 
relativistic mechanics is not relevant. 

A higher level of pragmatic exactness can be attained 
(and is required) in technology - as we have seen already - by 
concentrating on those factors that have a more emperical
technolog ical character. Ball istics form a clear example of 
this methodology of engineering. 

How did Einstein come to his abovequoted judgement about 
the domain where his relativistic mechanics has to be applied 
and where that is not the case? The answer of this question 
will clarify the difference between the truth value analysis 
and the predictive value analysis. Einstein's decision is 
based on the relativistic mass concept: , 

m = mo 
J{l - (v/c)2) 

Few knowledge of the relativistic mechanics is required to 
understand that the difference between m and mo is irrelevant 
as long as the difference between c (light velocity) and v 
(velocity of the moving body) is great. From this we can 
easely decide about the domain of the applicability of this 
kind of mechanics and compare it with objects on which 
classical mechanics can be applied: no airplane, no 
construction of mechanical engineering wil ever have such a 
high v. 

The truth value analysis, at the contrary, requires a 
language (formalism) in which both, the variable relativistic 
mass concept and the constant classical mass concept, can be 
defined and compared with eachother. Starting from their 
instumental way of thinking physicists and technologists do 
not understand this quest for the absolute unity of the 
scientif formalisms. They object: an absolute (philosophical) 
concept of mass does not exist. 

§ 4. Design methodology and the exactness in the different 
technological discipines 
4.1. The instrumental selection method 

Let us return to my building engineering student. with 
her problems to understand the first discussions on formal 
patterns she was as we have seen in good company: in 
Gauss' company. But she did not belong in that company and did 
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not even wish to belong in it. The reason was clear and 
appropriate for her situation: she was not interested in 
methodological aspects of foundational physical or mathe
matical research but in building engineering. And - we have to 
conceed - she was right! 

She only was wrong in her idea that the results of the 
exact or technological scientific analysis have become 
entirely random, because of the possibility of selecting from 
different formal patterns. This choice is well based on 
'objective' data: the character of the formal patterns, the 
properties of our objects and the predictive value. And, 
finally, the required predictive value depends on our 
theoretical or technological aims. The dependence on our aims 
justifies the instrumental ('pragmatic') method. The method 
for those choices can be developed without being involved in 
foundational matters: 

by explaining the results of the application with simple 
examples, 
by also showing the technological relevance or irrelevan
ce of those results and next ... 
by indicating how other kinds of knowledge can be gat
hered to reach the desired predictive value. 

The fundamental idea of this method can be deduced - as I have 
explaned before - from Einstein's analysis of the fields in 
which his theories of special and of general relativity have 
to be appl ied and of the fields where this is not the case. 
But teaching technology (for instance to building engineer 
students) we should not deal to much with these fundamental 
theories; some remarks will be enough to make clear that in
strumental ism also fits in the context of 'pure' science; we 
should pay more attention to the simple examples. 

It is for instance not difficult to show that the authors 
who in the Twenties and Thirties defended the usability of the 
general theory of relativity and of the spherical geometry in 
building engineering were wrong. The application of this 
theory and this geometry only makes sense if the engineer is 
dealing with extreme high velocities or distances that never 
are part of the practice of building design or construction. 

By sketching in a similar way how in various technolo
gical disciplines exactness is reached, the student acquires 
an survey into the various approaches in these disciplines. 
That way the student learns to localise the various techno
logical disciplines and her/his own discipline. Intuitively 
s/he learns how various technologies are related. This will be 
a good orientation on industrial practice where various tech
nological disciplines are combined in order to get results. In 
this sense design methodological analyses mean a 'treatment' 
of the second and third kinds of estrangement I mentioned at 
the beginning of my paper. 
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4.2. The instrumental selection method in the context of de
sign methodology 

To give a better insight of the relevance of my 
conclusions, I have to say something about design methodology 
as it is developed by my group at the Eindhoven University. In 
design methodology we try to realise the following three aims. 
(1) We try to clarify how mathematics and scientific know-

ledge of nature is used in the context of technology and 
how this scientif ic knowledge has to be combined with 
empirical-technological insights in order to achieve the 
exact predictive knowledge which is required in the 
different fields of technology. In this context the 
method of selecting from veins is important. 

(2) The second aim is to develop a method to make an inven
tory of the well based set of design requirements in con
crete situations of the different fields of technology. 
We try to develop a method for this problem together with 
people from other departments. 

(3) The third aim is to develop a method of variation of the 
requirements. The method has to show how to come to a 
construction that fulfills the more important re
quirements optimally. We hope to deduce this method from 
analyses of historical changes of designs. Therefore, 
Marc de Vries and I have analysed the history of the pick 
up tube designs and showed how the Plumbicon became after 
a long tradition of searching the final optimal 
combination of scientific-technological · requirements, 
market requirements and other societal requirements. 

This list clarifies that my paper contributes to the first 
field of research in design methodology. 

4.3. similarities between the dogmatic view, the modern 
application concept and the instrumental method 

As I have mentioned before the instrumental method of 
selecting veins and theories can be deduced from Einstein I s 
works. This method has a similarity with the dogmatic use of 
mathematics: the decisive criterium is the result, the 
predictive value. 

This similarity has an advantage for the didactics; when 
studying the instrumental method the students do not have to 
learn a way of thinking which is completely strange to that of 
their general education where the result usually had a 
decisive function too. 

This similarity fails, on the contrary, in the context of 
the philosophy of science dealing with the truth value of 
formal patterns and theories. students in technology will get 
into problems if they have to compare different degrees of 
truth. Therefore, a method of selection based on truth values 
will not easely fit into a technology education. 

The instrumental method fits very well. It does not only 
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have a similarity with the 'dogmatic' way of thinking about 
mathematics but also with the general way of thinking in the 
context of techology: formal patterns and theories are 
considered as instruments. A techno log ist applying a pattern 
or a theory reacts like a carpenter who has different hammers 
in his toolbox. The selection of a hammer is based on a 
comparison between factors which have a great similarity with 
the factors mentioned above (in 2.3): the properties of the 
hammer, the properties of the nail and the properties of the 
wood or of the wall. The decisive criterium is the aimed 
result as it is in the context of selections based on 
predictive values. 

4.4. Central theses of this paper 
Technology education requires the demarcation of fundational 
matters from the modern concept of the (technological) 
application of formalisms and theories. This demarcation can 
be realised by concentrating on the essential aspects of the 
instrumental method of selection of formalisms and theories. 
These aspects of the method can be derived from Einstein's 
works. However, in education more attention should be paid at 
the explanation of the method with simple examples. Less 
attention has to be spended to the context in which the method 
has been 'born'. 
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Library Summary 

Description, trends, views and selected examples of development-oriented 
general education across all age groups and professions, consequences of the 
development-relations between the workforce , the educational levels and the 

interaction of educational institutions, industries, the agricultural area, the private 
sector and communities ; results from educational and industrial research . 

Upon reading the conference's overall theme, several simple things come to mind 
immediately. Field trips to enterprises, projects to attract women and minorities 
to technical occupations, and the entire complex of vocational decision-making 
are among these. Also the development of new curricula for schools and teacher 
education for technology subjects and life preparation present interesting 
approaches. Yet , after considering the myriad of such obvious possibilities for 
the topic of the Technology-Education Interface one is left hanging. There must 
be something more. 

What are the fundamental principles that guide such choices? Where are they to 
be found? Why do we need to concern ourselves about them? What are the key 
points to evaluate interface activities? To answer such questions one notices 
that allover the world it is acknowledged that the Human-Technology-Nature
Social relationships are the focus of all thinking for developing the human 
resources. Because our focus is on industry and also general views we think that 
there is an advantage in extending our approach to new populations, the work of 
PATT-group. 

To this end, experiments from Sweden are known that test comprehensive 
overview courses for technology that subsume the individual disciplines of 
physics, biology, mathematics and chemistry. These latter subjects were pulled 
back, i.e ., they left calls for their individual approaches and concepts behind, in 
favor of a more overarching global approach . This represents a courageous 
paradigm shift -- that suits today's times and is future oriented. 

The Baltic Sea project of UNESCO's (INISTE, FINISTE) brings students , 
teachers, politicians and private sector representatives together through project 
weeks or year-long projects. Frequently the domains involved are : water, earth, 
air, nutrition, social policies, and the leisure activities. 

But we wanted to bring to you more than just a collection of examples -- we 
looked for the rules/principles that governed the interaction of school and 
industry. 

All learning involves the overcoming of barriers. Therefore , the role of education 
is to frame situations that help people develop abilities to overcome barriers. 
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Purpose of Paper/Presentation 

to make intelligible the complexity of technology 

to reflect the conference theme of links between industry and 
schools 

to interpret trends for school and industry linkages 

to make it clear that we cannot consider the schools as the only 
learning site 

to present the foundations of a theory leading to systematization of the 
industry/education interface 

After considering the myriad of such obvious possibilit ies for the conduct of the 
Technology-Industry-Schooi interface, one is left hanging. There must be 
something more ... Where are the fundamenta l principles that guide such 
choices? What are the roots of such behavior? What are the key points to 
evaluate special activities? It will be acknowledged, that the human-technology 
interactions are the focus of development thinking. Technology is acknowledged 
around the world. 

The example of Icarus points out an important concept. Not that we consider the 
school as an exile or a prison. Instead, he was forced to learn to survive -- and to 
translate his wish for freedom into activities to keep busy. His vision of a 
palatable future, given the example of the freedom of birds flying over him, 
triggered his modeling of their wings in the hope of flight and escape. 
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Figure 1. Icarus--early technologist 
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This example's lesson for today's situation is shown in Figure 2. When we asked 
for an answer, then we need to be prepared to evaluate it also. He built wings 
and attempted to escape. The conclusion is known. 
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Figure 2. The technology cycle 

Problematic situation (thought initiator) ¢ 

Overcoming thought barriers ¢ 

Imagining a vision of a possible solution ¢ 

Model development ¢ 
(resolution of contradictions) 

Development of approach strategies ¢ 

Development of time and activity plan ¢ 

Execution of the plan ¢ 

Evaluation of the results ¢ 

New situation/problematic situation ¢ 

The technology cycle is important today. The example from the fable shows us 
today, as it did in the past, the relationship between the tangible world, our 
mental concepts of it, the initiating value of our concepts/visions, and the power 
of translating our ideas into practice via a systematic strategy. In further figures 
we depict the same concepts albeit with the addition of time and economics as a 
factor. 
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Figure 3. Routes for technological thinking 
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But this example also shows us which barriers we experience in our thought 
processes and how difficult it is to negotiate them properly--in both the near term 
and long term. The problematic situation was the starting point/initiator for all 
activities. Icarus had no concept relating the warmth of the sun to one's height 
(i.e ., closeness to it). This drives home an important principle--i.e ., to properly 
judge a situation, technological or not, one must be cognizant of all aspects of it. 

But we don't need to return to Icarus to recognize the lesson of this example. 
Consider the many calamities and problems we experience seemingly daily: the 
Tacoma Narrows Bridge collapsed in 1940; similarly, dam disasters, the garbage 
avalanche, chemical catastrophes (Bohpal) , rocket explosions, Chernobyl, the 
high-rise living silos called apartments, hormone scandals in our food chain, and 
airplane crashes with a frequency that we have almost become accustomed to 
them. The world experiences a new Icarus daily! New, however, is that today 
the consequence of such failures affect all of us, not just a single 
protagonist. Due to the pervasiveness and power of technology, the 
consequences are felt by all humanity. 

But the interesting part of Icarus is that he died--i.e., he failed. Therefore he must 
have done something wrong. This pattern of error is repeated countless times. 

All mistaken developments (e .g., DDT) and operational mistakes (e.g., 
Chernobyl) are rooted in thought mistakes. The latter are the lowest common 
denominator of all problems. A second frequent cause of such behavior 
typically involves the insufficient consideration of the complexity of the systems 
and interrelationships involved, and their hierarchical structures. The conclusion 
is that the development of systems things and the consideration of hierarchical 
structures represent an unsolved pedagogical problem. 



- 69 -
Figure 4. Failed technological reasoning 
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Figure 5. Systems hierarchy 
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What can we conclude from these examples other than that we make mistakes 
daily? We need to look more seriously because mistakes are more serious and 
affect more people today. The most frequent mistakes are that we do not think 
enough about the future impacts of current decisions/actions. Also, we think only 
about the system that houses the object of our decisions/actions. Too little 
attention is paid to the system's link to supra- and sUb-systems. 

This new dimension, namely that all are impacted, engenders pedagogic 
consequences, that the resolution of problematic situations necessarily requires 
the overcoming of thought barriers. To establi sh this power requires a flexibil ity 
of approach, and wideness of scope that cannot be accomplished solely in the 
school -- it necessarily requires the active involvement of the whole environment 
housing our learning institutions. 

Returning to the example of Icarus, it becomes clear that between each of the 
various problem-solving steps, unsurmounted or inappropriately surmounted 
barriers exist. Ultimately this causes a failure of the flawed solution. Therefore, 
schools must proceed differently than they have in the past. In short, they must 
provide new learning situations as well as new content. 

Figure 6. The challenge of industry/education links 

The creation of Situations, through which learners 
overcome their thought barriers, and acquire an ability 
to interpret the world's complex systems, is the most 

urgent demand of our society's future! 

In our view, we also see that the proper overcoming of barriers requires an 
understanding of and capabilities with ideas, materials, tools , processes, and 
energy. In sort, this is the definition of technological literacy. 

Figure 7. Technological literacy 

Technological literacy is the ability to properly 
overcome barriers by the application of an 

understanding of and capability with, ideas, materials, 
tools, processes and energy. 
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Technology is not a discipline that has only one task. Technology is a discipline 
that helps in the overcoming of barriers by producing the man-made world. Key 
theoretical positions: 

• The technology as discipline to overcome barriers 
• The relationship between barriers and situations 

Now, what are the consequences of these two theoretical positions? What do we 
see when we canvas the situations wherein we learn? 

• Space training stations 
• Auto driving simulators 
• Table top factories 
• Schools 

- classrooms 
- workshops 

Obviously, many things are already occurring. What is missing, however, is the 
development of systems thinking in schools. The interface of schools with 
industry offers rich potential for ameliorating this situation . 

Actually, we could stop at this point. 

• The school's task is to educate 

• To be able to learn, one must be able to overcome barriers 

• The overcoming of barriers Is linked to situations 

• Because the environment is so complex today, schools cannot help 

students - learn to overcome the barriers they will encounter in the real 

world merely by using the abstracted simplified and safer environment 

created by and in schools. 

• • • 

However, we don't just want to describe the situation and its theory -- instead, we 
wish to help. For example, the key competency vectors that define technological 
literacy represent arrays of capabilities and understandings that help people 
overcome barriers. 
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Figure 8. Competency vectors defining technological literacy 

1. Teamwork abilities to work in collaboration, able to make 
compromises, recognize social responsibility. 

2. Understanding the balance between specialized practical 
knowledge and skills and system-oriented knowledge and 
overall views both with respect to the Human-Technology 
interface. 

3. Capabilities to evaluate technological tasks/ activities, to 
frame decisions and to implement the process of problem
solving/Innovation. 

4. Capabilities for analytical thinking and for formulating 
technical and technological needs/aims. 

5. Able to overcome barriers in strategy-oriented problem
solvinglinnovatlon processes by mastering the related 
information-masses through information interpretation, 
structuring, elimination, acquisition, reduction, combination 
and evaluation. 

6. Adaptability for life-long learning and for connecting and 
reconciling technological, ecological, commercial and social 
demands. 

7. Able to think with systems concepts and in hierarchical 
structures. 

8. Able to think in terms of trends and future goals and to 
integrate future developments into today's decision. 

Similarly, the overview of technology as presented by the modular concept of 
technology is another key help. The combined model is shown in Figure 9. 

• Technological processes, objects 
• Technological processes, objects, and interaction sites 
• Human-Technological interface constructs 
• Problem solving/Innovation 
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This can be used to: 
• Consider possibilities systematically 
• Assess situation 
• Engender systems thinking 
• Generate new possibilities 
• Structure/catalog data banks of understandings/capabilities 
• etc. 

When we go out of school to use situations from the environment, to be 
didactically sound, we need a set of understandings that help us use the 
dimensions of reality to help students learn to overcome barriers. Typically, we 
believe that students reach into a "modular tool box" of technological processes, 
i.e., routinized ways of interacting with technology, as shown in Figure 10. Note 
that each tool can itself be taught, practiced and enhanced in both school and 
real situations. Furthermore, taken separately each tool can be analyzed and 
developed to enable more effective instruction, e.g.: 

• Trend Analyses 
• System Analyses 
• Need Aim integration 
• Contradictions 
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Fiqure 10. The modular tool box 

1. Problematic situation 

2. Envisioning possible solut ions 

3. Model development 

4. Development of approach strategies 

5. Development of time and activity ~:Ia:n,,:;~~f~~;~~~ 
6. Execution of the plan 

7. Evaluation of the results 

Blan dowJ()yTonfu rwH II , 1991 

Subsequently , both students and people inhabiting the "other real worlds" then 
frequently need to use the process of technological assessment. As shown in 
Figure 11 , this involves consideration of a wide range of factors, the 
consideration of which should prevent the problems previously high lighted , 



Figure 11. Technology assessment 
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Finally, we present the key part of our theory that integrates the problem solving 
process, with the overcoming of barriers and the modular tools needed in the 
varying situations of real life . This all is depicted in Figure 12, entitled Model to 
identify strategies in real situations. 
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Conclusion 

It should be obvious that we could simply go on and on about the systematization 
and processes that are absolutely mandatory if we are to accomplish the 
cha llenging educational targets dictated by society seriously concerned about its 
future and/or even survival. The long-range perspective clearly calls for a 
changing of the paradigms prescribing the roles of teachers as well as schools. 
The foundations of the theory we present are intended to enable this shift 
towards increased integration of learning sites according to the complexity of the 
environment as a whole. 
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CPRPORATE PERSPECTIVE ON TECHNOLOGICAL LITERACY 

Dr. J.L. Barnes, Eastern Michigan University 
United States of America 

The increasing shifts in trends of the global economy have caused great alarm of late as to 

what is needed to become or stay internationally competitive. The formation of the Economic 

European Community, the decline of the U. S. banking and manufacturing institutions, the 

tumbling of the Berlin Wall, the climate in the Mideast, and the developing nations on the rise 

within the global marketplace present a cloudy future for the global economy. Central to all this 

is the dominant role in which technology plays in demystifying this uncertainty. Confounded in 

this is the interrelationship of cooperativeness of business, industry and labour with respect to the 

implications of technological change and the level of technological literacy needed to effectively 

deal with this change. 

The knowledge and technology explosion and its exponential growth place nations in a 

precarious situation with respect as to how best to manage these key economical and societal 

variables. This informational dilemma forces nations to seek new ways in which to manage 

information and technology; through its acquisition, manipulation, and wise and safe application. 

Magazine suggested that "Today labor is no longer a commodity. Work is being 

transformed by technology - technology invented by people, of course - and by fundamental 

changes in the structure and operation of our economy. The new emphasis is on brain-power-

individuals have to solve problems, make decisions and analyze data in a hotly contested 

international marketplace" (Magazine, January 19, 1989). In order for corporations to function 

in this manner, the workforce must be literate in the knowing where the information resides, 

knowing how to access "good" information, and how to manage it to their competitive 

advantage. This will require an additional literacy - technological - one in the application of the 

technology which controls this paradigm. 

IThis paper is based on the author's ongoing work in problem solving and technology 
t r ansfer. 
©This document is protected by international copyright provisions. Academic users 
are hereby granted permission for non-commercial use with reasonable citation and 
notification. For other uses, contact the author directly. 
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The nature of this paradigm, itself, nested with projected workforce trends will require 

extensive and different education of the future workforce and retraining for the existing 

workforce. Work in the future will demand higher levels of literacy. The workforce 

composition, itself, will change dramatically in the future. Technological advance will create 

many new problems to solve. As we enter into the 21 st Century and proceed through its first 

decade, essentially a work will be new. 

The resources of the information age do not come from the ground as with the industrial 

age, instead they come the mind. Today, positioning and power in the global economy is based 

on the power of ideas and information. The skills defined by the industrial age were defined by 

the ability to memorize. Today, the skills needed are defined by the ability to think, analyze 

problem, make decisions, and access, manage and control information. 

Technology has caused the world to shrink and infonnation networks have linked the 

global economy. With this influences on the the global economy have become very complex. 

Corporate power and competitive shifts in manufacturing and other technologies through the 

advance of technology and its transfer have further complicated the global market. What is 

appropriate technology for one nation or culture may be suitable for another. What guarantee 

does any nation have to remain competitive in the global marketplace? Will the so-called 

advanced post-industrial or cybernetic nations become the developing nations of technology of 

the 21 st century? One factor, however, may hold true; global market positioning or supremency 

will be based on the nation with the best technologically literate workforce. 

In order for corporations to gain and sustain a competitive edge they must have a 

workforce which can function around four components (a) speed, (b) innovation, (c) diversity, 

and (d) information. This places emphasis on corporations to analyze the future workforce skills 

needed and and the work people will work. The true focus, then, is not on the product, but the 

people who produce the product. 

This concept is supported by Goor (October 19, 1988), the President of Cooper Tire and 

Rubber Company, when he outlined his "formula for the future" for an individual or corporation. 

®JLB / Corporate Perspec t ive on technological Literacy 
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He suggested that the individual or corporation must possess (a) logic, (b) emotion, and 

character. Logic is the basis for scientific thought and investigation. Emotion is heart, 

compassion, understanding, and empathy. Character is the balancing factor between logic and 

emotion. 

The resultant of this is what John Young (September 28, 1988), President and CEO of 

Hewlett-Packard, identifies as the ability to commercialize technology, not just come up the the 

scientific breakthroughs, technology developments or innovative products. Simply, this means to 

use technology available to capture the market that generate major returns on U.S. innovations. 

In order for the corporation to use the available technology to their best advantage, the 

workforce must be literate in the application of that technology. This is in light of the fact that 

technology transfers have shifted drastically in the last quarter of a century. During that time over 

32,000 technology agreements have been signed over to Japanese firms. In 1970 the United 

States controUed 100 percent of the domestic consumer electronics market; today the U.S. only 

control five percent of that market. The United States pioneered semiconductor technology; yet 

today only control 30 percent of that market. Twenty years ago 16 percent of the patents issued 

by the U.S. Patent Office were foreign; today more that 40 percent of the patents issued by that 

office are foreign (young, September, 28, 1988 & Sculley, February 2, 1989). 

The question remains: "Will the workforce be prepared to meet the challenges brought on 

by the increasing complexity of the global economy?" If the answer will be yes, then the future 

workforce will be able to operate through a concept called "thinking in technology." This is one 

in which the workforce will be able to arrive a decisions through an understanding and 

application of technology via communication, problem solving, teamwork/group work, critical 

and creative thinking skills. In order for this to occur, the workforce will have a capability at 

skills, tasks, and jobs that go beyond the current skills, will be used to learning and capable of 

additional learning/training, and will be flexible and adaptable. 

©JLB/Corporate Perspective on technological Literacy 
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Workforce Trends 

The work world of tomorrow will be vast! y different that what is known today. It will 

require the future workforce to be more flexible and adaptable., with the ability to think: more 

creative and critically to solve problems. This is due to the rapidly changing knowledge and 

technology base. At present knowledge and technology double every two and a half years. This 

means that 90 percent of the information available to the workforce in 2007 has yet to be created 

(Hallett, 1987, p. 48). The dominant force to this change is exponential advance of technology. 

Logically then, the way in which the future workforce is trained and retrained must be consistent 

with an everchanging world. 

Many projections have been made regarding the future workplace, of which the literature 

supports some contradiction and a sense of uncertainty as to the future workforce. There is also 

some disagreement as to what one will need in order to function successfully as a worker in 

tomorrow's world. Even though, with the literature supporting some contradiction and 

uncertainty about the future workforce, the literature (Hudson Institute, 1987; Hallett, 1987; 

Levitan, 1987; AFL-CIO Corrunittee on the Evolution of Work, 1983; National Alliance of 

Business, 1986; and Cetron, Rocha, and Luckins, 1988) strongly agrees on key trends and 

demographics in order to produce a future technologically literate workforce. Among these are: 

The increasingly complex workplace will demand higher levels of literacy. Most jobs 

will require a lOth to 12th grade reading level for work related materials. Where today 40 

percent of the jobs require specialized skills, 40 percent of the jobs created in the 1990's will 

require moderate to high skills. The impact of automation will continue to affect the 

workforce, but for every one robot there will still be more than 400 people in the workforce. 

The workforce itself will change dramatically in the future. The workforce of the future 

will be older, more female, more Black, and more Hispanic. By 2025, the United States 

population will consist of 235 elderly for every 100 middle-aged citizen. Workers aged 35-

47 and 48-53 will increase to 38 percent and 67 percent, respectively, by 2000. Conversely, 

workers aged 16-24 and 25-29 will decline by 8 percent and 13 percent, respectively. 
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Women will constitute 67 percent of all new workers between now and 2000. By 2000, more 

than 15 percent of the total workforce will be Black or Hispanic. 

• The advance of technology will create many new problems to solve. With the 

advancement of the information age, the abuse of stored and transmitted information will 

become a global problem. Advances in chemical, biological, biotechnical, and medical 

research will create numerous social, ethical, and moral issues with which to resolve. Expert 

systems and superconductors will also playa major role by 2000. 

Essentially all work in the year 2007 will be new. Forecasters and demographers indicate 

increases in computer, electronic, service, and health care related jobs. However, projections 

do not take into account jobs created by new and emerging technologies. Also, the content 

and character of jobs will significantly change. 

Changing trends in education and training will occur by 2000. The need to retrain will 

continue to escalate toward and into the 21st century. Schools will have to educate both 

children and adults. Corporations will playa more significant role in training and education. 

It is predicted that one-half of all funding for formal training will come from 2()()-3()() large 

corporations, but that most new jobs will be generated by small businesses that cannot afford 

training. New technologies will greatly affect the way in which one is educated and trained. 

The ability to access, manage, and control information will be paramount the success of 

corporations involved with these advanced technologies in the future global market. The labor, 

capital, equipment, and materials do not change. What does change, however, is the flow of 

information. This is the one common component to any innovation. Ehrlich, Vice-President and 

Economic Analysist for the Unisys Corporation suggests that now and in the future the ability for 

one to monitor computer screens and understand abstractly what is going on the screen will be 

the way one works. It is the ability to understand abstract data and to be able to communicate it 

to others. 

A foreman can stand behind a worker on an assembly line and make sure that person drops 

a 53 pound bucket seat into the chaises of a Ford Thunderbird every 24 seconds. But what do you 
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do when that foreman has to supervise a worker who is looking at a display, at a CTR, to oversee 

a process depicted by a computer? How do you supervise thought (Ehrlich, June 14, 1989)? 

However, translating this type of philosophy into the corporate world means breaking 

many years of tradition. The corporate world has been traditionally labor-intensive, product

oriented; not mind-intensive, process oriented. 

Workforce Overview 

For over 200 years the work ethic was based on working for someone else, with 

accomplishment measured by someone else's standards. Work was done primarily through a 

centralized system. More than not, work emphasized the physical not the mind. Workers were 

trained for specific skills to perform repetitive work. Not until recent years did workers begin to 

switch jobs at a frequent rate. 

Authority was based on position with decision-making done close to the top of the 

organization. Employee contributions were defmed and limited by the job. Information was 

tightly controlled by management. Any reward was individual and status was based on parking, 

dining, and other perks. 

The future workplace will be primarily decentralized. Entrepreneurs and intrapreneurs 

will be key figures in the corporate structure. Working with the mind will replace working with 

the body. Mass and energy will be replaced by information and knowledge. Accomplishments 

will be measured by the individual worker's standards of self-satisfaction. "Already, one of five 

people switches jobs each year, one of 10 switches careers, and 33 percent of all jobs today and 

tomorrow will be obsolete by 1992" (Hallett, 1987, p. 15). The workplace of today and 

tomorrow will be built on the team concept, with group work, quality circles, task forces, and on 

and on. 

Authority will be based on knowledge, with decision-making located close to the action. 

Employee contributions will be expanded through training and skill development Unlike the 

traditional corporate world, information will be openly shared. Power of an individual or 
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organization will be based on those who have access to and control over infonnation and 

knowledge. The concept that "bigger is better" will not apply any longer. Success or failure of 

an individual or organization in the global economy will, therefore, depend on the degree to 

which infonnation and knowledge can be embedded. 

Ashburn (1986), in the National Research Council study, summarized new trends for the 

automated workforce: 

to define jobs more broadly to include more interrelated tasks; 

to create more flexibility in work assignments; 

to delegate more discretion to lower levels of the organization, where infonnation and the 

expertise exist; 

to communicate more about plant and business conditions; 

to involve more employees and their representatives in more activities that affect them and 

require their support and cooperation; 

to change the culture in ways that effect and encourage the above changes in practice. 

In order to foster this type of organizational environment, it is first important to review the 

present status of industrial training. Although middle managers are the group most likely to be 

trained (77.8 percent of all organizations trained middle managers in 1988), production workers 

received the lion's share of employer-sponsored training. This included 8.5 million production 

workers receiving 270 million training hours. 50.2 percent of this training was provided by in

house staff only, 4.4 percent was provided by outside vendors only, and 45.4 percent was 

provided by jointly by both (Gordon, 1988, p. 52). 

However, more importantly, the schools will play an crucial role in the long tenn because 

of the costs associated with retraining the existing workforce and educating the entering 

workforce that is deficient in the basic skills. Sculley believes one possible solution is through 

the use of technology at the level of government and business in schools and through a vast 

networking system (February 2, 1989). 
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Human Capabilities Needed for the Future 

Townley (January 27, 1989) reported that the American Society for Training and 

Development projects that productivity losses caused by a poorly educated workforce, combined 

with remedial training programs cost U.S. business approximately $25 billion per year. For 

example, about one-third of Polaroid's hourly workers are enrolled in a company sponsored 

elementary reading and writing program. Kearns, the CEO of Xerox calls this doing the "schools 

product recall work." 

At present there is an estimated 27 million functionally illiterate adults in the U.S. There 

are another 46 million U.S. adults that are considered marginally illiterate. The public schools are 

generating approximately 700,000 new functional illiterate per year, with an additional 700,000 

who drop out each year. This raises great concern that a high percentage of the potential 

workforce of the future may not have the skills to find a job or the flexibility to meet the 

challenges of the changing job requirements (Townley, January 27, 1989). 

In the future global economy the product will become expendable with a short life cycle. 

Therefore, understanding and applying processes through the access and use of technology and 

information will be the key to maximizing human potential in the future, not the technology or 

product. There will be fewer skill-specific jobs with fewer levels and job classifications. Instead 

workers will need to be flexible and adaptable. Guy Hoppe (October 17, 1989), Director of 

Persinnel for Marquette Electronics, agreed with this concept. This teamwork concept is also the 

sentiment of Richard Cole, Director of Contributions and Community Affairs for United 

Technologies (October 19,1989). 

The joint study of the National Academy of Science, National Research Council, and 

Manufacturing Studies Board, "Toward a New Era in Manufacturing," highlighted the key 

human capabilities necessary for tomorrow's workforce. According to the report, the future 

worker will need to possess the ability to think critically and creatively using innovative problem 

solving techniques. The worker will also need good communication sldlls and the ability to work 
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will within groups. To support and enhance these capabilities in the worker, management will 

have to be more flexible, humane, and innovative (1986). 

The same human capabilities were emphasized by Brummett, chief engineer for the Detroit 

Diesel Allison Division of General Motors, when testifying before the United States House of 

Representative's Committee on Elementary, Secondary, and Adult Education. He reported "The 

basics of the twenty-first century must include: communication skills, problem solving skills, 

scientific and technological literacy, in other words, the thinking and creative tools" (1986). 

Campanella echoed the same human capabilities theme in his opening remarks at the the 

Technology Education Conference '87 (1987). 

The call for reform in the study of technology and its curricula is evident. This is based on 

the way one will have to function in the 21 st century in order to survive. Future trends and 

forecasts do not leave much room for a status quo or traditional study of technology. Key 

corporate leaders emphasize the need for change in order to produce a more technologically 

literate citizen for tomorrow's workplace. To accomplish this mammoth task a systemic model of 

problem solving is proposed. 

Workforce Skills/Competencies for the Future 

Understanding and applying processes will be the key to maximizing human potential, 

thus production and global competitiveness, in the future, not technology. In order to do this, 

however, one must be technologically literate since the future workplace will be dominated by 

technology. There will be fewer skill-specific jobs with fewer levels and job classifications. 

Instead workers will need to be multiskilled to produce a flexible and adaptable future workforce 

capable of lifelong learning. 

The preponderance of the literature supports five generalizable or basic skills to produce 

this type of future workforce: (a) communications, (b) problem solving, (c) critical thinking, (d) 

creative thinking, and (e) teamwork/group work. However, three attributes must be present in 
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the future workforce: (a) the capability at skills, tasks, and jobs that go beyond the current 

workforce, (b) a workforce that is used to learning and capable of additionalleaming/training, 

and (c) the emerging workforce needs more than security. 

Equally important to these generalizable skills is the understanding and application of 

technological concepts. The future workforce, therefore, must have a thorough understanding of 

key elements of technology: (a) tools, (b) materials, (c) processes, (d) energy, (e) information, 

and (f) humans. Through this understanding of the elements of technology the future worker will 

be able to integrate them creatively and critically to solve manufacturing problems. 

More specifically, there are key competencies the future manufacturing worker will need 

in the future and which is supported through the literature. The understanding of and ability to 

apply these competencies will produce a technologically literate future worker. 

Trend 1. The future worker will be able to adjust to constant change and will be adaptable 

and flexible. One can only speculate what the knowledge and technology of the future 

workplace will be. One thing is certain; the knowledge base will continue to exponentially 

advance and technology will be the most dominant factor for this advancement. 

Task Competency I. The future worker will be able to multiskill. 

Task Competency 2. The future worker will possess a broad knowledge base with the capability 

for additional learning/ 

training. 

Task Competency 3. The future worker will be able to apply technological concepts to think 

creatively and critically to solve problems. 

Task Competency 4. The future worker will be able to read, write, apply mathematics and 

science in the manufacturing setting in order to function in the workforce. 

Task Competency 5. The future worker will have the ability to assume more responsibility. 

Task Competency 6. The future worker will be able to function in group work and as part of a 

team. 

Task Competency 7. The future worker will be able to monitor. 
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Task Competency 8. The future worker will be able to integrate work and learning. 

Trend 2. The future work place will require a worker who is 

computer/communication/information literate. Knowing how to read, write, compute, and 

communicate will be a part of computer literacy. It may not be necessary for the future worker 

to have an understanding of the architecture and electronics of microprocessing; they will have to 

understand the functions of computers linked to telecommunication systems. Besides 

communicating via keyboard/screen, the future worker will have to be able to interface 

computers with other technologies to monitor and control machines and other devices. 

Task Competency 1. The future worker will be able communicate through visual, oral, written, 

and machine means. 

Task Competency 2. The future worker will have an understanding of process phenomena. 

Task Competency 3. The future worker will posses the ability for statistical interference -- an 

appreciation of trends, limits, and meaning of data. 

Task Competency 4. The future worker will possess the responsibility for product and process. 

Task Competency 5. The future worker will be able to keyboard, do fundamental programming 

and to interface control signals and input/output devices to computers. 

Task Competency 6. The future worker will be able to access information via databases. 

Task Competency 7. The future worker will be competent in statistical process control. 

Task Competency 8. The future worker will understand and be able to interface CD-ROM 

applications to manufacturing problems. 

Task Competency 9. The future worker will be able to perform simulation operations via the 

computer. 

Trend 3. The future workforce will have to be technologically literate. This means that the 

future worker must possess a command of the elements of technology and how to apply them 

conceptually through a problem solving approach. The future workforce must have a broad 

understanding of technology and its wise and safe use. 
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Task Competency 1. The future worker will have and understanding of superconductivity and its 

applications. 

Task Competem;y 2. The future worker will be able to interface programmable controllers to 

machines and other devices. 

Task Competency 3. The future worker will have an understanding of microelectronics and will 

be able to solve problems through its applications. 

Task Competency 4. The future worker will have an understanding of electromechanics and will 

be able to solve problems through its applications. 

Task Competency 5. The future worker will have an understanding of fluidics and will be able to 

solve problems through its applications. 

Task Competency 6. The future worker will have an understanding of optics and will be able to 

solve problems through its applications. 

Task Competency 7. The future worker will have an understanding of thennal energy and will 

be able to solve problems through its applications. 

Task Competency 8. The future worker will have an understanding of sensors and will be able to 

solve problems through its applications. 

Trend 4. The future workforce must understand systems and subsystems. All technologies 

are interrelated and are based on systems theory. This increases human capabilities, thus 

productivity and global competitiveness. Automation will continue to be refined and applied 

through many new applications. 

Task Competency 1. The future worker will understand how systems and subsystems are 

interrelated. 

Task Competency 2. The future worker will understand automated systems. 

Task Competency 3. The future worker will be able to utilize expert systems. 

Task Competency 4. The future worker will be able to utilize telecommunication systems. 

Task Competency 5. The future worker will be able to apply CADI CAM theory and concepts to 

solve industrial problems. 
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Task Competency 6. The future worker will understand flexible manufacturing system. 

Task Competency 7. The future worker will understand computer integrated manufacturing 

system. 

Task Competency 8. The future worker will be able to integrate 3 or more of the following types 

of devices: electrical power, electromechanical, electronic, optical, fluidics, thermal, and 

computers (Gordon, M. B. W. & Rosenthal, S. R., 1985; Lund, R. T. & Hansen, J. A., 1983; 

Adler, P. S., 1986; Marchello, 1987; and Nemec, 1987). 

Systemic Model of Technology Transfer 

Translating the private sector's message into a learning environment for developing 

technological literacy supports the notion for holistic and lifelong learning. Therefore, to prepare 

one to solve tomorrow's problems it is crucial to create a learning environment that fosters the 

development of problem solving, creative, and critical thinking skills and abilities. The learning 

environment should also provide experiences to develop good communication skills and group 

dynamics. The environment must be flexible and allow for adaptation to the unknown future and 

undeveloped technologies. 

10 order to successfully develop technological literacy, it is imperative to involve the 

corporate world through partnerships. However, these partnerships must not be short-term or 

charity, but must be long-termed and tied to corporate policy. Steve Nielsen of Pacific 

Northwest Bell stated that business generally gets involved in cursory, fun, easy, and cheap 

educational activities and not is not the answer. 

Townley (January 17, 1989) expressed three key ingredients to foster this: 

be permanently linked to long-term corporate policy and strategy that transforms education 

into an everyday concern. 

be viewed as a pragmatic employment and training issue, not an act of charity. 

encourage human resources executives to become actively involved in school curricula, 

identifying areas that have a direct impact on current and future jobs. 
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To create this type of learning atmosphere problem solving must drive the curricula. The 

learning experiences must be systemic and holistic in nature. Experiences must foster lifelong 

learning and must be built upon the principle of transferring knowledge from one technology to 

another, not knowledge isolate within a specific technology. The curricula must be organized 

around process, not content. The study of technology must also be integrated within all school 

disciplines. 

The systemic problem solving model for technology transfer highlighted in Figure 1 is 

designed to foster such a learning environment. This model allows one to enter and exit at 

different points and to move around freely depending upon their prior knowledge and ability to 

understand the problem. It is built upon of integrative continuous learning and problem solving 

theory implemented through a systemic systems approach. This model, then, provided a 

framework with which to study technology from a futuristic viewpoint. 

There are three generic inputs or influencing factors that affect the development of 

technological literacy and the transfer of technology or knowledge: (a) human values, (b) 

restraints on technology, and (c) resources of technology. The restraints on technology are those 

factors that limit or hinder optimum solutions to technological problems. The resources of 

technology are those factors which provide positive help toward the optimum solution to a 

technological problem. The humans values provide the balance or common denominator 

between the restraints on technology and the resources of technology. Over time then it is the 

human values maximizing the resources that extends the knowledge base, thus producing a more 

technologically literate citizen. 

Human values include: (a) prior knowledge, (b) ethics, (c) values, (d) morales, (e) 

attitudes, and (f) concepts of people involved in solving the problem. The restraints on 

technology include: (a) laws of science, (b) technical, (c) financial, (d) limits of knowledge, (e) 

the specific purpose, and (f) personal and social. The resources of technology include: (a) 

concepts and methods of science, (b) concepts and methods of technology, (c) material, (d) 

sources of information, (e) manpower quantity and quality, and (f) personal creativity. 
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An input begins at a point with other inputs being added and diverging until all inputs have 

been entered into the problem being studied. The inputs are recognized and processed through 

one or more of four possible learning experiences: (a) active experimentation, (b) reflective 

observation, (c) concrete observation, and (d) abstract conceptualization. The inputs are 

processed through a systemic problem solving method until all possible solutions have been 

explored and convergence is reached with the optimum solution to be implemented. This 

produces one or more outputs which are controlled cybernetically or by specific impacts. 

The inputs are processed through a problem solving technique that allows one to enter and 

exit depending on their ability to understand the problem. It is over time that less and less 

information is provided, thus allowing one to begin solving problems at a more abstract level. 

The problem solving technique includes: (a) identification of the problem, (b) brainstonning, (c) 

analysis, (d) information gathering, (e) design brief, (f) alternative solutions, (g) optimum 

solution, (h) working drawings, (i) planning and evaluation, (j) prototype, (k) testing, (I) 

modification, (m) final evaluation, (n) fmal report, (0) implementation of solution, and (p) 

impacts. Throughout this technique the relationship of the elements of technology to the problem 

are analyzed. These elements of technology include: (a) tools, (b) materials, (c) processes, (d) 

information, (e) energy, and (f) humans. 

As the inputs are processed through the problem solving technique and convergence is 

reached outputs are produced. These outputs include: (a) the human achievement, (b) awareness, 

(c) capability, (d) economic, (e) social, (f) cultural, (g) environmental, (h) personal, (i) 

exploration, (j) comfort, (k) discovery, (I) artifacts, (m) investigation, (n) knowledge, and (0) 

leisure. The outputs feedback upon the resources of technology, restraints on technology and 

human values. 

It is this feedback that controls the system. Feedback can be cybernetic or impacted. The 

feedback loop could include signals or symbols. The feedback to the system is closed-looped. 

Those systems that do not contain feedback are open-looped. Cybernetic feedback can be (a) 

planned, (b) unplanned, (c) desired, (d) undesired, (e) intended, or (f) unintended. 
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The feedback also creates specific impacts to the system. These may include: (a) economic, 

(b) social, (c) cultural, (d) political, (e) personal, and (f) environmental. The impacts of 

technology may be either results or consequences. Results are those impacts that occur 

immediately upon a problem solution being implemented. Consequences are those impacts that 

come about over time as a result of the implementation of the solution. 

Organizing the Study of Technology 

It is imperative that the study of technology be organized in a curriculum model of 

manageable components that are universal to a holistic study of technology. It must also be 

organized in such a manner to allow for the transfer of knowledge from one technology or 

problem to another. By doing this, one can logically analyze and organize any study by utilizing 

these universal constants of technology as major headings of the technology or problem to be 

studied. 

The curriculum model highlighted in Figure 2 suggests a process approach to the study of 

technology. Problem solving is the technological method and the component that drives the 

curriculum. The curriculum is organized under three major categories: (a) systems of technology, 

(b) research and development, (c) design and innovation. The content to be taught is analyzed 

and organized under three headings: (a) elements of technology, (b) limits of technology, and (c) 

impacts of technology. 

Under these universal constants any technology can be studied. This organizational 

structure provides a system for transferring knowledge from one study to another. Thus this 

method provides the basis for one's thinking in technology so tomorrow's problems can be solved 

(Barnes, 1988). 

To help facilitate this type of study of technology it is critical that one utilizes the corporate 

world. TIrrough cooperative partnerships in the study of technology between corporations and 

educational institutions technological literacy can be developed. 
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Corporation and Educational Partnerships 

More than ever before corporations and educational institutions must work together to 

develop a technologically literate citizenry that will be able to solve tomorrow's problems. This 

will include educating, training, and retrain both children and adults and call for innovative 

approaches. The corporate sector supports long-term educational projects to foster educational 

reform and the development of a technologically literate workforce. Corporations have already 

made this type of conunitrnent. Theses initiatives include: 

Apple Computer Corporation's Apple Classrooms of Tomorrow. 

Dayton-Hudson Corporation's dropout prevention program. 

Amoco Corporation's program to identify emerging jobs and prepare students to compete for 

them. 

ARCO supports programs for low-income and minority students. 

Georgia Pacific Company's program that allows its employees to teach a variety of courses at 

all grade levels. 

IBM's "Write to Read" program. 

Digital Equipment Corporation's traveling computerized classroom. 

General Electric and Hewlett-Packard programs to improve math and science training. 

NASA's summer teacher and student programs. 

Honeywell's sununer teachers academy. 

Fairchild Aircraft's hi-tech internship program for students. 

Conclusion 

The research strongly supports the potential for developing a future technologically 

literate workforce which allows United States industry to compete in a global market. The 

evidence overwhelmingly implies the need to develop a multi-level training and retraining 

program that provides for employee lifelong learning. The uncertainty of the future coupled with 
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the advancement of knowledge and technology support the importance for a multiskilled 

workforce that is flexible and adaptable to change. 

The research also supports the notion for broadening the concept of "skill" to include 

more kinds of responsibility, more procedural expertise, and social skills necessary for 

teamwork. This must include the ability for workers to think: critically and creatively and to 

utilized problem solving skills in order to solve manufacturing problems. The research findings 

also indicate the need to understand systems and their subsystems. The future workforce must be 

able to communicate and to access information in a variety of ways. 

In conclusion, corporations and education should work together long-tenned to foster the 

development of technological literacy, K-Adult In order to accomplish this task the focus must 

be on overhauling the existing educational system: 

by making the teaching profession more attractive. 

by giving the disadvantaged more of a chance. 

by starting the development of technological literacy earlier. 

by fostering holistic and lifelong learning that support the transfer of knowledge through the 

use and application of technology. 

by begin the development of teamwork, problem solving, critical and creative thinking skills 

earlier. 

by bring the corporate knowledge and capabilities in the use and application of technology 

into the classroom or take the classroom to the corporate sector. 

by establishing networks for learning. 

Through the implementation of lifelong education, training, and retraining programs that support 

the above recommendations, the future workforce will be technologically capable of making the 

corporate world of tomorrow one which is competitive in the global marketplace. 
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ON SOME PROBLEMS OF THE EDUCATIONAL REFORM AND 
LABOUR MARKET 

Ing. H. Novakova, Research Institute of Pedagogy Prague 
Czechoslovakia 

The democratization of our society has a great influence on 

our educational system, which is at present changing. The 

curriculum reform will devote the greatest attention to the 

upbringing training and education of the raising generation 

from the aspect of the democratic development of our republic. 

That means systematically to create conditions for the succes

sful and individual development of young people, to Czechoslo

vakia's youth to be free, healthy, educated and well prepared 

for the life in the democratic society and labour market. 

We are opening our country to Europe and from this point of 

view we are preparing the new educational system. At present 

our school is transfering from the old educational system to 

the new one. It means that in school practice for the next 2 -

3 years both educational systems will be mixed. 

We stress the fact that a new quality of education within 

humanity and freedom will respect new trends in the develop

ment of the modern education in the world, national traditions 

and the needs of labour market in our country. We shall deve

lop new content of curriculum and of school technology accor

ding to the broad profile of school-leavers, young people 

prepared for life in democratic society on high technological 

level. 

The Charter of the Fundamental Human Rights and Freedoms 

adopted by our Parliament on January 9th, 1991, lays down, in 

Article 33, a citizen's right to education which is free in 

primary and secondary schools and -according to the citizen's 

abilities and society's means- further on in universities, 

too. 
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primary education, obligatory for all pupils, takes nine years 

at present. There is a wide network of pre-school facilities 

in our country. There are nurseries for children aged between 

half a year and three years; Kindergarten are attended by 

children aged from 3 to 6 years. About 95% of the children 

aged five or six years attend these pre-school facilities, 

which is very important from the point of view of their prepa

redness for attending the primary school. Attendance of pre

school facilities is not obligatory in our republic. 

Children start to attend the first grade of the primary (ba

sic) school at the age of six. According to the latest regula

tions (February 1991) the first stage of the primary (basic) 

school takes four years and is uniform for all pupils. The 

second stage of the primary school takes four years too (from 

the 5th to the 8th grade) and is differentiated internally by 

the introduction of optional subjects in the last two years. 

At the lower primary level of basic school (1st to 4th grades) 

the curriculum comprises work education in a capacity of 1 

hour a week. Its main purpose is to provide pupils with most 

important knowledge of technology and production and the 

appropriate skills and thus to contribute to technology and 

work education of pupils according to the objectives and tasks 

of school as a whole, as well as in accordance with other 

relating disciplines. This subject supports the development of 

the pupils' abilities and interests, their career choice, as 

well as their further education. 

The pupils of the 1st to 4th grades in primary school systema

tically attain knowledge and skills in work in different 

material, stuff, product of nature, paper, various plastic and 

metal constructional kits, timbre, textiles etcetera. 

The new developing curriculum lays stress upon the work with 

various plastic and metal constructional kits and the organi

zation of their work from the point of view of hygiene. 
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~A~t~~t~h~e=-_u~p~p~e~r~~l~e~v~e~l~~o~f~_p~r~i~m~a~r~y~~(~b~a~s~l~'C~) __ ~s~c~h~o~o~l (5th to 

grades) involving 10 to 14 year olds, 2 hours weekly 

devoted to work education. 

8th 

are 

The components of work education are: Technology, Plant-bree

ding and Girls' Enrolment. 

The content of technology is oriented mainly to the work in 

timbre, metal, plastics, including operations in electrotech

nics and electronics. The pupils thus get acquainted with the 

construction, function and purposes of the used tools, as well 

as with the technological procedures. 

Through the plant-breeding the pupils attain basic knowledge 

and skills connected with cultivation of soil, breeding fruit 

and vegetable and various flowers. 

The content of girls enrolment is oriented to the tasks of 

nutrition and food production, clothing, the technics of hand 

and machine sewing, homekeeping, etcetera. 

It is supposed to divide the work education at the upper level 

of primary school into 3 independent sUbjects. 

In addition the 9th grade at the primary school was introduced 

as a transfering grade for the pupils not going on to the 

upper secondary schools leaving 8th grade. In the compulsory 

part of curriculum -and it is new- there is a new subject 

family's education, 3 hours weekly for girls. The pupils 

acquire skills in homekeeping, babies' care, knitting, cook

ing, etcetera. For boys the content is oriented to the matters 

of bases of life in a family, on babies' care, culture of 

lodging and economics of household. 

In the framework of optional subjects in 9th grade, 2 hours a 

week, the pupils have the possibility to choose technology 

(including technical drawing, independent creative work, 

electrotechnical and electronical operations, etcetera), or 

plant-breeding, 2 hours a week, oriented to the cUltivation of 

soil and breeding agricultural plants. Both optional subjects 

can be combined, 2 + 2 hours or 1 + 1 hour weekly. 

Most of the pupils are going on to the upper secondary educa-
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tion. They may apply for admission to the secondary schools as 

early as in 8th grade of the primary school. They may pass on 

to four grades comprehensive school, or to secondary speciali

zed schools, or to secondary vocational schools that prepare 

skilled workers. They usually take three years and end with 

apprenticeship examination, in addition to an apprenticeship 

certificate, A.L. too. 

The pupils who apply for admission to the secondary school, 

where the studies end with a school-leaving examination must 

have adequate results. The headmaster of the upper secondary 

school decides whether the pupils will pass an admission 

examination in Czech and in Mathematics, or whether they will 

be admitted without an examination on the basis of primary 

school certificates. That means that the pupils may apply for 

admission to the upper secondary school as early as in the 

second term of their eighth grade at primary school. 

Contrary to the situation in the past, there are no directive 

quotas set for admitting pupils to upper secondary schools in 

our democratic society. 

The new plan of study of a four-grades education in gymnasia 

is coming in force in this academic year 1990/91. It comprises 

3 branches: general, humanistic and natural science. At pre

sent the school technology is optional in the 2nd, 3th and 4th 

grades. The structure of an optional subject depends on the 

principal of a school and on the interests of the pupils. Some 

non-obligatory technological subjects are also possible to 

introduce. 

The primary schools and gymnasia face a successful development 

of pupils' free actions in technology and science. 

In addition to the state schools private and church schools 

were founded in this country, too, where parents may apply for 

the admission of their children. At the same time it is possi

ble for a pupil to switch from these so-called alternative 
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schools to state school and vice-versa. 

Beginn ing in the school year 1990-91, eight-grades grammar 

schools came into existence where pupils are admitted after 

five years at a primary school. They are intended for more 

gifted pupils and they are either state schools, church 

schools, or private schools. compared with the number of state 

schools, church or private schools are a minority; there are 

but a few such schools at the present stage. 

Our educational system is changing, the spectrum of schools is 

very broad and the democracy in education is realized in the 

practice. According to the new economic conditions we have to 

solve the best ways !Jaw to link the general education with 

industry, how to respect the market economy in our educational 

system. 
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SCHOOL-INDUSTRY-RELATIONSHIPS 

Dr. T. Kananoja, The National Board of Education 
Finland 

1 . There is a tradition to have practical periods from school in the 

industry. Before 1970s that was usual only in the practical school for 

the academically less able and in the vocational schools. During these 

periods pupils were usually acquainted with less important jobs in the 

enterprise . 

The modern version of this is called "TET", "Acquainting with Working 

Life". It was developed for the comprehensive school in the 1970s as 

a part of Pupils' guidance and career education. 

2. Polytechnic type of subjects have belonged to the Finnish school 

quite strongly. The subjects are e.g. "technical work" and "textile 

work". Pupils learn skills in order to get ideas for their career choices. 

New technology has come in practical subjects, too . This year there 

will be an international meeting in Finland about Technology education. 

3. Science, especially physics education has lately been developed 

towards technology education. Links with the industry have been 

created and there is a discussion going on about the similarities and 

differencies of science and technology education. For technology 

education as a new development of technical work (crafts) there is a 

new curriculum report. 

4. There are some general efforts for promoting technology education 

going on in the Finnish society. Planning of a new integrative school , 

"Youth School" and a new university level training, "Vocational 

university" (Fachhochschule) are in the pipeline. The experiments will 

begin in 1991 . - I hope that the new term "Europeanisation" will bring 

us technology education as well as a national necessity. 
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SCHOOL-INDUSTRY -LINKS 

1. THE DEVELOPMENT 

In 1950s it was very necessary in Finland to guide pupils to working 
life . It was done in the school for the academically less able. The 
country was in post-war economic crisis and there were not so 
many vocational schools. So real vocational education was one of the 
tasks of general education, too. Pupils' vocational abilities were 
tested and traditional career guidance was given at junior secondary 
schools. 

Pupils' guidance as a subject area was launched in comprehensive 
school in 1972 - 77 and in sen ior secondary level in 1983. In 1983 
"Acquainting with working life " ("TET") was launched in the higher 
comprehensive schools. In that program pupils have practice outside 
the school during grades 7 - 9 as a part of career guidance. 

That recent development in Finland had its models - I think - in 
the German traditions for "Polytechnische Bildung und Erziehung" 
and "Arbeitslehre". Especially Arbeitslehre gave its ideas as a model 
and possible starting point for integration, too. However, in the time 
limits given and without any real combined efforts integration has 
not functioned so well . Quite a lot could be done to bring the TET
approach in real contexts in the school and amalgamate it with the 
other disciplines. A possibility for that will be during the next 
curriculum work from this year on . 

"TET" in guidance has has been quite progressive. Since 1985 the first 
computer experiences in school are given in guidance, too . 

My message in these discussions has been : Education for work should 
be concrete and in relevant contexts. During the traditional school 
visits the pupils see work happening through the factory window. 
What do they really learn is to watch work through the window! 
One possible outcome may as well be alienation from working life! 

2. "EDUCATION FOR WORK" 

I have called practical subjects "Education for work" . That was the 
start and still is a necessary part of them even if the concept of work 
is changed. The main subjects in that are technical work and textile 
work. The idea is to give pupils practical experiences connected to 
work of yesterday, today and tomorrow. 

The number of weekly periods in education for work could in the old 
practical schoo l be even 20 . Now that number is only 2 - 4. It is not 
any more enough or necessary for real skill training like it was 
before. When the comprehensive system beg'an in 1970 - 73, the idea 
was not to satisfy the vocational needs so much anymore . The number 
of vocational schools institutes had increased and the concept of 
skill was developed. So the weekly periods for practical subjects 
diminished. 

The curriculum of technical work has, as in many countries, belonged 
to the art-and-crafts -group. The subject has, however, been developed 
in the 1950s to cover e.g . studies of electricity and engineering and 
in 1970s electronics. In order to launch new technology in practical 
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subjects some working groups were founded in 1981 ("Computers in 
practical subjects"), 1987 ("Graphic methods in education" - including 
CAD-CAM and CNC) and in 1989 ("CAD and design" - mostly in textile 
crafts) . In-Service trainig has been made, too. However, so far only 
some 10 - 20 % of the schools have computers in technical work. 
The enthusiasm of the teachers is increasing, anyway. As well in 
textile work some schools have the computerised loom! 

In 1970s there was a very progressive Government Committee drafting 
the future of secondary education . A Committee paper (1978) made a 
proposal to launch a new subject "Education for work and 
technology" to the academic senior secondary school. It should have 
become a practical subject. However, later on a government decision 
(1979) was made to integrate the new subject area in social studies 
(the social development of work, e.g. union movement) and in physics 
education (the technological basis of industry). That was because of 
the fear of the possible costs for a new teacher category. The 
concrete practical education is, however, possible in that school but 
only as an option. 

There are some conceptual problems concerning the school subjects 
at the moment: 

- Discussion about technology education as a new subject area has 
been started. The national technical work and science teachers' 
associations collaborate. Technology education will be realized either 
instead of the present technical work which already is similar to it 
or it will be integrative - or both. As well, however, science education 
will have more technological contacts in the future than before. And 
technical work should be brought in closer contacts with science 
and mathematics. 

- Computer studies has brought Automation in the school as a separate 
course. It is OK. However, automation is handled already in technical 
work, where it should naturally belong. - These are mostly very 
practical problems: Where to have the CNC-machine or Robotics -
in the maths' or science classroom, in the computer laboratory or 
in the practical workshop, where the manual lathes are?! This problem 
is solved locally in many different ways so far. 

- Foreign models for Finnish technical work education have been the 
German "Technik" and the British "COT". However, total integration, 
as in "Arbeitslehre" has not yet been made. 

What I have been talking about is technology education. What is it? 

- In UN, UNESCO and OECD documents it has been discussed. The 
problems connected with changing work have increased in the world 
and research has been made a lot concerning school - industry links . 

- In 1989 in an OECD meeting I got a satisfying answer to my 
question about technology education: 

"Technology education is a school subject, which is based on the old 
crafts teaching, which introduces to technology and modern 
technology, which has the mandate of the old wood- and metalwork 
education and which belongs to the mathematical-scientific group of 
subjects". 
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The differences between the old and new "crafts" education (technical 
work, technology education) can be described as follows: 

BEFORE NOW 
(crafts) (technology) 

objectives: motor functions, critical ability and inventing 
dexterity, things, technical read iness, 

decision making skills, 
technical understanding, 

skills to use tools and understanding the technical 
machines, functions and processes, 

production of things, know-how, generalizable 
machine production, skills, 
vocational readiness 
or basis for it, 

past or present present or future technology, 
technology transferable skills 

aims: alte rnative route for way to learn better through 
less able students cognitive psychology, 

general education for all 
and especially for technically 
talented students 

functions: aesthetical, expressive, product planning ; functional, 
traditional rational 

methods: reproduction according design; designs are made 
to the ready-made by the pupils for own 
designs, ideas, 

drill and excercise problem solving 

integration : art and culture mathematical-scientific 
subjects 

designing: individual, "historical" "future" models, design , 
mode ls, ready-made individual or group problem 
designs solving 

main learning: manufacturing the understanding the process 
product 

FIG.1. CRAFTS AND TECHNOLOGY EDUCATION 

Starting point for crafts education was to introduce pupi ls to working 
life and so to support th e development of the industrial life of the 
country. At that time work was mainly manual. Now it is not anymore 
enough to become acquainted with woodwork and metalwork. 
Technology of today and on which the future technology is based, is 
needed in schools, too. 
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Technology education handles the technologies which are represented 
in the world of work in the country . The subject is based on 
education for work, not as vocational but as an introduction for all 
to understand technology. And as a special introduction to the world 
of technology for those pu pi Is who are technologically talented. 

The essential contents of technology education (model Finland) is: 
1. Mostly modern technology not excluding the old technologies 
2. The subject area supports the national industrial development 
3. Theoretical basis is mathematical-scientific 
4. Emphasize on creativity, design and problem solving 
5. Teaching/Learning is versatile and differentiated (concerning e.g. 
the development stage of technology and the materials used) 
6. Activation of pupils as early as possible for technology and 
techniques in order to find out the potential national innovators. 

3. THE PEDAGOGICAL FOUNDATIONS OF SCHOOL-INDUSTRY -LINKS 

3.1. Pupils' guidance 

The present links in Finland are based on the curriculum from 
1985. "Acquainting with working life" means both a general obligation 
for all education and a special area in Pupils' guidance. The 
development has mostly been made by the guidance representants, 
but the different subject areas are represented in the contents, too . 

The program is supposed to begin with the first grade in the 
comprehensive school (at 7 years of age) and to continue up to the 
last grade of sen ior secondary school (at 19 years of age). The 
approaches and the type of links vary according to the age level. 

The main approaches are : 
1. studies in the schoo l including visitors from the industry 
2. short visits to the industry 
3. periods for one day or more in the industry 

Concerning the nature of the links there are natural soft approaches 
in the lower grades in different subject areas to help to understand 
the relevant concepts of work: 
- "work in the neighbourhood" 
- "different professions in the society" 
- "work in the school premises" 
- "development of work". 

Support from the PTA-act ivitites is used when planning the co
operation. 

The longer participation in work in industry (approach n:o 3) happens 
on ly at the higher comprehens ive (at the age of 14 - 16) and at the 
senior secondary level (at 17 - 19). Usually these periods in the 
comprehensive school last for 2 weeks, the first week being for the 
preparatory experiences, the last one on a chosen area. Exeptionally 
at the voluntary 10th grade in the comprehensive school the pupils can 
have even one day per week in the industry all the year long . 

Today visiting the industry and the industrial periods from pupils' 
guidance are more and more done in commerce and business life. Work 
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safety legislation limits the participation of young people in work in 
factories. The links tend instead of being career education to become 
more and more a start for discussions on the pupils ' reports after the 
contacts, mutual exchange of experiences of work and school 
representants and pupils' guidance for structuring and understanding 
life in general. 

3.2. In different subject areas 

The natural hierarchy of the aims of linking the school and work 
is: 

AWARENESS - UNDERSTANDING - DOING 

Doing means here pedagogical use of the increased possibilities of 
the young to participate in more demanding jobs in safe conditions 
and under supervision. 

Naturally all these stages include methodically hands-on-experiences, 
experimenting and motivation from own work results. 

Today we have a reform program for scientific-mathematical subjects 
to be made in Finland. There have been efforts trying to get 
technology education included in that group as a modern type of 
education for work. The efforts will continue. There is an initiative 
to plan science education for the lower comprehensive school (grades 
1. - 6), too, as a new subject, istead of environmental studies. 

For practical education there is an agreement about certain approaches 
at the moment: 
- The importance of work and handling as the basis of human and 
social development according to the developmental psychologists 
(Leontyev, Vygotsky; Piaget, Aebli). Education for work has both 
individual and social meaning. 
- Education should be "cultural", e.g. it should pedagogically cover 
the whole development of work. So it will best be suited to the 
development of children (G. Stanley Hall, Ziller). So it will best suit 
to the national interests in each country, too . National education 
should as well be broad enough to cover local and regional interests. 
So education wil! not anymore happen in the schools only. 
- The hard effects of technology in the society should be softened 
through broad views in education to environmental problems, survival, 
values and aesthetics. Instead of "technological determinism" people 
should be educated for "technological voluntarism" - instead of blind, 
mechanical obediance education should aim at understanding and 
mastery of technology. 
- Efforts to apply cognitive psychology and activity pedagogics in all 
learning. The tradition of the Finnish general education school is 
actually quite strongly activity-based. 

Collaboration between technical work and science education has been 
changing in the Finnish school: 
In the old "civic school" (the school for academically lesss able up 
to 1970s) science was taught in close connection with the boys' 
crafts. This tradition ended with the comprehensive school. After 
this in most schools this thing was discussed between crafts and 
science teachers. At the moment the subjects are separate - except 
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the remark in the curriculum of technical work for planning 
electronics education in collaboration with physics' teachers. That is 
because the technical work teacher trainig still is too much arts
and-crafts oriented. There is, anyway, a general trend towards more 
integration again. 

What are the differences between science and technology in general? 

aims: 

outcomes: 

product: 

critique: 

publicity: 

Science 

to find ou t, understand, 
generalize 

to publish a piece of 
research , 

"write more research" 

laboratory product 

from the colleagues 

"triumphs of science" 

FIG. 2. SCIENCE AND TECHNOLOGY 

Technology 

to understand, 
construct, develop, 
invent 

to patent a functional 
invention, 

be useful 

commercial product 

from the consumers 

"scapegoat for the 
environmental 
problems" 

Concerning Finland, a small industrialized country, everybody should 
have ability to understand and skill to apply technology. Black-box -
thinking is not enough for the future. Our children should be educated 
for taking care of the development of technology in the future, too. 
Both scientific and technological competence is essential. At school 
both of them must be promoted. 

What are then differences between science and technology education? 

Both inductive and deductive approaches are important in 
mathematical-scientific and technology studies. Induction can give 
natural starting points for science education from the field of 
technology. In technology education the activity and hands-on
experiences are emphasized. So technology can quite well seNe both 
as the starting point and as an application for mathematics, chemistry 
and physics education. 

- Naturally we should not try too much. For example learning the 
calculation of the cylinder volume in a motor can happen only 
deductively, starting from the maths' rules. 

- There is no reason to think science as the theory of technology. 
Technology has its own development and theoretical structure, partly 
older than those of science . 



aims: 

the core of 
the subject: 

functions: 

the result: 

inductive 
approach 
begins from: 

deductive 
approach 
begins from: 
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Science 
education 

to find out, understand, 
generalize 

natural laws 

cognitive 

understanding and 
applying the natural 
laws 

natural phenomena and/or 
technology 

natural laws 

FIG. 3. SCIENCE AND TECHNOLOGY EDUCATION 

Technology 
education 

to understand, 
construct, develop, 
invent 

techniques, 
technology 

constructing, 
know-how 

understanding 
and applying 
techniques and 
technology 

practice 

techniques, 
technology 

It is important to integrate technology in many school subjects. It 
is, however, not enough . Technology must be a subject on its own 
rights , too. The main aims of physics and chemistry education should 
be to direct the young to scientific thinking and understanding the 
natural laws. Some of these are important for the industry. To give 
the scientific way of thinking for the pupils is, however, the most 
important thing in science. 

At the moment there is a discussion going on in Finland about the 
"centrelization" of science education. In the traditionally humanistic 
Finnish school there is a crowd of obligatory subjects. Through 
centrelization on the most important contents the aims would be 
reached better. If as well practice or technology will be emphasized 
as integrative areas for science more than before there will be even 
greater lack of time resources. Here technology education is urgently 
needed! 

3.3. ALLIANCES 

In Finland as in many countries there are social interests to educate 
more than before to the world of work and to break down the walls 
of the school for the rest of society to join the educational process . 
Industry has founded trusts and foundations to support the school 
activities. Even the worst factories polluting the environment 
experience it to be their duty to talk abnout environmental care. 
Parents are more and more interested. Newspapers write about the 
new approach of the school. 
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/' 
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FIG. 4. THE ROLE OF ALLIANCES 

TECHNO-
LOGY EDUCATION 
- production 
technology 
(pre-vocational 
and vocational), 

The network of interests can be described as above . Collaboration of 
school and industry begins with checking the common needs and 
interests. Starting points can be education or industry. 

- Educationally starting points can be different subject areas, e.g. 
chemistry, physics, pupils' guidance or technology education and the 
demand of hands-on experiences, especially in the lower school years. 

- Industrially starting points are e.g. manpower shortage, motivating 
the career choices and giving better knowledge for everybody about 
industry, its development and needs. 

3.4. OTHER ACTIVITIES 

1) "T1", the Economic Information Bureau, The Finnish Employers' 
organisation, has organised technological competitions for the school 
children, mostly in the context of technical work education. The 
modern aims of technology education, inventiveness and technical 
creativity have been emphasized. The projects have been technical 
and funny, e.g. climbing cars, mouse trap cars and paper gliders. As 
well other interest groups, the Schools' Club Center, banks and the 
Finnish Technical Society have later on organised same competitions. 
IT has published a lot of films and videos about industry for schools, 
too. 
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2) The National Board of General Education has during the last years 
participated in the Unesco INISTE, International Network for Science 
and Technology Education and FIt\IISTE, the Finnish Network has been 
founded. It involves now a. 100 teachers, organises seminars and 
development of teaching methods. A couple of books have been 
published about teaching methods. - In 1989 an international 
conference supported by Unesco was organised in Finland. Quite 
many FINISTE-teachers have visited US and UK schools and teacher 
training institutions, too. 

3) The Finnish National Commission for Unesco has organised the 
Baltic Sea -project. The aim is to activate the schools around the 
Baltic to make research connected with physics, chemistry, biology and 
technology education about the pollution of the water and the air. 

4) In CERI/OECD there is a project for development in science, 
mathematics and technology education going on. Finland has 
participated in three preparatory meetings and participates in the 
project at least at the level of reporting the national efforts for 
innovation. 

5) The senior secondary schools have begun the school-industry -links. 
The project is called "Visiting the industry". The factories visited have 
mostly been the government chemical companies like NESTE, the 
Finnish petrochemical and plastic company; and KEMIRA, the Finnish 
fertilization company. During the visits pupils work in the laboratory. 

4. FINALLY 

The idea of all education is to be relatively concrete depending on 
the age and development of children. However, both technology and 
science education cover the whole time span for education . In the 
lower grades technology education was called pre-vocational. On the 
third stage of schooling it becomes naturally vocational. Why shouldn 't 
we call the equivalent in science as "pre-scientific", as a preparatory 
stage for real science education! 

For constructing the links between school and industry there are some 
essential things to be remembered. Some areas of education or industry 
are pedagogically very suitable for linking. 

- One of the assets of technology education is the concreteness, 
learning by doing. It suits well for industrial applications at primary 
and junior secondary level. It supports the idea of cognitive learning. 

- In physics and chemistry education the approaches must be different. 
The difficulties lie in the traditional abstractness of the subject 
contents. 

- All kinds of alliances should affect education through curriculum 
design and supporting the interests of pupils, educationists and 
industrialists. 

In the developing countries the best support for education would quite 
often be construction and maintenance programs of school houses. 

The needs differ in the developed countries a lot, too. As well there 
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are different curriculum and and industrial cultures in different 
countries which makes it not so easy to reach any global strategies 
or models for school - industry -links. 
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LEARNING AND TEACHING OF TECHNOLOGY AT THE MIDDLE 
SCHOOL LEVEL: THE PLACE OF INDUSTRY 

R. Amigues, Universite de Provence 
J. Ginestie, A. Gonet, Centre de Formation des 
Professeurs de Technologie Marseille 

Abstract : We propose to investigate the question 
of the place .of industry in technology education. The 
question to be addressed is the following : how can the 
industrial topic -. become a content of teaching and 
learning ?. In France, teaching of" technology at the 
middle school level ( 12-15-year olds, 6th-9th graders) 
is aimed at helping students to understand basic concepts 
of technology and the technology process. We will address 
this instructional setting according to the three 
following points : relationships between (a) pedagogical 
and industrial practices, (b) the references relating to 
industry and educational institution, (c) technical 
object and reduction of reality. The discussion will be 
centered on the necessity to clearly define the reference 
from which formative and relevant tools would be 
constructed for learning and teaching technology. In this 
way, a possible means is the "transposition process" used 
in didactical research. 
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1. INTRODUCTION 

In the French educational system technology occupies its 

place in the area of general culture. The aim of instruc

tional technology is the understanding of and adaptation 

to the steps of conception, research, manufacture, tes

ting and utilization of technical objects. But it also 

aimed at understanding the influence of technicity in the 

culture of a society. This process enters into the purpo

se of the training of producers, consumers and citizens. 

This approach is essentially centered around technical 

objects whose statutes change according to the point of 

view adopted, educational or industrial. In fact, in tea

ching, these technical objects are the basis for learning 

whereas in industry they are source of profit. 

The definition of educational objectives and the content 

of teaching lead to specific partitions of the industrial 

reali ty. The goal of this paper is to present elements 

for analysis and research paths for studying this parti

cular curriculum. 

2. PEDAGOGICAL OBJECTIVES AND INDUSTRIAL PRACTICES 

In France, the teaching of technology is most often ap

proached trough two viewpoints : the "holistic" and the 

"specific". 

- The holistic point of view presents the world of 

industry as one of design, manufacturing, quality 

control and marketing of technical objects. In 

this perspective, industry appears as a technical 

system of production : a whole made of interloc

king scientific and technical processes which 

requires the use of various social practices. The 

analysis of the system of production is done 

through the breakdown into subsystems (analysis 

of structure) and by studying their interactions. 

The question of the complexity of possible orga-
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nizations (the number of sUb-systems and possible 

applications for each sub-system) is rarely trea

ted. However, the type of organization of the 

industry determines its social organization and 

production methods. 

The specific point of view presents the industry 

through the study and production of a particular 

technical object. The realization of one techni

cal object allows a simulation of how industry 

works. 

The alternating strength of these two viewpoints is the 

underpinning for the establishement of relevant relations 

between the technical object and the industrial environ

ment. The quality of the teaching of technology depends 
• on the breakdown of the industrial reality and the balan-

ce it is possible to maintain between the two points of 

view. According to the weight attributed to one or the 

other, it is possible to ascertain two types of dysfunc

tionning. 

Teaching that is centered on the holistic approach ne

glects the constraints of production and associated tech

nological knowledge. On the other hand, too specific an 

approach does not allow an integration of the entire 

structure of the system of production and its process. 

It is clear, in this context, that the activities offered 

to the students do not correspond to actual acti vi ty. 

Thus the use of a "technical project" constitues a prac

tical means of presenting the industrial function in a 

rationalized form. The student is thereby led to play the 

different roles inherent in a division of labor. These 

roles follow one another according to a simulation of the 

process of development of a product (designer, engineer, 

technician, etc ... ). This entire process of fragmentation 

leads to a clouding over of the specific difficulties 

that the industry must resolve in order to produce an 

object. 
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This leads the student on one hand, to confuse the intel

lectual activity connected to the elaboration of a pro

duct and the production process of that product. As for 

the teacher, he superimposes the pedagogical process and 

the engineer's or technician's role on the technical 

project's approach. The teacher now plays several roles : 

engineer-professor, technician-professor, etc ... In this 

context, not only are difficulties inherent to the indus

trial reality glossed over but the definition of pedago

gical objectives obstructs the establishment of a 

pertinent relationship to the industrial process. The 

knowledge being taught is defined in an autonomous self

referential way by the educational institution. 

3. REFERENCES RELATING TO INDUSTRY AND EDUCATION WORLD 

In this framework, the main problem lies in the decompo

si tion of specif ic knowledge, which is incorporated in 

the industrial process, and its recomposition in class. 

It is in this process of "transposition" (Chevallard, 

1985) that taught knowledge can be transformed, deformed 

or distanced from the real conditions of effective use in 

the production process by professionals. 

The problem we encounter here is one at the same time of 

research .and of teacher training. On what is this proces

sing of decomposition recomposition based? What knowled

ge should occupy a privileged position? In point of 

fact, the fundamental question proceeds from the defini

tion of the referential framework from which stems the 

process of transposition. 

The reference chosen determines what knowledge will be 

taught. Even, if the constituted parts are common to two 

references, it is not the same knowledge or the same pro

cesses which are put into play in the classroom. For 

example, emphasis can be placed on an analysis of the 

work station as defined in industry (which is a commonly 

used reference in France), or a wider analysis such as 

professional activity in a specific section of produc-
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tion. In each of these situations, the knowledge acquired 

and the representation of the professional roles are dif

ferent. Thus the definition of the reference used is of 

prime importance because it determines what the students 

will learn. Still it is not easy to find an answer to 

that question because 

- One single good reference does not exist, 

- One reference does not permit the development of 

every point of view (all possible points of 

view) , 

- The definition of that reference is necessary to 

describe a class of problems and to limit the 

situations to be studied. 

The definition of that reference requires the elaboration 

of tools of theoretic and methodological analysis which 

are lacking at the present time (Chevallard, 1985; Marti

nand, 1986). Therefore, the reference used by the lear

ning institution is based more on the image the school 

has of the industrial world than on an effective and ra

tional analysis. 

So, the cross-over from the industrial world to the world 

of the school is not made in a way that is direct, imme

diate or natural. For that reason, the analysis of the 

process of transposition is necessary. That transposition 

is an interface between the two worlds. The construction 

of this interface is not automatic and has yet to be at

tained, calling upon input from other branches (ergonomy, 

psychology, economy, etc ... ). The real challenge is to 

constitute a scientific field which in France is called 

the didactical research. There already exist dialectical 

ties between the forward thrust of knowledge that the 

interface can produce and teacher training. In the imme

diate, the problem remains open. 

4. TECHNICAL OBJECT AND REDUCTION OF REALITY 

The continuing swing from the holistic approach to the 

specific one, and back again, in the industrial sphere 
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and the incapacity to clearly define a reference, lead to 

a reduction of technical problem and introduce different 

roles played by students. 

In one case, a simplified technical object is presented 

to the student with the technical difficulties of manu

facturating eliminated. The educational aim is to allow 

the student to succeed in making an object; and the 

"right" object is the one that the student can make ease

ly and understand completely. The technical object thus 

loses it technological significance. For example, the 

reasons for the creation of a technical tool and what 

problems it resolves are forgotten. In the same way, the 

use of new technology is just as caricatural : a C.A.D. 

program is used to produce diagrams of an "electronic 

system" tHat contains only one or two components. 

In the other case, the complexity of the technical object 

is maintained. But faced with the problems encountered by 

the students in designing and manufacturing the object, 

the teacher must cut down the process into micro-tasks. 

These micro-tasks can be approached, in a pedagogical 

progression, in one of two way : 

- Either the students complete several micro-tasks 

for which they have developped specialized know

ledge. For example, they could use tool machines 

along with a serious study of what is known about 

cutting speeds, resistance of materials, etc ... 

The complexity of the whole process is obscured. 

- Or, the students conduct the combined micro-tasks 

whose technical difficulties have all been remo

ved. The role of the student is reduced to that 

being a "button pusher" or their activities are 

limi ted to assembling components ("building mo

dels"). For example, the students might use an 

involved machine whose settings have already been 

made by the teacher. From the educational point 

of view, the unity of the process has been res

pected but technical knowledge has been ignored. 
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In the two cases, the difficulties inherent in the indus

trial production of a technical object and the technolo

gical significance of that object are hidden from view. 

What is more, there is a correspondance between the com

plexity of an object and the complexity of the technical 

tools which enter into its production. Obscuring the dif

ficulty stemming from the production leads to a weakened 

representation of the tools which are thus robbed of 

their specific function. 

5. CONCLUSIONS 

The mental representations students construct about in

dustry are based on the subject matter relayed and on the 

condition land methods used to relay it. It is clear at 

this time, that the references are poorly defined for the 

teaching of technology and that the choice of these refe

rences remains most often implicit. What is more, the 

focus on the technical object does not allow a grasp ei

ther of the complexity of the industrial process or the 

complexity of the knowledge put into play. The educatio

nal institution runs the risk of relaying a set represen

tation of industry removed from a social system capable 

of integrating technological innovations. In France, the 

problem of interface is neglected in the teaching of 

technology. It is necessary, nonetheless, to develop re

search into the didactic of technological instruction. 

With this perspective in mind, two poles of research are 

possible the analysis of the effects of solutions 

conceived in the framework of "didactical engineering" or 

the use of studies of the actual functionning of the pro

cess of transposition to find references that are, in 

reality, used in the educational institution. 
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THE STATE OF TECHNOLOGY EDUCATION IN THE RSA 

P. van Schalkwijk, Potchefstroom University 
Republic of South Africa 

Introduotion 

One of the features of the south African population is its 

heterogenity. Since the early fifties a policy of separate 

development was followed in the country. It soon became clear 

that this policy was counter-productive and failed in many ways. 

Economically the RSA cannot afford this policy any longer. 

Morally the policy is out of step with changes in the rest of the 

world. South Africa is now in a state of political change and 

heading for the so called "New South Africa". 

Economic realities ot the RBA 

The RSA has a highly developed primary sector (agriculture and 

mining). About 66% of exports are mining products. The secondary 

sector (construction and production) is also developed but there 

is much roo~ for improvement. The idea is often voiced that South 

Africa should concentrate ~ore on the production and export of 

value-added items, especially in the light of declining prices of 

raw materials. The tertiary sector (services) is also highly 

developed. 

Demographic trends 

The total population of South Africa is about 32 million. 

According to the official yearbook (1990) of the RSA the 

composition according to population group is-lE,7 pP~_ cent Whites, 

10,6 per cent Coloureds, 31 per cent Asians and 69,6 per cent 

Blacks. Nearly 90 per cent of the White, Asian and Coloured 

population have been urbanised and an estimated 40-50 per cent of 

the Black population. Black urbanisation is e~pected to 

accelerate in the ne~t few decades. 
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The Educationml system 

South Africa has a state-controlled and funded educational system. 

The expenditure on education is about 20 per cent of the national 

budget. The constitution provides for one uniform education 

system but various administrations and departments for all the 

population groups. 

In terms of the constitution, education is both a general affair 

and an 'own' affair. This means that decisions on norms and 

s t a ndards for the financing of education, salaries and similar 

general issues affecting all popUlation groups are taken by 

Parliament as a whole, and the overall responsibility is vested in 

the Department of National Education. At the same time the 

provision of education is ~he respons1bility of four d~partments. 

They are the Department of Education and Culture of the 

admin i stration of each House of Parliament (for Whites, Coloureds 

and Ind ians) and the Department of Education and Training (for 

Blacks outside the selfgoverning territories). The six self

governing territories have their own autonomous departments of 

education. In addition the independent states, Transkei, 

Bophuthatswana, Venda and Ciskei also have sovereign departments 

of education. 

White e~ucation 

The policy for school educa tion for Whites may be summarised as 

fOllows: compulsory educati on Gf a Christian and broad national 

character in accordance with the ability and aptitude of the 

p upil, but whith due regard to the needs of the country and 

society, and instruction through the mother tongue. 

There are four school phases, junior and senior primary, and 

junior and senior secondary, each lasting three years. In the 

senior primary phase (years 4 to 6) a great deal of attention is 

given to the teaching of the two official languages (English and 
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Afrikaans) mathe~atics, general science, geography and basic 

techniques (art and handicraft). In the junior secondary phase 

education is broadly based. Most subjects are compulsory. The 

subjects are much the same as those for the senior primary phase. 

In the senior secondary phase, the examination subjects for the 

senior secondary phase are divided into six groups: A - the 

official languages, English and Afrikaans; B - mathematics; 

C - natural sciences; D - third languages, foreign and African; 

E - social sciences; and F - additional subjects, including 

commercial, technical, agricultural, home economics, art, ballet, 

drama and music subjects, etc. Subjects may be taken on the 

higher, standard or lower grade. The following differentiated 

courses of study are offered: technical; commercial; 

agricultural; natural sciences; the humanities; art; 

economics and general. 

Coloured and Asian Eduoation 

home 

Education for the Coloured and Asian populat~on groups is much the 

same as for the Whites. 

Black eduoation 

From about 1904 until 1954 Black ect'..lcati c~ , 1-735 provided and 

controlled by church denominations a:1d speci u l sections in the 

whi te educational departments. The '~; <7 ;ltral government took over 

control of Black education in 1953. For the fallowing 15 years 

most of the effort was focussed on primary education, first lower 

primary and later higher primary education. The focus then 

shifted towards secondary, technical and adult education. There 

is stl1l a high drop-out at the end of the primary school phase. 

By 1988, more than 80 per cent of all Black children of school age 

in South Africa Vlere at school (abcut 76 per cent of them in 

primary school). The number of pupils in standerd 10 (year 12) 

increased from 1000 in 1955 to 142 000 in 1988. 
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Several programmes to expand and upgrade technical education have 

been launced since the early 1970's. At present, only 1 per cent 

of all secondary pupils are taking technically orientated courses. 

In order to correct this situation and reach an objective of 21 

per cent, a new system of career education is now being 

introduced. 

Technology in the sohool curriculum 

At the moment, no separate subject technology is included in the 

general secondary school curriculum in the RSA. In technical 

vocational education in the senior secondary phase some effort is 

made to teach stUdents the meaning of technology. In the subject 

'science', occasional reference ' is made to technology, but only in 

the sense that technology is applied science. There is, however, 

concern about this perception that technology is applied science, 

because it can lead to more scientific activity in stead of more 

technological activity in the country. 

Changes in the Education system 

During the past fifteen years, Black education was in turmoil. 

Black education was used as a political platform in order to bring 

about change in the political system of the country. A movement 

called 'peoples education' gathered ~omentum and slogans like 

'freedom before education' was widely used. The matriculation 

results of the Blacks are very poor. For instance, in 1990 only 

35% passed, compared to 98% of the h~ites. The facilities for 

Black education is also very poor compared to those of the Whites. 

Although there is movement towards parity, expenditure on White 

education is still about four times that of Black education. 

It is widely accepted that the educational system of South Africa 

should be changed in order to make it acceptable to all the people 

of south Africa as well as supplying the manpower needs of the 

country. However, the final educational system depends on the 
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outcome of the political negotiations. In the meantime, the 

minister of education, Mr. Piat Clase, has declared that there 

will be one educational system, equal financing for all and 

entrance requirements not based on race. 

In 1981 another serious limitation of the educational system was 

pointed out by the De Lange report. It stated that the South 

African educational system is mainly orientated toward academic 

education in secondary schools, with university training in mind. 

The report recommended that career education should be furthered 

and called this recommendation the 'heart' of its recommendations 

towards a new and more relevant educational system for the RSA. 

In 1988 the government appointed the walters committee with the 

duty to evaluate career education in South Africa and to make 

reco~endations to further it. 

One of the recommendations of the "lal ters cOllllIlittee was that a 

compulsory subject should be introduced in junior secondary school 

(years 8 and 9) in which the pupils should learn about technology, 

productivity and entrepreneurship. 

Last year the government appointed several committees to evaluate 

and ~ake recommendations about v a rious aspects of the educational 

system. As a result of the recommendations of these committees an 

oducation~l ypnpw~l strateoy will soon be announced by the 

government. 

Early in 1991 the minister of national education appointed 

sev ellLt:!8J1 fl:arne'lolOrk committee::; - one of thQIlI for th~ np..w "'Ilhj~ct 

'technology' - to develop policy and advise the minister on 

certain facets of pretertiary education, with the emphasis on 

rationalizing and ~aking the curriculum relevant. 
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6 

Diseussioh 

The South African educational system is now in a state of major 

change. But there is still a lot of confusion of exactly what the 

new educational system should look like. One has to anticipate 

,Jhat will happen in the political arena on the one hand, and what 

will be economically viable on the other hand. 

It is important that the school system should be sensitive to the 

needs of industry, but it should be borne in mind that the 

introduction of the subject 'technology' in the school curriculum 

is only a small, though important part of the solution of the 

problems of the industries of a country. I believe that the 

political and economic ideology of a government plays a far more 

vital role in the industrial development of a country. If 

education is seen as the horse and economy the cart and if 

I technology , is introduced into the school curriculum solely to 

serve the purpose of creating wealth, it is doomed to fail. The 

school can't be used to rectify probleT.s that actually stem fr~~ 

infer i o r economic and political policies of the government. 

South Africa experiences manpower shortages in the fields of 

natural sciences and toohnology <100 '.·Ii} are determined to sp<?",d :..:p 

industrial development in the country. This is one of the reasons 

why it is important to introduce the subject 'technology' i~to the 

school curriculum. It is, however, clear that a wide approach 

should be followed to acco~~odate the interests of all those who 

benefit from education, and not only t~e intere3ts of industry. 
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PATT-RESEARCH - PERSPECTIVE AND PROSPECT 

Dr. E.A. Bame, Virginia Tech 
United States of America 

When I was asked to make this presentation introducing 

Theme 2, "Research", the assignment included several things. 

First, to draw from my experiences in conducting the PATT-

USA research. Second, to pay special attention to 

school/industry relationships and industry as an element in 

the students' perception of technology and their attitudes 

toward it. 

The assignment was presented rather broadly and I chose 

to interpret it rather liberally, giving me great freedom in 

choosing my remarks. I will address the two topics as 

requested. But, I also will move into a third point which I 

will later refer to as future directions for PATT research, 

presented from a perspective gained from the PATT-USA study 

and from my work over the years in curriculum development in 

Technology Education. 

PATT RESEARCH 

I began by reviewing the proceedings of past PATT 

conferences held here in Eindhoven. In 1986 the pUblication 

titled, "What do Girls and Boys Think of Technology" was a 



compilation of the papers presented at the first PATT 

workshop held here in Eindhoven. (Raat and de Vries, 1986) 

Nearly all the presentations at this first meeting were 

devoted to the PATT research. Most of this work in these 

early days was in the form of pilot studies - research just 

getting under way. 

In the 1987 PATT conference, some broadening of the 

work began to occur. While much of the conference was 

devoted to reporting of PATT research, there were three 

presentations on research related to the work being done in 

PATT but not directly a part of it. More significantly, a 

large portion of the conference was devoted to presentations 

about curriculum in the study of technology. (coenen-Van Den 

Bergh, 1987) 

The PATT-3 Conference in 1988 continued this trend 

toward broadening of the PATT mission to include the study 

of education about technology. Clearly, the leaders were 

moving in the direction of a broad study of technology as a 

curricular component in the schools rather than 

concentrating strictly on PATT research. In this third 

conference, themes included making technology interesting to 

girls and the education of teachers for technology 

education. (Raat, Coenen-Van Den Bergh, de Klerk Wolters 

and De Vries, 1988) 

In 1989, The theme for the PATT-4 conference was, 

"Teacher Education for School Technology". Only four 

presentations at this conference dealt with the PATT 
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research. All others were focused on the preparation of 

teachers for the study of technology. (de Klerk Wolters, 

Mottier, Raat and de Vries, 1989) 

As we know, the format for these PATT conferences 

changed in 1990 with a smaller conference being held at a 

site outside of The Netherlands - in Kenya. The trend toward 

broadening thee mission of PATT continues here in PATT-5. 

with a main theme of "Technology Education and Industry" , 

only a small portion of the program is devoted to the PATT 

research. 

This now brings me to my point concerning PATT 

research. The work of this group is maturing and moving in a 

direction that is placing it in a position of international 

leadership. Led so ably by Jan Raat, Marc de Vries, Ilja 

Mottier, and many others, issues are being explored that 

will help move the profession of technology educators 

forward rather than allow us to languish in only one small 

area of interest. I think the leaders should be lauded for 

this leadership. 

But, let me hasten to say that there is still a need to 

continue the PATT research. The basic research into pupils' 

attitude toward technology must continue to provide us with 

better insight into the nature of the students we teach. 

We have only scratched the surface of understanding 

pupils' attitudes and concepts of technology. The PATT-USA 

study over the past two years and the work in Australia by 

the Braddocks, are examples of the expanding numbers of 
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countries where the research is being conducted. We need to 

continue to discover the attitudes and concepts of pupils in 

different countries. will it be similar to pupils in the 

more than twenty countries now involved in the research? 

will there be differences found in some of these countries? 

Our work in the united states suggests that some differences 

may exist among countries. At least, in the u.s. there 

appears to be some differences in the pupils' concept of 

technology. 

Comparisons need to be made between countries. A small 

start has been made in this as the results of the USA study 

and the work by the Braddocks in Australia are being 

compared. 

We need to expand the PATT research to include school 

populations other than the middle school (the 11 to 13 year 

old students). What are the attitudes and concepts of 

younger students, of older students, of adults, of the 

teachers who will be teaching the students about technology? 

This was suggested in by Mike Dyrenfurth (1989) in his 

remarks for the research theme presentations at the PATT-4 

conference. This was borne out in the PATT-USA research 

where some differences were found among the younger and 

older students included in the study. 

Also at the PATT-4 conference, Falco de Klerk Wolters 

expressed a need for what he called "effect studies". These 

are studies that explore the effectiveness of alternative 

programs and/or classroom activities. These include 
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programs for primary school children, and for teachers, both 

in pre-service programs and in-service programs now 

teaching. (de Klerk Wolters, 1989a, p. 307) As we study ways 

to teach about technology, we must include studies that tell 

how effective our work is. Are we accomplishing what we set 

out to do? Are we doing it as well as we want or as well as 

we can? 

The numerous PATT studies to date have shown that there 

are differences among students. Age of students makes a 

difference in how students perceive technology and their 

attitude toward it. Gender makes a difference. Boys and 

girls perceive technology differently. There appear to be 

social and cultural differences in the way youngsters 

perceive technology. How can technology be taught so that 

these differences are minimized? Should the teaching 

strategies be different for different age pupils? Should 

technology teaching be different for boys than for girls or 

can both be taught in the same classes? 

What do teachers think about technology? The rather 

informal study into teachers' attitudes toward technology 

included in the PATT-USA study suggested that it is 

important to understand how teachers perceive technology. 

If we are to adequately teach children about technology, we 

must have teachers who know about technology. A first step 

is to understand teachers' attitudes and concepts of 

technology. (Harrison, 1988 p. 485) Then we can more 

intelligently prepare teacher education programs. 
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TECHNOLOGY EDUCATION AND INDUSTRY 

The topic of technology education and industry presents 

some interesting problems as we continue to explore the 

content and methods of the study about technology. 

Technology Education in the United States is growing out of 

a program called Industrial Arts. It is obvious from the 

name, "Industrial Arts" that a major emphasis of this 

earlier program was industry. We in the united states put 

enormous effort into studying industry, what it was, how it 

worked, how people worked in it, and its effect on our 

society and our culture. 

But as we have begun to move to a study of technology 

there is some question of whether industry should be a major 

organizing consideration in curriculum development. The 

question that drives this school of thought is, "Isn't 

technology a larger, all encompassing phenomenon that is the 

focus of our study?" Certainly industry is a part of 

technology, but it is only a part. There are other parts of 

this thing we call technology that demand at least equal 

time with the study of industry. 

This suggests that there is less need to study industry 

now than in the past. Certainly it is not suggested that we 

ignore the study of industry altogether. Industry is a vital 

part of modern technology. But, we are moving away from an 

industrial society. This post-industrial era is being 

characterized as an information age and an age of service 

technology. This suggests that the study of industry should 
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be one of several areas of within the study of technology 

rather than the focus of our study. 

I believe the school programs that are developing here 

in the European countries may represent a more pure view of 

technology. This, as I see it, is a perspective that is not 

tied to the view of industry as the focus of study. 

Curriculum is derived from a detailed analysis of 

technology. These programs appear to be developing from a 

foundation of science, mainly physics, and have the 

potential of reflecting a more accurate view of technology 

in its totality. 

I think we in the U.S. have always assumed that 

industry was an inherent part of our study. After all, we 

were called "industrial arts" weren't we? This has caused 

us to be held back by the belief that industry was 

inherently the major focus of any technological study. 

But, as we develop an interest in technology as the 

foundation for our discipline, many scholars are trying to 

analyze and understand the nature of technology and to 

develop curricula that reflect this new view of our 

discipline. We try to understand the inner workings of 

technology. Our interest in problem solving as the method of 

technological study and the use of the content organizers of 

transportation, production and communication are examples of 

this effort. 

Thus, a fundamental question arises, "What is the role 

of industry in technology?" Is industry the major focu s of 
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any study about technology? Should the study of industry be 

limited to being just one element in the study of 

manufacturing? How much emphasis should be put on the study 

of careers in industry when we live in an information and 

service oriented age? 

Up until this point in the preparation of this 

presentation, I purposely did not read the abstracts of 

papers printed in the Pre-conference Book. I wanted to 

prepare my remarks before knowing what was to be said in 

these sessions. I will now shift my focus to comments about 

this conference, and in particular, to the up-coming 

research theme. 

As I reviewed the abstracts, there appeared to be some 

agreement with my previous comments. Several presenters 

hinted at a concern for the lack of a clear understanding of 

technology. This was carried over into a concern for a 

clear understanding of the place of industry-related studies 

in the Study of technology. Notable is the comment by Rod 

Custer (University of Missouri, Columbia, U. S.A.) when he 

stated that many scholars are confused about the meaning of 

technology. 

Reading of the abstracts seems to support the feeling 

that there is a belief that there is some inherent place for 

the study of industry as apart of any study of technology. 

This suggests that there may be need for the development of 

a clear understanding of what is meant by industry. Is it 

limited to manufacturing of factory activities? Or, can the 
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word industry be defined very broadly as it is used when 

talking about the banking or insurance industry? 

It also becomes obvious that views of industry are 

different among the various countries represented at this 

conference. While we all recognize the increasing influence 

of microelectronics on modern industry, the impact is 

different in many countries. 

In our modern culture boys and girls are brought up in 

environments that are technologically different. Boys are 

expected to do things that are man-oriented. Trucks and 

tools are given as early play things. At the same time, 

often in the same household, girls are expected to do things 

that are woman-oriented. The first toys given to girls are 

often dolls, sets of play dishes or doll houses. How often 

do you see a little girl given tools or boys given dolls as 

a gift? 

The view of technology as being primarily male oriented 

is commonly held. How often have do you see the kitchen or 

sewing room considered as being a technological workshop? 

But have you taken a good look at a modern home sewing 

machine controlled by microelectronics? What about the 

microwave oven that is so much a part of modern kitchens? 

certainly these female-oriented machines are good examples 

of modern technology though they are seldom viewed that way. 
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FUTURE DIRECTION FOR PATT RESEARCH 

This last section of my presentation will be in the 

form of a summary and the presentation of some of my views 

of the future direction of our work in the context of PATT 

research. As stated earlier, we must continue the basic 

research into pupils' attitude toward technology. We need 

to continue to develop an insight into our students and 

their understanding of technology. This could be focused in 

the areas of age and gender differences, or teaching 

techniques for students of all ages and experience. How 

effective are the programs we develop? Do they do what we 

want them to do and as well as possible? 

We need to continue to develop our understanding of the 

nature of technology. Just what is this very complex thing 

we say is the foundation of our discipline? It is only 

through this understanding that effective programs of 

technology education will emerge. 

In the United States, and possibly in other countries 

there is a growing interest among math and science educators 

to include technology as an integral part of the education 

program. We must make sure that we technology educators are 

an integral and contributing part of this movement. If not, 

we will find ourselves back in the basements of our schools 

doing crafts. 
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TRI-SCHOOlS-IMPlEMENTING TECHNOLOGY PROJECT 

G.J. Braddock, Education Department of South Australia 
Australia 

HISTORICAL BACKGROUND 

The Education Department of South Australia is divided into 

six AREAS - Western, Eastern, Adelaide, Northern, Southern and 

Central. Each AREA has its own administration to over-site the 

delivery of Education. Much of my teaching has been in the 

Northern metropolitan and country area of Adelaide. This area 

has a reputation for being a difficult set of schools in which 

to work. The area encompasses a wide range of working class 

f ami 1 ies, districts of Housing Trust settlements -government 

assisted house owners- many single parent families -with all 

the social and cultural problems associated with a very diver

se mix of cultures. The AREA extends into the wheat and mixed 

farming areas of Kapunda and Freeling to the newer developing 

suburbs of Tea Tree Gully and the hobby farmers of the Adelai

de hills. This group of schools -27 secondary and 171 primary 

schools- will grow on you as a teacher or ... !? 

Many teachers develop such a rapport with these students that 

they would not work any where else. Once the students accept 

you, they tend to take you to heart and will want you to stay 

in their school and are very upset to see you go. The wide 

range of problems, social -these students do not leave their 

social problems at the school gate, they become part of the 

school culture and must be confronted in the classroom-, 

cultural, delivery of the curriculum, survival of the tea

chers, resourcing the schools and ensuring a continual Trai

ning and development programme for school staffs, has involved 

the work of a team of 32 Advisers. 

I was very furtunate to have spent several exciting years 

working as a Technical Studies and as a Technology Adviser to 

the schools in this AREA. The challenges to support, develop 

Training programmes and to introduce Technology Education K-12 

across the curriculum was most rewarding. 

The Education Department of South Australia has been going 
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through a restructuring process during the past few years. 

This is to streamline the department operations, flatten the 

lines of management, and to make the System and its officers 

more accountable. Several enquiries were held and recommenda

tions tabled, one report recommended the removal of all "Sub

ject Specific Advisers". Hence my job was identified for 

removal. Schools have been given extra resources and are 

developing new ways of obtaining support and Training and 

Development for their teachers. The Technology School of the 

Future has been established at Technology Park, and is attrac

ting very large numbers of Teachers and students to its cour

ses and resources. Similarly Angle Park computing Centre 

provides support and courses in the Computing field. Each of 

these centres are now expected to be self funding and seek 

support from industry and now charges for each of their cour

ses. During my time as a Technology Adviser, I worked with 3 

schools which had identified Technology and its effects on the 

other areas of the curriculum, as their major priority for 

training and implementation during the next 3 years. These 

schools were Kapunda High School and its two main feeder 

schools, Kapunda Primary School and Freeling Primary School. 

These schools are situated approx. 60 - 75 km north of Adelai

de in the centre of a prosperous rural district. (Bear in mind 

that Australia is in the mids of an economic recession and 

that the rural industry downturn is effecting all of the small 

Australian towns very hard.) Kapunda has a history of mining -

during the 1860's- when a high grade deposit of cupper was 

found. As the ore body was depleted so the main stay of the 

district shifted to primary produce. All of the schools have a 

growing number of students from broken families and students 

from poverty. Hence the schools are needing to find new ways 

of resourcing and handling problems that are brought within 

the communities. 

To establish the project, I was able to work with the princi

pals, staffs and the communities to determine the broad outli

nes of the project and establish the framework for action. A 

needs survey was administered, and it was realised that more 



- 143 _ 

research needed to be done. 

After our visit to the PATT-4 conference in 1989, I was con

vinced that the PATT instrument would suit some of our needs. 

It was then that dr. William Dugger jr. carne to our rescue and 

we negotiated an across culture comparison. Hence the Tri

schools project developed an international flavour. After 

gaining all necessary approvals the project was launched and 

the hunt was on for a project co-ordinator. As my job as an 

Adviser had suddenly vanished, I applied for the position and 

gratefully accepted when offered the position. 

Only 0,5 of a full salary was available for the project, hence 

the two Primary Schools put together another 0,5 of a salary 

from their non-contact time allowance, to make the full sala

ry. This meant I had to take classes for half of the projects 

time. We turned this into a posi ti ve outcome, by presenting 

lessons ABOUT TECHNOLOGY, THROUGH TECHNOLOGY, WITH TECHNOLOGY 

and USING TECHNOLOGICAL LITERACY. 

THE TRI-SCHOOLS TECHNOLOGY PROJECT 

At the out set of the project, each school needed to establish 

their School Development Plans in relationship to the Educati

on Department Plans. Once written up and approved we were able 

to identify the area of strength and weakness within each 

schools curriculum. The high school felt that it fulfilled the 

Department's requirements, by providing a range of subj ects 

which could be loosely grouped together under the umbrella of 

Technology. However, as the project proceeded, it was found 

that the teachers were teaching to a required curriculum and 

were not employing the Technological Methodologies of Problem 

solving and decision making. In the primary schools I was met 

wi th a mixture of excitement and fear. By applying a needs 

survey and talking to teachers and students, it quickly became 

obvious that some teachers were teaching Technology and others 

had no idea as to what technology was, let alone teach it. We 

adopted two strategies, which helped to make teachers face up 

to their responsabilities to teach Technology and to change 

their teaching methodologies: 
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*I made sure that I taught the classes of the teachers 

who were most fearful of Technology, 

*I always set some work for those students to finish in 

their own time or in the next writing or drawing lesson. 

These strategies put Technology constantly in front of these 

teachers. The students were always enthusiastic, motivated and 

ready for my lessons. The rooms would be tidy and the students 

would have all their tasks completed so as not to miss out on 

TECH. Often, when set a task to do the students would want to 

complete it straight away -in the next time slot with their 

own teacher. Many teachers programmed a spare lesson immedia

tely after Technology -knowing that the students would not 

settle to any other task untill the set technology work was 

completed. We had many converts to the methodologies of Tech

nology during 1990. The students would say to their teachers 

"why don't you teach us like mr. Braddock?" Hence often I was 

asked "what are you doing and how?" So the students became a 

powerful tool in seeking to change teacher's practices. Tea

chers started to see the advantages of the Technological 

Methodology, and sort support and assistance . We developed 

several strategies to support teachers as they strove to come 

to terms with the methodology, new skills, new knowledge and a 

change in attitudes: 

*held several workshops and conferences, using other 

teachers to tell how they "got Started in Tech", 

*held conferences, using industry people to supply know

ledge and skills, 

*establish a weekly newsletter to staff, giving them up

to-date reading materials to support the training and the 

thinking, 

*arranged exchanges, for our teachers to visit other 

teachers who are already teaching Technology and using 

the methodology, 

*negotiated with interested teachers for me to come into 

their class, to teach the class with them in the room, 

assist in the planning of a terms work, arranging for 

resources -both material and human- to be on hand. 
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Above all other considerations, the teachers valued most -the 

fact that in their school was a so called expert that they 

could consult, check with, talk to and seek instant approval 

and help. The total lack of confidence and self esteem was 

evident in many teachers and administrators when the topic of 

conversation turned to Technology. The project did not have a 

large budget, namely my salary and what was available in the 

schools and their communi ties. Hence high Technology was out 

of our league. We used what we could find and tailored our 

requirements to appropriate and available technology. The 

teachers and I became very good at finding resources in the 

community and finding new ways of involving the community in 

the school. As teachers and administrators learnt more about 

Technology, so more of the school's budget was made available 

to the purchasing of smaller items of technological equipment 

or the three schools would put would out a third each towards 

the cost of some larger items. If you are teaching structures, 

it is surprising how much you can achieve by using scrap 

paper, tape and some various weights, -"a house brick?" By 

employing the technological methodology, the students will 

learn because they want to. HANDS ON - HEAD ON. Hence an 

environment was established in the 3 schools, which encouraged 

the staff to try technology, to seek new skills, new knowledge 

and to encourage and support them in becoming "Risk Takers" -
to try the new methodologies and have successes. 

So the scene was set for a remarkable year. 

A CLOSER LOOK AT TWO CLASSES 

CASE 1. A GRADE 4/5 CLASS 

A WOMAN TEACHER FEELING THREATENED BY TECHNOLOGY 

This teacher was new to the school, Freeling -a small school 

of 180 students and 8 teachers plus ancillary staff. She was 

unfamiliar with the early establishment of the project and 

wanted little to do with Technology. She was happy to have the 

non-contact time used to cover Technology. wi thin weeks of 
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arriving at the school she was starting to stay in her room 

whi 1st I took her class. Her students were very keen to do 

Tech with mr. Braddock and would never allow her to teach a 

lesson after Tech "Cause mr. Braddock wants us to finish this 

work!" Hence Technology and its Methodolog ies were enter ing 

her teaching area, no matter how hard she fought to keep it 

out, the students kept on raising technology issues in her 

lessons. The pressure -though subtle- finally made her so 

interested, that one day she found herself on the floor with 

the children, DOING Tech. Many discussions followed and the 

right question was finally asked, "how do I bring Technology 

into my classroom?" For her it was simple -we took a section 

of her practices with which she felt successful and made some 

small changes. The News time and Writing sessions that follo

wed where the vehicle for change. A table was placed in the 

room with a heading that read 'Technology objects table'. 

Students and the teacher were encouraged to bring in items 

that were Technological in nature; display them for one week 

on the table -seek information about how the item works, its 

history and why they thought it was invented. This encouraged 

exploration of the objects, using them, seeking other informa

tion and to communicate their ideas and thoughts. The class 

was taught to value each others comments and to share their 

new knowledge. The table was extended to allow for the rapid 

growth and range of objects. Students wanted to use them and 

then they needed to know how to spell the names of the parts 

and how to use the new words in their writing. The teacher 

established a spelling list, using words from the Technology 

table and we found -over time- that the students were looking 

foreward to spelling test day, because they now had a very 

good reason for needing to know how to spell correctly and 

take the language of Technology into their vocubulary. As the 

year progressed, so this teacher became more interested in the 

various technologies, the methodologies and sought information 

and support to try new ideas. She was instrumental in esta

blishing an across grade project based on transport. Two 

classes were involved -studying the transport needs of Free-
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ling, visiting Birdwood Mill- The National Motor Museum, 

investigating how a car works, building their own working 

models with Lego and from timber, and then powering the models 

with a wide range of energy sources -rubber bands, mouse 

traps, gravity, electric motors etc. The students had to 

define their own area of study, develop and investigate issues 

and problems, seek information, try ideas, modify and change 

the models so that they worked better and above all else -they 

had to document and present their findings. We used the Tech

nological Methodology developed in New Jersey and information 

from Mission 21, Blacksburg university. These methodologies 

and processes really work. We had one problem -the students 

did not want to stop. They felt in control and responsible for 

their own learning. There were many problems that occured 

during the year, but together we were able to: find a soluti

on, identify people to assist with solving the problem(s), 

obtain needed skills and knowledge, supply the supportive 

environment necessary for the teacher and class to feel secure 

while they tried new ideas. This teacher now feels skilled and 

confident to continue working with Technology across the 

curriculum. It will be interesting to evaluate the changes to 

her teaching methodologies and see if the changes are perma

nent. 

CASE 2. A GRADE 4/5 CLASS 

A MALE TEACHER, CONFIDENT IN THE WAYS OF TECHNOLOGY 

This teacher is the total opposite to the first teacher. He 

felt comfortable with technology, in particular the field of 

computing. Through his efforts each classroom had 2 or 3 

computers, which were accessible to the students during class 

time. Hence his students were very capable users of computers. 

During the needs survey conducted as part of the project, it 

was found that many of the female staff members were computer 

illiterate. Hence a programma was devised which enabled all of 

the staff to become computer users and hence encouraged to use 

the equipment more efficiently and conf idently. This teacher 



- 148 -

confidently ran the training courses and supplied the support 

and back up needed by the staff. By the end of the year all of 

the staff had basic computer skills and felt confident in 

teaching computing and word processing to their students. How 

often this happens, that the males own the technology skills 

and knowledge and the women feel very insecure and fearful of 

the process and equipment. This project highlighted this many 

times over and we were constantly working out strategies, 

training and development programmes to overcome this particu

lar problem. Many teachers were trained 15-20 years ago and 

received no training in science and technology -hence have 

been teaching the same way without questioning their practices 

for 15-20 years. This project succeeded in making many tea

chers confront the demands technology is placing on their 

teaching and to question why am I teaching this way. However 

when it came to teaching other Technologies, this particular 

teacher had a smattering of skills and knowledge, but heaps of 

enthusiam. He was eager to learn and try new ideas. Hence the 

need for support and idea generation was his highest priority. 

As the Project progressed so did the changes to his classroom 

management and methodologies. The students were keen to be 

involved in the hands on activities and showed the ability to 

organise their own learning. This teacher and his students 

learnt much during the year and it is hoped that the skills 

and knowledge will be carried through to other subjects and 

areas of learning. 

One of the biggest problems that came to light, in the pro

ject, was the need to develop the Skills of Relating to each 

other and working in a group. The interpersonal skills and 

abilities had to be taught. Expectations had to be developed 

and students had to practice these skills. The Reception to 

grade 2 related well to each other, but would parallel play. 

Grade 3-4 were better at sharing and communicating. The grades 

5, 6, 7 tended to be the worst performers -particularly the 

boys. Hence much work had to be done in this area. 
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PROJECT OUTCOMES 

Several teachers were very frightened of the implications of 

the project and would have nothing to do with technology and 

grudgingly went to the conferences and workshops. One teacher 

refused to have anything to do with technology and totally 

refused to recognise the need to include Technology into the 

curriculum. She would not allow her students to do technology 

work in her time and would not share her fears with others. 

However some understanding must have rubbed off, because when 

it was announced that the funding for the project was to be 

cut 2 years ahead of time, she became the most vocal in cal

ling for the retention of the funding. Others were willing to 

be part of the project and participated freely. I became the 

generator of ideas, assistant to the planning, supporter to 

the trialling and the listening post for the celebration and 

discussion of the less successful attempts. This was the 

biggest plus of the project. Having a captive "expert" on 

hand. When the Education Department releases its Framework for 

Technology Education and its Attainment Levels documents, then 

expects schools and teachers to implement them into the curri

culum -some form of training and development and support 

structure must be developed. This project has proved time and 

again the value of having accessible support for teachers in 

their classroom. 

Many teachers were concerned about the var ious resources and 

"where do I get the ideas". These three schools developed a 

neat network for sharing ideas and equipment. Several tea

chers, who drove past the schools, became transporters of 

equipment, books and materials. The ideas would start to flow 

after talking to me or to other teachers. We were able to 

develop a resource that was a collection of workable ideas 

that needed appropriate types of equipment. The Lego needed to 

be structured so that by the time the students reached grade 

7, they had not done the cards 4 - 5 times. So a sequence was 

developed which included the use of the various cards and a 

mixture of teacher and student developed problems. 

As uhe year progressed so the Techno logy Lessons became inte-
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grated into the other subjects. It was necessary to run a 

skills development programme parallel to the integration 

programme. students and teachers were instructed in the use of 

many tools, it is important that the correct and safe use of 

the equipment is very clearly taught to all students irrespec

tive of their age. As students saw a need for a skill, so the 

teacher would teach and allow time for the students to practi

ce the new ski Ils and knowledge. Hence, some lessons were 

devoted to learning new skills, whilst other lessons were 

using Technology to learn new knowledge. 

Towards the end of term 4 a Technology Fair was organised to 

show to teachers, students and the community, just how lear

ning can be fun, and how known skills and knowledge can lead 

you into new areas of learning. students were asked to: 

*design a package that would fall with a raw egg and 

protect it when the egg hit the ground; 

*design a car, powered only by gravity. Using the sup

plied launching ramp see how far your car can travel; 

*construct a free standing tower, using only pop sticks; 

*construct a ballon powered object. How fast, how far, 

and how high can your object go; 

* invent a machine, powered only by the air from a hair 

drier, to move a bolt weighing 500 grams. 

All the students tried all the activities and they had to 

present their findings and test all working models. Not one 

parent succeeded in winning an event. The lightest package 

which protected the egg weighed 3,5 grams. This was a most 

successful week, with many lessons given to designing, making 

and appraising. Much testing and modification to the various 

inventions occurred. The stUdents were in total control of 

their learning environment. When asked what they were doing, 

they could articulate exactly the processes they were using. 

Tell them that they were doing Maths, English, Science, Tech

nology, History, Social Studies, and they would not believe 

you. 

But Learning was occurring. 
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'TELL ME AND I WILL FORGET. 

INVOLVE ME AND I WILL REMEMBER. ' 

As the project developed, so the varying backgrounds of the 

children were highlighted. The manipulative skills of girls 

compared to boys became an issue when using Lego or other 

construction kits. The differences in social skills were 

evident when students were asked to work together. As the PATT 

research is showing that the attitudes are being set in the 

brain of students before grade 4, so this project was high

lighting the different ways our young people are being brought 

up . The project highlighted the difference between those 

students who carne from a horne environment rich in the resour

ces of Science and Technology. Many young girls do not have 

the option to play with construction kits and "dad's tools" 

and many young boys are not trained in the area of nurturing 

and caring, when playing with dolls and Teddy Bears. Hence 

many students corne to school, mirroring their parents and 

communi ty' s attitudes. If schools do not teach Science and 

Technology to all students at a young age, then we are not 

going to change old traditional attitudes to the type of work 

our boys and girls can do at a later date. This project showed 

the lack of manipUlative skills in many girls and demonstrated 

the lack of interpersonal skills in many boys. The team had to 

develop many strategies to improve the girls' fine motor 

skills and to give them a chance to practice new skills and 

new knowledge. Also the boys had to be taught how to share, 

co-operate, work together and value other peoples' ideas. 

(This is a generalisation; there were girls and boys who had 

developed these skills at horne.) 

As the year progressed so the demands that the Technology 

Methodology was making on the teachers and the curriculum, 

began to show up in the administration structures of the 

school. The time table had to become more flexible to allow 

time for students to practice their work, or to packup, or to 

arrange for work to be safely stored to dry. Teachers found 

that students would suddenly stop what they were doing to 

write down or draw an idea so they would not forget. The 
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students subconscious mind had been working on the problem. 

The need to find information took students to the Library, to 

adults and to the community. Several trips were made to vari

ous community based organisations e. g.: the local machinery 

manufacturer, the local museum, the Technology School of 

Future, old folks homes, Blacksmiths. One of the Kapunda 

Primary classes visited the Local Historical Museum and in

spected the items on display. They found that many of the 

displays did not have much information concerning their use or 

back ground. So they divided themselves into teams, selected 

an object and set about finding as much information as possi

ble. Using technology they interviewed the old people, hunted 

up the old news papers on microfilm, wrote to industry and 

generally sort all relevant information, photo's and paper 

cuttings. Then they set about producing a quality presentation 

to be placed in the museum near the original object. Talk 

about being keen Technology Historians. Hence the links be

tween the schools and the community were being forged stron

ger. 

Bill Dugger and Allen Bame were kind enough to send out to me 

their PATT Research paper and I applied the instrument to the 

students of the 3 schools. The results are being processed now 

and when r finally can send to the university of Blacksburg 

the demographic information of the 3 towns, we will be able to 

do a comparison across culture. I look foreward to seeing to 

comparisons. However I feel that it is time for us to look at 

more than just the attitude of pupils towards technology. It 

is time that we map what exists in the fields of teaching 

technology. Where are our strenghths, where are the weaknes

ses, where are the resources and how do we equitably teach, 

deli ver and resource Technology Education? Can we develop a 

research instrument that will enable individual schools, 

groups of schools or Education Departments to map what exists? 

This project has shown that the Attitudes Research Instrument 

assists in developing a good picture as to the attitudes and 

their development and points to some of the areas of strength 

and weakness, however to gain a better picture we needed to 
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identify what already existed. 

IN CONCLUSION 

During the short life of this project, several teachers took 

some significant steps in questioning their teaching practices 

and changed their METHODOLOGIES. In some cases the steps have 

been such that the change is on going; a reversion to their 

old practices is unlikely. For other teachers the experience 

has been such that the changes made will effect some of their 

practices, but old habits die hard. Yet others have been 

interested by-standers and the project will see no significant 

changes to their teaching practices. New skills and new know

ledge, concerning Technology in its wider forms has been 

learnt and will be put to some good use. However when Techno

logy makes demands on their teaching Methodologies, the sup

port for change will be long gone. The greatest winners in 

this project are the children, K 7, of the two Primary 

Schools. They have learnt new skills, developed new attitudes 

and have gained new knowledge and the ability to access know

ledge using technology. Their enthusiasm for the Technology 

lessons, their eagerness to accept responsibility for their 

own learning and their willingness to work after hours to 

finish work, or seek new information, bears witness to the 

success of Technology and the Technological Methodologies used 

during the project. The secondary school will need to take 

these SKILLS, KNOWLEDGE, and ATTITUDES into account as these 

Technological Problem Solvers come to their classes. 

These students show the abilities to enable them to: 

*become problem solvers, 

*become entreprising, 

*become informed decision makers, 

*become better seekers and users of information, 

*users of the Technological Methods in their lives, 

*better equiped to face the 21st century, 

*more confident in their abilities, 

*able to use and understand Technology and its place in 

their society. 
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As an American collegue has said: 

"1 would like to see these students, after 12 years of 

being taught this way, the world would be at their feet 

and they would be far better equiped to face the coming 

technological age." 

Can we deny our students their right to the best education 

possible? 
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AlTITUDES OF MIDDLE SECONDARY SCHOOL PUPILS IN 
PORTUGAL TOWARDS TECHNOLOGY 

A. Martins, Royal Danish Schoo' of Educational Studies 
Denmark 

1. Introduction 

In August 1990, a practical and experimental oriented two weeks workshop for 
INSET (In-service Teacher Training) of 30 Portuguese Physics and Chemistry 
teachers'supervisors with the theme "Energy, Radiation and Environment" was 
held in the Department of Education in the Faculty of Sciences of the University 
of Lisbon (DE-FCUL), Portugal, sponsored by the Portuguese Ministry of 
Education and the ERASMUS Bureau in Brussels. This workshop was organized 
by a Portuguese and two Danish teachers from DE-FCUL, Royal Danish School 
of Educational Studies (DLH) and University of Roskilde, respectively. 
A very positive evaluation from the participants pointed to the need for follow-up 
activities and communication both with the participants as well as with their 
trainees and students in the schools where they work, in order to evaluate the 
outcomes of the workshop and to develop further INSET activities within a 
programme relevant to their needs and interests. 

During the final written evaluation of the workshop, the participants strongly 
expressed a wish for other similar activities linked with new teaching technologies 
mainly in the field of Electronics and Computers applied to Physics teaching. 
To continue this programme, another workshop is being planned to be held in 
June 1991, where Electronics will be the central theme. A 'Teachers'Guide" and 
a "Students'Guide" are already prepared for that purpose. 
The main stimulus for this interest from the teachers arose from an activity called 
"The Electrification of a house" during which, most of the teachers, used 
for the first time soldering apparatus, nails, a hammer and other tools, different 
kinds of wires to make switches, fuses,etc, in order to teach the theory of electrical 
circuits during physics lessons to 8th and 9th grade students (13-16 years old). 

In Portugal both scientific and technological education have been neglected and 
need attention. Scientists and technologists need to be able to relate their 
disciplines to other aspects of their cultural environment. If this is probably being 
implemented more and more in the outside world , between universities and other 
research and higher education ins titutions and industry and the working 
environment, there is no reflexion of this movement in schools, in spite of the New 
Comprehensive Educational Reform Law of 1986. Though the new curricula has 
the best intentions in its aims , the curriculum development is inadequate both for 
attainning the objectives and aims and for adapting to the new developments and 
trends in science and technology education. I am not defending the idea that 
schools must just follow the economic and social development in society, but jf 
they do not cope with these developments, then we risk the failure of the general 
education of our students as the citizens of tomOlTOw. 

When compared with other countries in the EEC, such as the nordic countries, it 
is not difficult to identify in the Portuguese scientific and technological basic and 
secondary educational system, seven main marked differences 

1. the lack of "know how" 
2. the lack of equipment and resource materials in the schools in general 
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and in the laboratories in particular) 
3. the lack of experimental work (hand-on activities)l 
4. the schools are too separated from the working environment 
5. children are not being taught about the real practical world 
6. the enormous gap (diminishing now) in quality levels and educational 

opportunities between urban and rural areas 
7. the lack of an effective and efficient in-service teacher training and 

support programme and career stimulus , in spite of all the new laws 
that have been passed since 1986.2 

Reasons 1,2,3 and 7 were among the main objectives of the in-service workshop 
programme mentioned above and therefore it was hands-on orien ted in 80% of the 
time allocated for it. 
Three months after the workshop, together with the evaluation's results a 
Portuguese version of TAS ( Marc de Vries & Falco de Klerk Wolters), with 
instructions for application was sent to the 30 supervisors who attended the 
workshop in the summer of 1990. The reason for this choice was to identify 
students'attitudes to and concepts towards Technology in order to plan more 
efficiently a comprehensive in-service programme which could prepare teachers 
to respond to s tudents greater difficulties in understanding more clearly the 
concept of technology; its role in society; its links with science, manual skills and 
i ts interdisciplinary nature. Also, it was used to establish whether or not students 
were interested in technology. 
Why the choice of Electronics linked with the results of TAS, as a theme for the 
inservice activity? 
We think that it is both an excellent subject which can contribute to develop 
points 1,2,3,5 and 7, mentioned above, as well as to allow a rich discussion about 
the links between technology, science and socie ty and its pillars, energy and 
matter. Besides, being a completely new subject in Basic and Secondary Education 
with so many connections with our daily life, it could be an exciting motivation 
for promoting the learning of science through technology and a sound base to 
discuss the objectives of the new Physics and Chemistry curricula which are being 
tried out in some experimental schools during the current academic year. 
Practical work, no matter how motivating, is of no scientific relevance if the 
theoretical framework which it is embedded is not understood. By contrast 
technological activities are accessible to many levels . Much work can be done on 
and with electric circuits without being concerned with, or needing, any theories 
of electrical conduction. This theme contrasts with the thematic approach which 
can be made with "Energy" and though it is a good example to understand the 
difference between science and technology. Considering Technology not as a 
merely application of scientific knowledge, technologists are yet concerned with 

) In a recent research (Martins , A., 1990) on Portuguese physics and chemis Lry teachers, when they were asked 
about their main difficulties in dail y teaChing, 80% ans wered that it was the lack of experimental work ski ll s, lab 
equipment, time fo r preparation and keeping up-tO-date scientific, pedagogical and technological developments; as a 
first pri ority for in-service educat ion they pointed to Info rmalic and hands-on experimental actitivities. 

1 same as 2 

2same as 1 
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making use of reliable knowledge but it is learning how to make use ofinputlout
put characteristics of a system that matters, not the science responsible for those 
characteristics. This is probably a very "naive" and shy tentative to try to press 
the authors of the curricula to introduce the study of Electronics in the Middle 
Secondary Schools as part of general science education. 
Further on in this paper, the results of the TAS questionnaires show that this 
hypothesis could possibly prove worthy of consideration at this planning and 
decision-making stage. 

2. Technological Education in Portugal 
In Portugal as in many other countries, scientific education is almost absent in 

the Primary Education (6 to 10 year olds), very weak in Elementary Schools 00-
12 year olds) and mainly university and theoretically oriented in Secondary 
Schools (13-18 year olds), but has predominated over technological education. 
Until 1974, there were two kinds of basic education: after 4 years in primary 
school, at the age of 10, children had "to choose" to go to the "Liceus" or to the 
"Escolas Comerciais e Industriais". 
This apparent choice was from the beginning based on the social stratus or 
economic resources of their parents: the middle and upper classes sent their kids 
to the "Liceus" to go further on to the university; and the working classes or less 
wealthy parents sent their children to the "Escolas Comerciais e Industriais". This 
choice, probably with rare exceptions, was also linked with positive or negative 
correlations respectively, to the parents'ambitions of a better life for their children 
than theirs, when the "liceus" were close to their residence areas or because there 
wasn't any other school nearer. The separation of the education level and 
curriculum at this early age deprived children of the chance for equal op
portunities for the same education for all until 16 years old, as well as underlined 
the differences between social classes. Manual labour was regarded as an 
occupation for the lower classes and wherever labour is cheap and plentiful, 
mechanical inventiveness, innovation and speculation is discouraged. Tech
nological development was low but there were at least professionals in practical 
jobs like electricians, carpenters, mechanics, etc. 

After 1974, with the democratization Portuguese society brought about by the 
April 74 Revolution, one of the first strong and positive effects on the educational 
system was to unify education up to 18 years old (12 th grade), while maintaining 
compulsory schooling for the 6 to 12 year olds (6 th grade).3 
This decision, along with the abolishment of the "Escolas Comercias e Industriais" 
caused 
- an enormous demographic scholar explosion in the late 70's and early 80's, in the 
so-called then,"Escolas Secunddrias" or comprehensive schools but also 
- a gap in providing the students who finished compulsory schooling with an 
alternative to higher education and preparation for the working environment. 

In 1981, a research study made by a Portuguese sociologist (Pinto, Maria da 
Conceir,:ao, DE-FCUL), showed an enormous demographic school attendance 
explosion during the first 6 years after the revolution, but followed by a 

3 Only in October 1986, was the compulsory basic education established by a Comprehensive Educational 
Law, until 9'h grade (16 years old) 
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progressive regression because the parents, mainly those who lived in the 
countryside and who were agriculturists, very soon started realizing that 
- their expenses increased substantially, once there was no economical support 
from the state for accommodation and travelling expenses to the nearest school, 
in spite of compulsory education being free, and 
- after fini shing 6th or 9th grade their children had less qualifications to enter the 
working arena than before whilst they rejected agricultural labour and no 
alternative middle education was then available. 

Only recently, since 1989, is this situation changing with the creation of 
Vocational Schools as an alternative to higher secondary school education leading 
to universities as a follow-up to compulsory education. These schools are similar 
to the old ones with the fundamental difference in the starting age level which is 
now after finishing compulsory schooling (16 years old). These schools are run by 
a specific department for secondary education in the Ministry of Education called 
GETAP - "Gabinete de Educaqao Tecnol6gica" . After finishing two or three years 
of technical Ivocational education, the students can continue their education on 
Commercial, Industrial, Business, Turism, etc, High Schools with a diploma 
equivalent to a bachelor degree or a medium higher education. Those who which 
to continue can apply later on through a special exam to universities. Along with 
this reform, but independently of the Ministry of Education, the EEC has been 
developing since 1986 together with the Ministry of Labour and Employment, in 
all districts of Portugal, an extensive framework of technical, business, infor
matics, agricultural, etc, short courses for students of all ages, mainly for those 
who couldnot enter the private or state universities or any other higher education 
institution. But many of the young people who attend the courses and get their 
diploma, have nojobs available or compatible with the acquired qualifications due 
to a lack of planning of labour needs in the Portuguese society. 
The crisis in technological education was more acutely noticed as the great 
demographic explosion in secondary education brought an enormous fluxe of 
students to the universities due to lack of alternative options for further 
education, and the lack of sufficient private or vocational institutions. A strict 
"numerus clausus" was established in the universities due to the inability to 
admit such a huge number of students. For instance, in 1989 of about 90 000 
students who applied for university courses, only ca 32 000 were able to continue 
their studies. The other 65% had to choose private universities, not well 
developped yet, or wait another year or two to get a place in the universities. For 
those students who enter the university with the minimum lower grades, in most 
cases they have to attend courses which they have chosen as 4th

, 5 th or 6th option 
just to garantee their admittance to the university. This leads to a lack of 
motivation and interest, failure, continuous trials to change to the courses of their 
chOice, changes from university to university in different places in Continental 
Portugal and the islands of Madeira and A90res. This movement implies an 
inbalance in the working environment, unemployment for most of those young 
people who can not go on with their studies and did not have any kind of 
specialization. Also for those who finish their studies but find a lack of jobs in 
some areas whereas there is an excess of or no jobs in other areas where there is 
lack of specialized manpower. This situation also results in enormous social and 
economical problems for families and youngsters without jobs and with no 
possibility of going on with their education. 
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After 1974, with the establishment of the unified educational system, an 
obligatory and optional set of disciplines were created called "Technological Area 
or Education". This part of basic secondary education starts at the age of 10 (5'" 
grade) until 16 (9'h grade). Starting in the 7th grade, students can have disciplines 
such as Mechanicotechnique, Electrotechnique, Chemistry technique, Woodwork, 
Needlework and Textiles, Administrative Practices (typing), Art and Design, Music, 
Journalism, Health, Computer Science, Home Economics,etc. But, in spite of all 
these additional areas to the common core curriculum which comprises 6 to 9 
other subjects, the results were not as expected from this so-called technological 
education. As in many other countries the confusion between this kind of practical 
education and a real independent technological education, which as such does not 
exist in Portuguese schools, has to be considered. 

In a recent research study, published as a report by The "Gabinete de Estudos e 
Planeamento" (Bureau for Studies and Planning) from the Portuguese Ministry 
of Education in June 1988, by Camilo Mourao and Jose Rainho, called 'The Tech
nological Education in Compulsory Schooling", the main problems about the 
current organization of technological education are stated as follows: 

1. There are no institutionalized relationships between teachers of 
the three levels of teaching (Primary-l '- , Junior Secondary _2"' and Middle 
Secondary -3"(1 cycle of compulsory education) and in the same level of teaching; 
the school donat have even a specific place for meetings and those are not 
promoted by the competent authorities; 

2. Lack of interrelationship and logical sequence among the three levels of 
teaching; 

3. Lack of vertical and horizontal coordination among the programmes; 

4.The total absence of technological education in the primary education (4 first 
grades), mainly due to material, hUman and resources conditions as well as to 
lack of adequate previous planning of the school physical space for that kind 
of education{ lack of laboratories, workshops,etc)i 

5. The new programmes have no definition of concrete goals for each one of the 
three stages or cycles for compulsory basic education, nor suggestions or even 
an indication o f processes, materials, methods and resources to be used; 

6. Lack of coordination between the technological disciplines of the curricula 
and the other subjects in the curricula; 

7 _ In the 5
th 

and 6th grades, the objectives should be not only the development 
of observation and organization skills but also the development and implementa
tion of manual skills in general (in those two grades only four areas are 
approached: woodwork or metalwork, paper work, textiles and ceramiCS with lack 
cf basic knowledge about new technologies in these areas); 

8 _ In 7
lh 

and 8 ~~ grades the same kind of progranune as in the 5 and 6 t h grades 
is approached, which is the cause of non motivation and deslnterest of a great 
percentage of students; 

9. Lack of adequate equipment, economical resources in the school budget 
allocated to buy raw materials and tools for these disciplines, workshops, 
labocatocies, which implies a continuous impcovisation, making it difficult to 
plan more interesting activities. In disciplines such as Electro/ Machano/ 
Chemistry techniques and Health the classes are in 80 % of the situations 
theoretically oriented and with a cepetition of PhYSics, Chemistry or Biology 
lessons; 
10. Intecdisciplinarity is made based on "teachers'good will" 

11. Lack of an adequate teacher's education and training, low salaries of some 
teachers for these areas, lack of good working conditions for teachers; 

12. Lack of cornman time in the school schedule allocated to project and 
interdisciplinarity work as well as for planning and coordination of meetings 
among the technological area teachers and the other curriculum subjects 
teachers; 

13. Lack of sequence in teaching the same students during several years in 
order to follow their development, knowledge acquisition and needs, 
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1 4 . Lac k of books and schoo ls libraries resources; 

1 5. Lac k of connec tio n be t ween technology education and real l ife. 

The same report, besides other relevant considerations about several dimensions 
of the technological education, presents the results obtained from a survey of a 
sample of 861 7'\8'" and 9'h grade pupils (397 boys and 464 girls), which show 
very useful trends in the situation: 

a. there is cont inuity (64%) in their technological disciplines choice 
bet we~hn 7" and a'h grade , but there is no continuity (aO%) between a th 

and 9 grades; 

b . ao % of the students are studying o ne of their chosen options, but 
out of these, 22% wou l d have prefered their first choice and 20 % are 
staying in a complete diffe ren t option from their initial choice, 

c . The reasons they presented for not studying their chosen option 
were that : it was a decis i on of the school(11%), the s chool did not 
have the option they have c hosen (20%) and they did not know (13%). 
The remaining said that they had not been well informed about the 
alternatives, or that they had no more opt i ons to choose , or they 
liked to continue studying with old col l eagues, or the subject seemed 
easier through the "title", et c 

d. The level of usefulness was con sldered as high (35 % for 7'h and a" 
grades and 40\. for 9'" grade students ) or reasonable (62 %-7 ' h, a" grades 
a nd 46 % for 9 grade students) 

e. Correspo ndance between t he area they attended and their actual 
interest s: 

72 % of 7" / a '" grades said yes, but on l y 45 % for 9Lh graders 
22 % of 7th / a th graders and 55 % o f 9th graders said no 

Reasons f or having no correspondance: lack o f equipment, too 
theoretical approach . 

f.The things they liked doing best were: 
objects for personal use 93% 
integrated group work projects a3% 
interdiscipli nary work 45 % 
to do things , contact with 36 % 
new materials 
to do experiments 15% 

This report shows a thorough concern and analysis of the main problems which 
technological education is facing in Portuguese basic education. In spite of the 
study limitations mentioned in the report by the authors, we can notice some 
trends in students'opinions about their experiences with the "technological 
optional courses" which are very much in line with the findings of the answers to 
the "Technology Attitude Scale" in this paper. The theoretical approach to some 
of the subjects, the lack of continuity and appropriate materials, lack of 
technologically educated teachers, lack of physical space in the schools, lack of a 
complete availability to develop the full capacities and students'interests, do not 
diminish the students interest and motivation for "doing things" or finding these 
kinds of subjects useful for their education. 
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3. Methods 

Mter a translation of the english version of the Technology Attitude Scale (Falco 
de Klerk Wolters) and instructions for application, the questionnaires were mailed 
to 25 schools where the supervisors who had attended the workshop mentioned 
in the Introduction worked . The instructions sent to the supervisors for 
application of the questionnaires mentioned the need for an homogeneous 
explanation to the students who were at that moment in the 9th grade. 
The sample was not randomly chosen, but corresponded to the students of the 
whole population of physics and chemistry teachers'supervisors linked with 
trainees in the 5th year of their ini tial education in 6 universities in Portugal. We 
can say that those teachers were experienced and skilled teachers with an average 
teaching experience of more than 6 years and with an average age of 36. 

Quantitative statistics analysis has been performed using two different approa
ches: 
1. considering measurement as interval scales as in other TAS studies, t-test and 
Pearson Product-moment coefficients of correlations, factor analysis and standard 
scores comparison were used and applied to the calculations of mean global scores 
for each of the 10 TAS categories according to the indications given by Falco de 
Klerk Wolters in his article and 
2. considering measurement as ordinal scales, a X2 test and Kendall coefficient of 
correlation were used instead. The ordinal scales were defined for Part I -
attitudes towards Technology - with 3 values: high (positive) (1 and 2), undefined 
(3) and low (negative)(4 and 5) and for Part II - Concept of Technology - with two 
values: high(correct =1) and low (not correct = 0). 
Findings from process 1 is stated in the next section. 

Proposed methods for future research 

Due to some unexpected, limited and interesting results of this pilot study, it is 
intended to extend the study to a random sample of students with the same age 
and in the same grades as those in this study ,in all districts in Portugal, aiming 
not only at identifying attitudes and the concept of Technology according to sex, 
but also in different schools in rural and industrialized areas as well as in the 
coastal and interior areas of Portugal; the students social level through their 
parents occupation must also be considered, which in our opinion ought to be an 
important and relevant factor to be considered when attitudes towards technology 
are being studied. 
As we said previously, the sample in this study is not random so generalizations 
about Portuguese students can not be drawn. 
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4. The Findings 

A. Using parametric statistics 

4.1. The population 
From the 25 schools, 13 (50%) answered on time to enable analysis of the data for 
this conference. 
The results here correspond to a sample of 541 students from which 249 (46%) 
were boys and 290 (54%) were girls, attending in the current academic year, the 
9 Lh grade in cities or towns in 6 different di stricts of Portugal. 

The age levels were: 
13-14 years old 
15-16 years old 
17-20 years old 

258 
202 
79 

48% 
37% 
15% 

The differences in age levels for the same grade means that there is still a great 
drop-out rate among students in the compulsory schooling and it is possible 
(normal) to have students who have failed one or more years in the same grade, 
together with those who have not. Therefore, it can be said that the age group 13-
16 years old corresponds to those students who have not failed or who have 
started schoollatel' or failed only once; nevertheless we can not say that they are 
the best students but it is very likely that the greatest rate of good and average 
students can be found among this age group. 

Differences among the 3 age groups 

Age 
Variable 13-14 15-16 17-20 

INT 26.43 26.44 26.18 
SEX 18.43·· 20.62** 20.10 
CONS 24.06 23.91 24.18 
DIFF 25.10 25.19 25.9 1 
CURR 22.87 23.10 24.08 
CAR 26.09 26.22 25.80 
T&SOC 5.53 5.32 5.46 
T&SCI 5.54** 4.99** 4.68* 
T&SKILLS 5.93 6.03 5.82 
T&PILL 5.60" 5.39 4.91" 

.. significance .01)p').OOl 
* significance beyond .05 

Tests of significance were made and no significant difference among those age 
levels for all dimensions of TAS was found except: 

- 13-14 year old students understand better the relationship between 
Technology and Science and Pillars of Technology than their 15-16 and 
17-20 year old colleagues 

- 13-14 year old students show more positive attitudes towards Techno 
logy than 15-16 and 17-20 year old students in the sex pattern . 

- a significant difference was not found between the age groups of 15-16 
and 17-20 year old students. 
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4.2. Attitudes and Concept of Technology 

The following results refer to the total sample of students . 
The scores for each category in the questionnaire were calculated and the 
global results are shown in Tables 1,2 and 3. 

Table 1. Final Mean Scores in the 10 Categories of TAS for Attitudes 
toward Technology and Concept of Technology 

Dimensions of Technolo
gy 

I - I\TTITOUES TOWARD 
T ECHIJOLOGY 

1 . Interest In tech nology 
2. Pattern by Sex 
J. Technol ogy import ance a r.6 

con3equences 
4 . 01 fUcult y 1n school Tech 

no l ogy 
5 . Tec hnology I n the currlcL. 

1um 
6. Choice of c a rcers lin ked 

with techno logy 

I I . CONCEPT or TEC HNOLOGY 

1. Tec hno l oq y , Socte= y 

2. Techno l ogy & Sc1 ence 

3. Techno l ogy and Ski ll 5 

4 . Techno l ogy and Pillars 

Of '" 537; 0 . 5,. p }o-O . l 

Mean 

Girls 

28 .3;8 6 
16.2069 
24 .2966 

2 ' . 5287 

2'. 6810 

27.9446 

5 . 100 

4 . 8676 

5 .5363 

1 .9 103 

Boys 

21" ~OH 
23 . 3233 
23.7028 

26 .10'4 

21.33 53 

23. 9438 

5 . 83 47 

5 . 6 1 i 6 

6 . ,80, 

6 . 024 2 

." 0 . 01 "p,.O . OO l ••• p,.O .OOI 

F fac
tor 

1.03 
2 . • 3 
1 . 2 9 

1.31 

1 .1 3 

1. 31 

1. 05 

1.1 7 

1 . 29 

1. OS 

t-value 

- 7. J5 J.J. 
11. 82 ' .. 
- 1 . 56 * 

3. 12 ...... 

- 6. 2lH 

+4,63 " , 

+3. 17 H 

.5. 21' •• 

't5 . 63 -" J 

.Boys score higher in the concept of Technology appearing to be more know
ledgeable than girls mainly with what is related to the understanding that 
processes, practical skills and pillars are an important part of Technology . 

. Girls show more positive attitudes towards Technology than boys in the pattern 
by sex and in the difficulty in learning technology at school 

.Boys show more positive attitudes towards Technology in the interest about 
having technology activities outside the school, in having more Technology in the 
school curriculum and in the choice of careers linked with Technology 

.The differences between attitudes of boys and girls towards the consequences and 
importance of Technology for the world in general are of no significance. 

Speerman rank coefficient show no correlation between attitudes towards and con
cept of Technology (rs = .165, *-<.05 ). Some correlations were found among the 
different categories of the scale using Pearson correlations . 
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Table 3. Pearson product-moment coefficients of Correlations 
between the 10 dimensions of TAS 

I nt 
Se. 
Cons 
OU f 
Cure 
Car 
T, So 
T'Sc 
T'S'II 
T&Pll 

N- Sj9, 

ln t Se . Cons Ol f t. eY er c;' r T'"So 'f'''Sc nsk T'P.l 
1, 000 -. 188 1, 000 

11 9) ' . .025 9 1, 000 
.0525 .: 751 " .038 9 1, O~O 

349 " .C l06 1976 " .0Ul 1 t 0O-O 
· 18 1S -' _ . 0457 18 I " .0640 .61)6 ' . :, 000 

7S9" H6 1 <22 " _ .1I9~ " . . 278' " . 2991 " 1, 000 
_ . !812" _ . 0118 1393 " _ . C;80 ... t ~ l l " .l ll6' , . 3.4 0 " 1,000 

1112 " .0224 _ .1 467 " _ .061: _ .1613 " .n&." . 3240 " . 27) ) " 1,000 
_ .22 15 " • . 00 99 _ .0 912 _ . C65. _ .1864 " . 2091 " . 364]' , . 335 5' , . )33' " 1,000 
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· Students'knowledge about Technology is positiveiy correlated among the four 
dimensions of the Technology concept whilst this one have a negative correlation 
with interest in technological activities after school, consequences of Technology, 
having more Technology in the school curriculum and with the choice of careers 
linked with Technology. 

· Difficulty of Technology experienced as a school subject is negatively correlated 
with the understanding about the relationship between Technology and Society. 

· Interest in Technology is positively correlated with attitudes toward consequen
ces of Technology, having more Technology in the curriculum and the choice of 
careers linked with Technology 

· Difficulty is positively correlated with the sex pattern 

· More positive attitudes towards the importance and consequences of Technology 
for the world in general are positively correlated with the students'wish of 
having more Technology in the school curriculum and with the choice of careers 
linked with Technology 

The individual items analysis of TAS, the Portuguese students in this sample 
show as Concept for Technology: 

''T~;c1molt')gy i~ a CJ't"utiw llrocer-:-; IQ.8, mean ::,. ~91lh<1llnay U;,;(, 

l.' )I,ll:;. 'Q.2·2-m.~~;.),= . 75"Q.2i ! -'1lf.'<.n=.6;') I, n~"f.H)n.'e<i «(t.21 ,1,.iPa.n=.701 
lillk(·:d wich PhY"ic.~ l, q . 2 ;Q1i':~ta;;;.76) wh"i;:h ha~ a gn'::;I ~ idbt'nc(" on 
}.1 ",(IPl.f:'S ~\'ety da.v ):iff:: ! Q. '1 ;~-).n.f::<m .". ';-g .. Q. '.l f)-m.r~w l = . 2;1,Q . l S-mf:<'ll1=. 7;')'1 
;,1d can l'w cimi.r'iled hy m~m I.Q.20.m"i",n.:: .. 79) f,1; mak,o f.t,r lift'.' !'llr·,·(; 
l,'c.,\iuT.tahJ£- \.q.2;3,m.~<l; I",.8:1;. 

4.3. Factor analysis 
A factor analysis of these variances allows us to identify 3 common factors . The 
rotations of factors underlined this findin g. 

Most of the variances for the 10 variables - the 10 categories in TAS - is accoun ted 
for by these 3 coromon factors or new variables : 
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Emphasis in interest in having more Technology activities outside school 
and in the school curriculum with the choice of a career linked with 
Technology which we called here Interest in Iechnology 

Emphasis on the concept of Technology or A Theoretical Approach to 
Technology Education in Middle Secondary Schools 

The experienced Technology Education at school is not only for bright 
people as perceived by girls who considered themselves as able to perform 
technical jobs 

There is no conelation among the three variables. 

4.4. Comparison with Dutch standard scores 

The comparison is referred only to the age group of 13-14 year old students. 

4.4.1. 2nd Form Secondary General School in the Netherlands 
The comparison is made between attitudes towards Technology. 
Portuguese 13-14 year old students have similar attitude's means 
to Dutch same age students except that the Portuguese students 
have more positive attitudes towards Technology according to the 
sex pattern than Dutch students (the scores are below mean). 

4.4.2. 2nd Junior Vocational School in the Netherlands 

The Portuguese students of this sample have a correct but not 
very strong understanding of the 4 dimensions of Technology 
concept. An average of about 60% of the 13-14 year old students 
have the same score means as the Dutch students, except for 
Tec&Society category where ca 50% of Portuguese students are 
above mean. 

Relating to Interest , Sex Pattern, Consequences and Difficulty of 
Technology, an average of about 74% of 13-14 year old Portu
guese students have similar means to the Dutch students. 

5. Discussion and Conclusions 

The 9 'h grade students of this study have a range of age levels between 13 and 20 
years but 85% of the students are in the age level 13-16 which is the range 
accounting more for the general conclusions. 
It seems that students, boys more than girls, tend to loose some understanding 
about the relationship between science and technology and technology and its 
pillars like energy and matter over time. 
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Sex difference is well established at the age of 13-14, but younger students have 
more positive attitudes according to sex pattern. All students learn science and 
have optional technological courses at these levels and such a decline in attitudes 
reflects somehow a negative aspect of science and technology education. Gardner 
(1984,p.15) and Fairbairn (1984,p.265) mention in their articles a decline in the 
interest of students toward science and that science acquires a less masculine 
Image. 
Either through variance, correlations or factor analysis, an emphasis in more 
positive attitudes of girls than boys towards the difficulty and accessibility of 
technology at school had been found, in spite of a much lower interest of girls in 
technology and their low expectations in careers linked with technology. Taking 
the items formulation into account we can probably say that Portuguese Middle 
Secondary School girls in this study have a high self-esteem or maybe self
confidence in their abili ty to do technical tasks. Considering the items "Technology 
is not only for bright people" or "Boys know more about Technology than girls" 
to which boys say "yes" and girls say "no", or" A girl can very well become a car 
mechanic" to which boys say no and girls say yes, makes clear the conclusion 
mentioned above although it is not possible to say that girls find technology easier 
than boys. 

Nevertheless, in the analysis of TAS Part II - The concept of Technology - the 
analysis show clearly that boys are more knowledgeable about the all four 
conceptual dimensions of technology than girls, but the girls do not admit this 
possibility. At least, it seems that girls consider themselves as being as able or 
fitted to technology as boys. This is also the main significant difference between 
the Portuguese students of this study and the Dutch 2nd Form Secondary General 
Schools students: Portuguese girls have a more positive attitude toward 
technology than Dutch girls. 
Boys have a higher interest in having more technology outside school and in the 
school curriculum and also more positive attitudes towards careers linked with 
technology than girls do. Within the category Careers, it is interesting to notice 
that careers in technology are well considered but it is not very likely that they 
themselves will choose a job in Technology. This is significantly higher for girls, 
who, as members of the group of girls in general , consider girls as able to do 
technical tasks, whilst as an individual, they will probably not choose a job in 
Technology! 
The four conceptual dimensions of the concept of Technology are positively 
correlated for all students but boys show a significantly higher understanding of 
the relationships between Technology and its pillars, processes and skills needed. 
Nevertheless, knowledge about technology is negatively correlated with interest 
in technology outside and in the school curriculum or with technical careers. The 
more they know about technology the less the interest? Or, as factor analysis 
shows, the strongest theoretical approach to technology education in Portugal, 
keep students away from a further interest in technology at school and later on 
in the choice of careers linked with technology ? 
The relationship between Science & Technology is above the mean of Dutch pupils 
in 2nd Junior Vocational Schools, but it is the weakest conceptual area followed by 
Tec & Soc. In our opinion, one factor which can influence this low understanding 
of the relationship between science and technology is the way physics and other 
sciences are taught at school and also the overlap of curriculum development, 
mentioned in the introduction, between physics and chemistry and other sciences 
and the so-called "Technology optional courses" because of lack of resources 
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mainly in the latter. We mentioned previously that students in this study seem 
to loose understanding about the relationship between science and technology over 
school time. But it also seems here that that loss is greater in the Dutch schools 
than in the Portuguese schools. We expected a more correct concept from Dutch 
students who live in a developed country. Can we say that the higher the 
development, the weaker or the more difficult it is for students to clearly 
understand the boarders between science and technology? What is the role of 
technological education then? 
Independently of gender, the students in this study show a positive correlation 
between interest in technology and the consequences and importance of 
technology for the world in general, having more technology at school and outside 
school; ca 75% of 13-14 year old students have the same standard scores mean as 
the 2nd Form Secondary General Schools same age students in the Netherlands. 
Expecting that Dutch students have a better information and experienced 
knowledge about the consequences of a technological development, can we wonder 
about the role of science and technology education at schools when compared with 
the role of extrogen information through the mass media? 
Another interesting negative correlation is the one between Difficulty of 
Technology as experienced as a school subject and the understanding about 
Technology & Society: according to previous analysis we can say that boys have 
a greater knowledge about this relationship than girls while girls have more 
positive attitudes toward the difficulty attributed to Technology at school than 
boys or boys find technology difficult because of their knowledge of the wide range 
of relationships between technology and society. 

In some schools, the more positive the attitudes, the weaker the concept about 
Technology and vice versa, which can be seen as a controversial result. Neverthe
less, the fact that school results do vary, with s ignificant differences between 
atti tudes towards and in the concept of Technology, clearly indicates that schools 
can have an effect on technological education . But it is necessary to identify which 
factors produce those effects and to learn how to reproduce them in other schools. 
In this study, the schools with the most negative attitudes and low concept about 
technology are the schools situated in a coastal area where a paper factory has a 
tremendous negative impact on the surrounding populations and environment and 
3 other schools within very industrialized areas in the north and center of 
Portugal. The schools sample is very small and it is not randomly chosen, but this 
unexpected result induced future research methods to collect data toward the 
clarification of this finding. 
In the overall answers , boys show more consistent attitudes than girls who with 
higher frequency chose the answer "don't know ". 

Concluding, we can say that for these 541 9th grade Middle Secondary School 
students an emphasis was found in: 

1. Interest in having more Technology activities outside school and in the 
school curriculum which is related with whether pupils would like to 

have a technical job later 
2. The experienced Technology education at school is not only for bright 

people as perceived by girls who consider themselves as able to 
perform technical jobs 

3. The Concept of Technology or a theoretical approach to Technology 
Education in Middle Secondary Schools. 
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Comparing these findings with the report from the Portuguese Ministry of 
Education it is important to refer here to the absolute need for a more practical 
approach to technology education, creating and developing workshops well 
equiped in order to allow the students in the compulsory schooling to develop 
their manual skills and know-how to make objects for their personal use, to repair 
things at home along with a clarification of the distinction between science and 
technology and the implications of a technological development in their society. 
The school has to be regarded as an institution in a changing society. In this 
process of change which is being faced now in several dimensions including the 
democratization process, the school and society are seen as potentially acting and 
reacting upon each other, parallel to the reciprocity of technology and society. 
Portuguse students need to be helped in developing a more critical attitude 
toward technology through an experienced practice and knowledge. 
It is also important to give the girls in these levels and also before that, the 
opportunity and encouragement to transfer their high self-esteem and positive 
a tti tudes toward technology into action for an effective practice during their school 
technology and science education. 
The students'interest and usefulness that they find in their technological 
education are two important factors to start with a curriculum development 
relevant to their interests , innovative and adapted to real life problem-solving 
situations. Giving the students the opportWlity to choose the options of their 
interests and giving them continuity during the curriculum development through 
the 7th, 8th and 9th grades is the following step. 
Along with these recomendations , we can not finish without mentioning the need 
to keep teachers of technological subjects up to date with technological and 
pedagogical developments . They need to be introduced to hands-on activities 
themselves so that they can pass on these skills to their students. To develop 
written texts both for students and teachers is also of utmost importance. 

6. Implications for Teacher Education 

This research does not give many answers to the relationship between Industry 
and Education. Nevertheless, studying attitudes towards Technology is one of the 
starting points needed to plan science and technology teachers education. 
First of all, a clarification of a wide range of terms and concepts used in this field 
should be done, such as : Technological and Technical Education; labour 
market/working environment; the concept of Technology and Technology 
Education for developped countries and developing countries; ski.lled trade 
workers ; Technicians and Technologists , Industry and education - WHY, When, 
How. 

The links between Industry and Education must be seen on a broader context of 
General Education and In-service Teacher Training programmes. 
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A simplified illustration of the complex relationships between continuous 
education and the result of change in Science and Technology Education" 
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On a broader context, the planners of change need to consider the: attitudes, 
aspirations, strengths and constraints of the teachers envolved in the change as 
well as the physical facilities and resources needed to introduce and to implement 
change.Science and technology teachers education in-service programmes should 
be then planned in this broader context. 
"In the past, information was presented and it was expected that this would be 
sufficient to ensure appropriate performance and behaviour from the learners. 
Experience has shown that this was seldom correct. In the "technological era ", 
indeed, it is also simplistic to postulate that the mere acquisition of new 
information enables teachers or other professionals to carry out a variety of new 
tasks. ,,4 

The technical discussions of the eighties emphasized :" there is a need to define 
clear objectives of continuing education for teacher.9 for Science and Technology 
since, unless these are simplified, the planning of coherent programmes and models 
for INSET and their evaluation becomes extremely difficult". 

• WHO,1990 
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There is enough ideas about what and how to do it but very few about why to do 
it, at least from the point of view of the teachers . Specifically, if a group of 
teachers is envolved in the nature and implications of change, in feeling reasons 
for change and understanding how to respond (in this case, why to relate Industry 
and School), and if the proposa I is examined over a period of time in a non
threatning atmosphere, a favourable consensus is more likely to emerge. 
Acceptance of change depends on growing familiarity with new conditions, an 
essential ingredient of any major change. Adults as well as children learn best 
when study is perceived as relevaut to their personal interests and needs. 

"" Another interesting po~ is that "we algue that one of the reasons for the poor 
quality of teachers decision-making is that we suffer from the so-called tunnel 
vision : a direct result of the emphasis on specialisation in contemporary education. 
This condition is reinforced by tlte difficulty of mouing between sectors, e.g., from 
industry to the ciuil seruice or from commerce to education. -of, 
In education too we have a closed introspective loop. Very few teachers have 
experience outside the system in other forms of employment and ~is inevitably 
means that most teachers have relatively limited view of society as a whole. If the 
teaching profession itself is rigid. we cannot expect the teachers to stimulate and 
develop skills, aptitudes and self-confidence necessary to cope effectively with such 
a rapid change, mainly in developing countries like Portugal. 
Finally, economical aspects and government awareness of this complex links 
should be considered to situate injtial and continuous teacher training and schools 
equipment within the first priorities for the development of our society through 
a better quality of education of ()our children . 

5 Education 2000(1983) 
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THE An"ITUDES AND CONCEPTS OF TRINIDAD AND TOBAGO 
SECONDARY SCHOOL STUDENTS TOWARD TECHNOLOGY 

G. Prime, University of the West Indies 
Trinidad and Tobago 

The Trinidad and Tobago Education Plan 1985-1990 states that 

... AII students should be exposed to a programme of 
technological studies as an important component 
of general education (p. 140). 

It further suggests that the aim of such a programme should be to "enable 
students to acquire an understanding and an appreciation of our 
technological environment" (p. 137). Up to the present time however, the 
goal of exposure to technological studies for all pupils has not been 
attained. The forthcoming Plan <1991-1996) will place even greater 
emphasis on technological studies. 

Secondary schools in Trinidad and Tobago are basically of four types 
1. seven-year government assisted denominational schools 
2. government five or seven-year schools 
3. junior secondary schools 
4. senior comprehensive schools. 

The lowest achievers in the selection examination are placed into the 
junior secondary schools and after three years these students move into 
the senior comprehensive system, where they spend a further two or four 
years. 

Junior secondary students and some streams of the senior 
comprehensive system are exposed to some technical subjects but none of 
these programmes can really be regarded as meeting the a l": IIi [enabling 
st udents " to acqUire an understanding and appreciation of our 
techno logical enVlronment" <lnnidad and Tobago Education Plan 1985-1990, 
p. 137). For this reason a number of changes have been proposed. These 
include the development of a curriculum of General TeChnology for the 
first three years at secondary school for all students and the replacement 
of the specialised craft course by the new subject Craft/Design and 
Technology in the fourth and fifth years. 

One of the considerations that should inform curriculum development 
is the characteristics of the learner- the attitudes, knowledge,and 
capabilities of the pupils for whom the curricula are intended. 
This study addresses this consideration. Medway (1989) suggests that 

A well-founded technology curriculum also needs 
a base of knowledge about what pupils bring with 
them to technological tasks and experiences (p. 12). 

The study of the attitudes towards, and the concepts of, technology held 
by secondary school students is an attempt to build such a base for the 
development of a technology curriculum for Trinidad and Tobago. 

The literature from varied sources suggests that 
1) attitudes towards technology are moderately positive (De Klerk 

Wolters, 1988; Raat, De Klerk Wolters, De Vries, 1987; Balogun, 1988). 
2) boys have more positive attitudes than do girls <De Klerk 

Wolters, 1988; Raat et al., 1987). The exception to this pattern is in 
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Nigeria, where gender does not appear to be a significant factor affecting 
attitudes (Balogun, 1988). 

3) school type and home environment affect attitudes (De Klerk 
Wolters, 1988). 

4) there is a strong correlation between pupils ' attitudes and their 
concepts of technology (De Klerk Wolters, 1988). 

Problem Statement 

This study investigates 
(1) the attitudes towards technology, 
(2) the concept of technology, 
(3) the relationship between attitude and concept, for some secondary 

school students in Trinidad and Tobago. 

DESIGN 

Five hundred (500) secondary school students were chosen to respond 
to the PATT questionnaire. They comprised two hundred and fifty (250) 
third year junior secondary students and an equal number of first year 
senior comprehensive school students. The entire sample was taken from one 
of the eight counties in Trinidad. All junior secondary and senior 
comprehensive schools in the county formed the accessible population from 
which the sample was drawn. The junior secondary students were 13+ or 14+ 
years of age while the senior comprehensive students were 15+ or 16+. A 
total of four hundred and ninety five (495) responses were returned. 

Instruments 

The PATT questionnaire consisting of an attitude scale and a concept 
scale was used. The attitude scale consists of six sub-scales 
1. difficulty of technology 2. technology careers 
3 . consequences of technology 4. gender related aspects 
5. interest in technology 6. technology in the curriculum. 
The concept scale consists of four sub-scales 
1. technology and society 2.technology and science 
3. technology and skills 4. dimensions of technology 

The entire questionnaire contained ninety (90) Likert - type items. In 
addition there were six questions related to such background variables as 
sex, age, school and home environment. School environment was equated with 
exposure to technical/vocational subjects, while home environment related 
to parents ' occupation, exposure to technical toys and the extent to which 
technical tasks, ego repairs to appliances, were carried out by family 
members. 
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Data Analysis 

The instrument yielded a global score of attltude and one of concept 
of technology, as well as scores on all sub-scales. Cronbach's 
coefficient, alpha was computed for the total scale as well as for each 
subscale separately. Item-total correlations for each item were computed, 
treating each sub-scale score as the total. Means and standard deviations 
were computed for total attitude and total concept scores for the entire 
sample as well as for subsets of sex and school type. t-tests of mean 
differences were also computed between these groups. In addition, total 
attitude and concept scores were correlated with home and school 
environment using Pearson's Product-Moment correlatlon coefficient. 
Multiple regression analysis was used to determlne the contrlbutlon of 
each of the concept sub-scale scores on the total attitude variance. 

RESULTS 

Table 1 gives the means and standard deviations of total attitude 
scores for the entire sample as well as for various subsets of the sample. 

TABLE 
Means and standard deviations of total attitude score by sex and school 
~ 

Group Mean Std. Dev. n 

Entire Sample 2.960 0.384 495 
Jnr. Sec. Boys 2.876 0.262 115 
Jnr. Sec. Girls 2.889 0.529 117 
Snr. Compo Boys 3.015 0.306 135 
Snr. Compo Girls 3.056 0.384 106 

Note: 
Twenty cases could not be placed in any subset since these subjects did not indicate their SlfX. 

The statisticql significance of the differences in these means for 
the groups was investigated using t-tests. Table 2 gives these values. 

TABLE 2 
t-tests of mean attitude score differences between sexes and school types 

Group Mean Std. Dev. t-value 

All boys 2.9511 0.295 
-0.47 

All girls 2.9683 0.472 
All junior secondary 2.8862 0.416 * 

-4.22 
All senior comprehensive 3.0303 0.338 

*p< .05. 
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For this sample sex does not appear to be a significant factor 
affecting attitudes, while senior comprehensive students appear to have a 
more positive attitude to technology than their junior secondary 
counterparts. 

Attitudes were investigated in relation to two background variables, 
home and school environment. Table 3 gives Pearson Product-moment 
correlatIon coefficients between these variables. 

TABLE 3 
Pearson Product-Moment Correlation coefficients between home and school 
environment and attitude scores. 

r 

Entire Jun.Sec. Jun.Sec. Sen.Comp. Sen.Comp 
Sample boys girls boys girls 

* * * 
Home envir. .2483 .2948 .4471 .0425 .0729 

* * * * 
School env. .0935 .1842 .1525 .1326 .1574 

* p<'05. 
All relationships are significant for the entire sample and for the 

junior secondary subset. For the senior comprehensive group, girls' 
attitude is significantly related to school environment. 

Tables 4,5 and 6 present results of similar analyses as those shown 
in Tables 1,2 and 3, but this time the variable under investigation is 
concept score. 

TABLE 4 
Means and standard deviations of total concept score by sex and school 
~ 

Group Means Std. Dev. N 

Entire Sample 1.406 0.291 495 
Jnr. Sec. boys 1.381 0.257 115 
J nr. Sec. g i r Is 1.324 0.379 117 
Sen. Compo boys 1.460 0.249 135 
Sen. Compo girls 1.458 0.259 106 

Again, sex is not a significant factor affecting concept scores, 
while school type is. 
Table 6 gives Pearson Product-Moment Correlation coefficients between home 
and school environment and total concept score, for the entire sample as 
well as for the separate subgroups. 
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TABLE 5 
t-test of mean concept score differences between sexes and school type. 

Group Means Std. Dev. t-value 

All boys 1.4238 .255 
1.31 

All girls 1.3877 .334 
All jun. sec. 1.3544 .320 * 

-3.94 
All sen. compo 1.4565 .251 

*p< .001. 

TABLE 6 
Pearson Product-Moment Correlation coefficients between home and school 
environment and concept scores. 

r 

Entire Jun.Sec. Jun.Sec. Sen.Com. Sen.Com 
Sample Boys Girls Boys Girls 

* * * 
Home envir. .2199 .1013 .3461 .0816 .1772 

* * * 
School envir. .1028 .2719 .1601 .0432 .0755 

*p< .05. 
Intercorrelations between subscales and total scores of attitude and 

those of concept were investigated for the entire sample as well as for 
all subsets. For the entire sample, Pearson Product-Moment correlation 
coefficients for all these relationships were significant (p=.OOl). Table 
7 gives the coefficients between total attitude and total concept scores 
for the entire sample as well as for the subsets. 

TABLE 7 
Pearson Product-Moment correlation: Total attitude scores with total 
concept scores by school type and sex. 

Group 

Entlre sample 
Jun. sec. boys 
Jun. sec. girls 
Sen. compo boys 
Sen. compo girls 

r 

.450 

.380 

.613 

.227 

.302 

Again, all relationships are significant. 

Significance level 

.001 

.001 

.001 

.004 

.001 

The degree of linear dependence of attitude to technology scores on 
four independent variables was investigated using standard multiple 
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regression. The four independent variables were the four concept 
subscales: 

technology and society (CST SOC) 
dimensions of technology (CST DIM) 
technology and skills (CST SK) 
technology and science (CST SC) 

Table 8 indicates the portion of pupils ' attitude scores that would be 
generated if each of the four concept subscales were included in the 
equation. 

TABLE 8 
F-ratios for four concegt subscales 

Subscale B 

CST SOC .171 
CST DIM .141 
CST SK .118 
CST SC .159 

B=unstandardised regression coeff icient. 
Beta=standardised regression coefficient. 

on attitude score. 

Beta Std. Error r -ratio 

.180 .049 12.14 

.123 .061 5.31 

.112 .054 4.78 

.059 .047 11 . 18 

All these F-ratios are significant at p=.Ol and 4, and 490df. 
The null hypothesis that there is no linear relationship between the 

dependent variable, attitude to technology and the four concept of 
technology subscales is rejected for each subscale. ThiS suggests that it 
is worthwhile to explore the percentage of the variance on attitude, 
attributable to each concept subscale score. Table 9 indicates these 
percentages as they apply to the entire sample and to each subset. 

TABLE 9 
R2 change due to each concept subscale regressed on total attitude score 
for all groups. 

R2 change 

Concept Entire Jnr. sec. Jun. sec Snr. camp. Sen. camp. 
subscale sample boys girls boys g iris 

CST SOC .1404 .0746 .2820 .0698 .0701 
CST DIM .0317 .0846 .0391 .0006 .0105 
CST SK .0128 .0000 .03;59 .0000 .0054 
CST SC .0181 .0120 .0208 .0058 .0101 

When multiplied by 100, R' change gives the percent variance 
contributed by the subscale to the total variance in attitude ego for the 
entire sample 14% of the variance in attitude is attributable to the 
technology and society aspect of the overall concept of technology and 3% 
is attributable to the dimensions of technology aspect. 
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Item analysis of the attitude and concept scales revealed that the 
attitude scale had a considerably higher reliability than did the concept 
scale. Cronbach's alpha values, used as a measure of internal consistency, 
yielded values of .863 and .439 respectively for attitude and concept 
scales. Alpha values were also calculated separately for each of the 
subscales of both scales. Table 10 gives these values for all subscales. 

TABLE 10 
Alpha values for attitude and concept subscales 

Attitude subscale alpha Concept subscale alpha 

Interest .714 Dimensions .227 
Gender .657 Skills .200 
Career .655 Society .195 
Social consequences .578 Sc ience -.062 
Curriculum .562 
Difficulty .454 

DISCUSSION 

The form of the attitude questionnaire used in thls study was based 
on the revised version recommended by Moore (1987l. It was decided however 
that the difficulty subscale would be retained and that some additional 
items would be included in the social consequences subscale, since this 
study is a preliminary one and any modifications suggested by the findings 
would be incorporated in the proposed, more nationally representative 
study. Table 10 shows that the difficulty subscale had the lowest 
reliability. This is not surprising since the concept of difficulty of an 
object is one which arguably might be an aspect of one's attitude to the 
object or one's knowledge and experience, ie. one ' s concept, of the 
object. As such, respondents who perceive of themselves as having no 
experience of technology as a .school subject may not respond consistently 
to items dealing with difficulty. Three of the items in this subscale have 
very low item-total correlations. Item 4; (Gender subscalel -has a negative 
item-total correlation. This is in agreement with the findings of Moore 
(1987) who suggests that this item does not have face validity in this 
subscale and should be removed. No other item in the entire attitude scale 
has a negative item-total correlation. In general, the alpha values agree 
well with those reported by Moore (1987). Those of this study however are 
consistently, though slightly lower. The largest discrepancy occurs with 
the curriculum subscale and this is not surprising Slnce the respondents 
in this sample unlike those in Moore's, have no experience of technology 
as a school subject. These findings suggest the need to undertake 
modifications of the questionnaire, based not only on statistical data, 
but on considerations of the specific social and educational context in 
which it is to be used. 

The reliabilities for the concept questionnaire and subscales are 
very low. Claeys (1987) and van den Bergh (1987) report lower 
reliabilities for the f Ilf ff :ept questionnaire than for the attitude, but the 
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alpha values reported by these researchers are still higher than the ones 
obtained in this study. It is to be expected that the degree of exposure 
of students both in and out of school would determine their concept of 
technology and that in social and educational situations where this 
exposure IS small, responses of students are unlikely to be consistent or 
to reflect the adult perspectives of the concept. Perhaps free-response 
Items are more useful in investigating the nature of children ' s concepts. 
Such an investigation has been undertaken but constraints of space do not 
admit of discussion in this paper. 

Table 1 suggests that attitudes to technology in the sample are 
fairly positive. This finding is in agreement with most of the PATT 
researches (De Klerk Wolters, 1988; Raat et al., 1987; 8alogun, 1988). The 
attitudes of the older, senior comprehensive students are more positive 
than those of the junior secondary pupils. Analyses in this study do not 
allow for conclusions about whether it is the increased maturity of the 
senior comprehensive students or the fact that they receive greater 
exposure to technical subjects, that is responsible for this difference. 
It seems plausible that the latter variable is likely to be the 
determining factor since 8alogun (1988) found that age was not a 
significant factor affecting attitudes in his sample. Table 2 also shows 
that sex did not influence attitudes. This finding is also in agreement 
with that of 8alogun (1988). Tables 4 and 5 show that the pattern is the 
same for students' concept of technology, although here the concepts are 
rather poorly defined. This supports the findings of Rennie (1987) who 
suggests that both pupils and their teachers have ill defined technology 
concepts. The non-significance of sex as a factor in this study runs 
counter to the general trend in the research where boys have more positive 
attitudes and clearer concepts of technology. This finding needs to be 
analysed in more detail to determine whether it holds true for all aspects 
(subscales) of attitude and concept, but nevertheless underscores the need 
for locally generated research data on which to build curricula. 

Tables 3 and 4 suggest that the younger junior secondary students 
are more susceptible to home and school influences in the formation of 
their attitudes and concept of technology. For the senior comprehensive 
students, boys' attitudes do not correlate significantly with either home 
or school environment, whereas girls who are exposed to technical subjects 
have more positive attitudes. Senior comprehensive girls who have a higher 
technological input in their home environments have more dO!veloped 
concepts of technology. This latter finding is surprising since it is 
exposure to technical subjects in school that seems most likely to 
influence students' concept of the su9ject. It appears that on the whole 
the relationshi'p between home and school environments and technology 
attitudes and concept becomes less marked as pupils grow older and that 
such technology education as they now receive in the senior comprehensive 
school is not affecting their attitudes and concepts to any great degree. 

From Table 9, it is clear that the aspect of the concept of 
technology that has to do with its relationship to society accounts for 
most of the variance on attitudes, for the entire sample, as well as for 
all the subsets, except for the junior secondary boys. For this group, 
the dimensions aspect of the concept of technology accounts for the 
greatest portion of the variance. Overall, the proportions of variance 
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accounted for by the concept subscales is e)(tremely low. This may be 
attributable to the poorly developed concept of technology held by these 
students. On the other hand it may suggest that the other factors, ego 
societal influences, have a greater effect on pupils ' attitudes to 
technology, than does their concept of it. 

Finally, the findings of this study suggest the following 
conclusions-

1) There is a need for locally generated research data as a base 
for the development of technology curricula. 

2) The determination of pupils ' attitudes may serve at least two 
important functions- ie. as a needs assessment, leading to the 
design of appropriate curricula, and, by revealing those 
factors which affect attitude, give indicators as to how 
those attitudes might be enhanced. 

3) Given that the nature of technological activity varies so 
widely from one conte)(t to another, the PATT concept 
questionnaire, may have limited applicability in some 
contexts. 
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THE DEVELOPMENT OF SCALES TO MEASURE THE ATriTUDE 
TO TECHNOLOGY OF VOCATIONAL EDUCATION STUDENTS IN 

TURKEY 

Dr. J.L. Moore, University of Hull 
United Kingdom 
R.Songun 
University of Izmir 
Turkey 

We have identified a need for an instrument to measure the attitudes to 

technology of students during and at the conclusion of courses of 

technical vocational education in Turkey. The instrument could be used 

as part of a research study to help colleges and teachers identify 

programmes of study and teaching methods most likely to develop and 

sustain interest in a technical career. The requirement is for an 

instrument measuring several dimensions of attitude with particular 

attention to those concerned with a career in technology. 

On grounds of economy and speed of development it was decided to test 

Turkish translations of the Technology Attitude Questionnaire (TAQ) 

previously used with secondary students in the UK. Because the TAQ does 

not require knowledge or experience of technology it can be used with 

students on all courses. The TAQ scales were supplemented by asking 

subjects to rate a Job in Technology by means of 25 bipolar items. To 

provide an assessment of scale validities, respondents also answered 

seven items on their Reasons and eight items on their Motives for 

studying technology. 

In a trial with 120 technical vocational students, seven of the eight 

translated TAQ scales were shown to give valid and reliable measures of 

feelings about technology. An additional scale, TECJOB, derived from 

the bipolar items had an alpha reliability of 0.91. Although group 

sizes were small, five of the TAQ scales and the TECJOB scale identified 

statistically significant differences between the attitudes of students 

following different technical courses. 

We conclude the translated version of the supplemented TAQ is suitable 

for use in studies of the outcomes of technical education in Turkey. 



- 183 -

THE DEVELOPMENT OF SCALES TO MEASURE THE ATTITUDES TO TECHNOLOGY OF 
VOCATIONAL EDUCATION STUDENTS IN TURKEY 

1. Rationale and objective of the study 

The principal objective of the study was the development of a multi-scale 

questionnaire for the assessment of students' attitudes to technology. 

within the past decade there has been widespread recognition of the 

importance of vocational education as a component of a country's economic 

well-being. During this time Turkey has greatly expanded its facilities 

for vocational education and the numbers of students in training. This 

expansion of vocational education has been accompanied by a realisation of 

the need to retain trained manpower. 

It is important that students in higher vocational education should be 

interested in their studies and remain firmly committed to a career in 

technology during and after their course. For this reason there is a need 

for research to identify which programmes of study and teaching methods are 

most likely to develop and maintain students' interest in a technical 

career. Previous research in Turkish colleges and universities has 

confirmed the importance of attitudes both as determinants and outcomes of 

the higher educational process (Songun 1977, 1984). 

Therefore any study of the outcomes of vocational education will require 

one or more instruments for measuring students' attitudes to technology and 

a technological career. For maximum utility the instruments should be 

usable with students taking any of a wide range of vocational courses and 

should measure several dimensions (or components) of technology-attitude. 

The development of one such instrument was the objective of the study. 

2. The choice of attitude scales 

On the grounds of economy and speed of development it was decided to select 

attitude scales that had been used successfully in English medium, to 

reformulate these as Turkish language versions, and to evaluate their 

performance when used with a sample of students in a vocational school. 
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The attitude instrwnent chosen for translation was the Technology Attitude 

Questionnaire (TAQ). The TAQ has been used with students in secondary 

schools in the UK (Moore, 1990). Because respondents do not need any 

factual knowledge or experience of technology, the TAQ can be used with a 

wide range of students and courses. 

The TAQ has 74 Likert-type items covering eight scales; the names of the 

scales and a sample item from each are shown in Table 1. Each item is 

answered on a four-point scale, Strongly Agree, Agree, Disagree, Strongly 

Disagree scored 5, 4, 2, 1 respectively. Omitted items or unclear answers 

are scored 3. 

Scale name Sample item 

EMPLOY We need to use more technology in our factories 

FUTURE In the future nearly everyone will have something to do with 
technology 

SOCIAL 

CAREER 

SCHOOL 

Technology has done more harm than good. 

I should like to work for a firm that makes use good use of 
technology 

All pupils should have technology lessons at school 

SATISFACTION Solving a design problem gives me a feeling of 
satisfaction. 

LEISURE I should like to see more TV-programmes about technology 

THREAT The idea of a world that depends on technology frightens me 

Table 1: Scales and items of the Technology Attitude Questionnaire (TAQ) 

Because perceptions of a career in or connected with technology are likely 

to be a central part of studies of mature students in vocational education, 

it was decided to supplement the CAREER scale of the TAQ with a further 

scale. This asked respondents to rate "A Job or Career in Technology" by 

means of 25 bipolar descriptors. For each descriptor, for example 

Interesting and Not Interesting, respondents marked a scale from 1 to 7 to 

show their feeling about a technology job. 
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Further sets of items were included to help determine the validity of the 

scales. Respondents were asked to rate seven Reasons for studying 

technology and to give a TRUE or FALSE response to eight statements 

expressing degrees of Motivation for studying technology . 

Although the correlation of personal variables with attitudes was not a 

focus of the present study. some information about the sample was 

collected . This will allow other possible users of the scales to determine 

how far the test sample matches their own in terms of sex composition. age 

and principal study subject. 

Items for the TAQ scales. the statements for rating a job in technology, 

the personal data items. and the items for the assessment of validity were 

translated into Turkish under the guidance of the authors (RS). Some of 

his colleagues and graduate students were asked to read the translated 

items to confirm clarity of expression. 

3. Administration 

The questionnaires were answered by students at a post-secondary technical 

college in Western Turkey. In each class. half the students answered the 

attitude scales whilst the rest took part in another study. 

The normal class lecturer distributed and collected the questionnaires in a 

timetabled session. An administrator's sheet requested the lecturer to 

explain the questionnaire was not a test. all answers would be confidential 

and no name or other identifying information was needed. The percentage of 

omitted responses was small showing students had few problems of 

understanding the items and had answered carefully. 

4. Results: descriptive statistics of the sample 

4.1 Personal characteristics 

Table 2 shows that in the sample the male:female ratio was about 4.5:1. 

two-thirds of the students were under 20 years of age. and were taking a 

wide range of courses. 
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Sex Male 99 (82%) Female 22 (18%) 

Age profile 
Age (years) 
Number (N) 
Percentage 

18 
35 
30 

19 
40 
34 

20 
23 
20 

21 
11 

9 

Subject of study Group ID 

Air-conditioning and refrigeration 1 
Civil engineering 3 
Petrochemicals 4 
Electrical and electronic engineering 5 
Measurement and control 6 
Mechanical design & construction 8 
General technical programme 11 

+21 
9 
8 

Number of 
students 

11 
3 

19 
26 

9 
13 
43 

Table 2: Composition of the sample by sex, age and course of study 

4.2 ReSponses to the personal variable items 

Students were asked to indicate their interest in technical studies at the 

time of starting their course and how it had changed. 

Level of Initial interest (Relative) Present Interest 
N % N % 

Very keen 11 9 Much more interested 20 16 
Quite keen 17 14 A little more interested 46 37 
Neutral 67 54 About the same 24 19 
Not very keen 22 18 A little less interested 22 18 
I had to come 6 5 Much less interested 11 9 

Table 3: Summary of students' Interest in technical studies 

Although at the time of starting their course only one-quarter of the 

students were quite keen or very keen , 50% reported they had subsequently 

become much more or a little more interested in technical studies. 

Responses to the items based on Reasons and Motivation for studying 

technology are shown in Tables 4 and 5. 
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SA A D SD 
Rl To help get a better job 77 36 4 4 
R2 To be a better educated person 47 47 16 12 
R3 To understand everyday things 52 43 21 4 
R4 To help make friends 17 41 34 23 
R5 To meet interesting people 7 30 37 46 
R6 To fit into society 12 45 35 27 
R7 Provides opportunity to travel 12 38 26 42 

Table 4: Summary of responses to Reasons for studying technology 

An overwhelming majority of students Strongly Agree (SA) or Agree (A) that 

studying technology helps one to get a better job, be better educated, and 

understand everyday things (Reasons 1, 2 & 3). Students are unsure whether 

such studies help one to make make friends (Reason 4); the responses to 

this item are equally distributed about the mean. A majority of 

respondents are not of the opinion that the opportunities to meet 

interesting people, fit into society and to travel (Reasons 5, 6 and 7) 

justify undertaking technical studies. 

Ml Compared to other students, 

TRUE 
N 

I do more studying than most 47 
M2 I often think about the ideas 

from technology classes 83 
M3 I would move to another 

town to study Technology 81 
M4 On average I spend more than 

half my free time studying T 60 
M5 I am usually not very interested 

in my technology classes 25 
M6 I will try for a job that has 

nothing to do with Technology 21 
M7 I spend a lot of free time 

reading about Technology 41 
M8 Compared to my friends, I am 

more interested in Technology 50 

FALSE 
N 

38 75 62 

67 40 33 

66 42 34 

49 63 51 

20 97 80 

17 102 83 

33 82 67 

40 73 60 

Table 5 Summary of responses on Motivation for technical study 
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Responses to the Motive items show students' high level of interest in 

their courses. Two-thirds of students often think about ideas from their 

classes (M2), one-third spend a lot of free-time reading about technology 

(M7), and one-half say they spend more than 50% of their free-time studying 

technology (M4). Responses to statements M3, M5 and M6 also confirm the 

group's commitment to technology. At least two-thirds of the sample 

indicate they would move to another town to continue their studies, are 

interested in their classes , and intend to pursue a technical career. 

5. Derivation of the TECJOB scale 

Factor analysis was used to a nalyse re spondents' feelings about "A Job or 

Career in Technology" as expressed via the 25 bipolar items The analysis 

showed one s trong factor only , this accounted for 32% of the score 

variance. It was decided that 21 items with a loading above 0.4 to this 

factor were sufficiently homogeneous to form a single scale. Responses to 

these items were totalled to give scores on the TECJOB scale. Data for 

this scale are included in the sections below. 

6. Results: Data for the attitude scales 

6.1 Descriptive statistics 

The principal descriptive s tatistics for the TAQ and TECJOB scales are 

shown in Table 6. For all scales the mean score i s near the scale midpoint 

showing they could accommodate the full range of attitudes in the sample. 

The value of the internal consistency reliability (Cronbach alpha) is about 

0.6 for seven of the nine scales . This alpha value is acceptable for 

scales that will be used with groups . The low alpha value obtained for the 

SCHOOL sca le suggests either the i tems or the underlying concept are 

unsatisfactory. Informal discussion with teachers and students suggest the 

respondents were unsure whether "school" meant general secondary school or 

vocational school. For this reason and because the scale is likely to have 

limited utility with students already on a course of vocational study, it 
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will be omitted from future versions of the instrument. The alpha value of 

0.91 for the TECJOB scale reflects the large number of items in the scale 

and its derivation via factor analysis. 

N of Scale Range Mean StDv Alpha 
items Min Max (N=124) 

SCHOOL 9 9 45 37.02 4.30 0 . 451 
CAREER 7 7 35 26.74 4.50 0.625 
EMPLOY 11 11 55 42.97 5.29 0.525 
SATISFACTION 10 10 50 40.92 4.87 0.627 
FUTURE 9 9 45 35.81 4.85 0 . 612 
SOCIAL 11 11 55 43.52 6.38 0.671 
LEISURE 7 7 35 27.05 4.40 0.564 
THREAT 10 10 50 28.91 6.07 0.587 
TECJOB 21 21 147 117.01 19.82 0.907 

Table 6: Summary statistics of the TAQ and TECJOB scales 

6.2 Differences by sex 

When t-tests were applied to the mean scores of males and females, no 

statistically significant difference was found on any of the nine scales. 

This result accords with research on students' attitudes to science and to 

computers which has shown that in committed groups male and female students 

have closely similar attitudes and perceptions. 

6.3 Diffferences by Interest 

The sample was divided into two approximately equal groups according to 

current interest in their course compared with initial interest. Subjects 

who said they were now Much more interested or a Little more interested 

were placed in Group 1 whilst other subjects who responded About the same, 

A little less interested, or Much less interested were placed in Group 2. 

Although Group 1 students (those with more current interest in their 

course) appeared to have more favourable scores on all scales, t-tests 

showed the difference was statistically significant only for the scale 
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SATISFACTION. Because of the large number of separate t-tests used in the 

compari sons , it is probably unwise to pay attention to this single result. 

We conclude that students ' current interest in their vocational course is 

not significantly related to their attitudes to technology. 

6.4 Inter-scale correlations 

The uppermost part of Table 7 shows that nearly all inter-correlations of 

the TAQ and TECJOB scales are statistically significant and many are of a 

moderately high value. This pattern confirms that there is a close 

relationship between the concepts underlying the scales. They are all part 

of the broader concept "attitude to technology". 

SCH CAR E11P SAT FUT SOC LES THR TECJOB 
SCHOOL 603 461 518 549 453 562 361 
CAREER 457 554 498 490 613 213 466 
EI1PLOY 417 347 525 538 465 383 
SATISF 534 515 465 346 
FUTURE 432 485 283 
SOCIAL 497 507 403 
LEI SURE 236 340 
THREAT 166 

REASONI 315 235 174 166 187 237 219 
REASON2 254 400 355 282 197 372 297 228 302 
REASON3 196 256 345 312 213 321 196 172 
REASON4 154 296 230 
REASONS 197 276 321 178 209 201 
REASON6 294 181 235 371 251 367 186 
REASON7 167 198 

MOTIVI 169 149 164 
MOTIV2 238 470 330 258 203 241 416 201 161 
MOTIV3 231 396 172 302 202 225 257 195 
MOTIV4 
MOTIV5 424 635 362 385 429 406 509 364 
MOTIV6 352 444 359 26 1 223 388 401 352 
MOTIV7 202 329 161 298 213 
MOTIV8 291 200 170 

(Va lues not reaching 0 . 05 level of significance are not shown. 
N= 124 throughout. Decimal points omi tted) 

Table 7 : Corre lation coefficients of the TAQ and TECJOB scales 

Both the number and the pattern of correlations of the TAQ scores with the 

seven items Reasons for Studying Technology provide qualitative support for 



the validity of the scales. For example, the SOCIAL scale has significant 

correlations with Reasons 2, 3, 4 and 6. These reasons mention "better 

educated person", "everyday things", "friends" and "fit into society", all 

of which have a "social dimension" in harmony with the SOCIAL scale. 

The pattern of correlations of the TAQ scores with the eight Motive items 

gives further confirmation of their validity. For example, the item MOTIVI 

is significantly correlated only with the CAREER, LEISURE and TECJOB 

scales. These are the scales most likely to identify students with a 

strong inclination to study for a career in technology. The high 

correlations of M5 and M6 ';lith the CAREER, TECJOB and LEISURE scales 

indicate the validities of these scales. 

Item MOTIV4 (On average I spend more than half my free time studying 

technology) shows no significant correlation with any TAQ scale. We think 

it likely students did not know how to interpret "free time". With the 

benefit of hindsight it is evident the wording "out of college time" (the 

meaning intended) would have been less ambiguous. 

7. Discrimination between groups 

One feature of the present sample was the wide range of studies represented 

(see Table 2). Oneway analysis of variance was used to detect possible 

differences between the mean scores of groups following different courses. 

Unfortunately all the course-groups were quite small and only three met the 

criterion of 15 for the minimum group size necessary for this analysis. 

The groups were: 

Group 4. 
Group 5 
Group 11 

Petrochemicals 
Electrical and electronic engineering 
General technical programme 

19 
26 
43 

Five of the TAQ scales and also the TECJOB scale showed differences in the 

mean scores of the subject-groups. From a single study in one institution 

it is not possible to tell whether the failure to detect between-group 

differences on the SATISFACTION and THREAT scales is because of the absence 

of such differences or the failure of the scales to detect them. In 

support of the first alternative we point out that these two scales were 

not those with the lowest alpha reliability. 
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Scale Groups statistically distinct at the 0.1 level 

SCHOOL None 
CAREER 11 greater than 4 
EMPLOY 11 greater than 4, 5 greater than 4 
SATISFACTION None 
FUTURE 11 greater than 4 
SOCIAL 4 greater than 5, 11 greater than 5 
LEISURE 11 greater than 4, 5 greater than 4 
THREAT None 
TECJOB 4 greater than II, 5 greater than 11 

Table 8: Summary of tests on scales by subject group 

8. Summary 

A multiscale instrument has been used to measure the attitudes to 

technology held by students in a technical vocational school in Turkey. 

The low percentage of omitted responses and the internal consistency of the 

results shows subjects answered the instrument diligently and we can have 

confidence in the findings. Responses were analysed to show the 

reliability and validit,' of the scales and to indicate their potential for 

measuring the affective outcomes of vocational education. 

Seven scales in the translated form of the TAQ were found to be 

sufficiently reliable for group studies. An additional scale, TECJOB, 

measuring subjects' attitude to a job in technology had the high 

reliability value of 0.91. The scale was highly correlated with all the 

TAQ scales and, as anticipated, had the closest association with the scale 

CAREER. All scales had sufficient range to accomodate the full spectrum of 

attitudes present in the sample. On logical and empirical grounds we 

suggest the scale SCHOOL is not appropriate for use with students in the 

post-secondary phase of education. 

Results obtained with the scales are wholly consistent with prior 

expectation and previous research and so show the scales are valid measures 

of attitudes. In a further test of validity, students' responses to the 
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TAQ scales were shown to be correlated with those to appropriate statements 

about their Reasons and Motives for studying technology. Responses to 

these statements showed the high level of students' interest in their 

courses and a career in technology. 

The principal objective of the study was to develop scales for assessing 

the outcomes of technical vocation classrooms. In a test of their likely 

usefulness for this purpose it was found that six of the scales detected 

differences in the mean responses of students following different subject 

studies . This is a satisfactory result because the average group size for 

these tests was less than 30 students. 

We conclude that a modified form of the TAQ instrument, omitting the SCHOOL 

and adding the TECJOB scales , could be a reliable and valid aid for a study 

of the outcomes of vocational education in Turkey. 
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COMPARING ATTITUDES TOWARD TECHNOLOGY OF THIRD 
AND FOURTH GRADE STUDENTS IN VIRGINIA RELATIVE TO 
THBR EXPOSURETOTECHNOLOGY 

D.D. Dunlap, prof.dr. W.E. Dugger, Jr, Virginia Tech 
United States of America 

Technology plays an active role in the society in which we live. 
Postman ( 19 89) pointed out, "technology now controls everything from 
our jobs to our religion to our social and family values" (p. 9). Not 
one day passes without anyone of us coming in contact with some facet 
of technology. The elementary school setting is an intact place where 
students can experience, first hand, the role of technology in our 
society and begin making judgments about it. Unless children have 
some concrete ideas and/or perceptions of the technological world in 
wh ich t hey live, they will not be able to effectively fulfill their 
ro les as citizens, workers, an~ consumers. The man-made environment 
is possible through technological progress and human ingenuity. But 
do children recognize the limits of natural resources upon which 
numerous technological accomplishments have been made? Are they 
cognizant of past innovations that have made their lifestyle what it 
is today a nd what it will be like tomorrow? Do children appreciate . 
the accomplishments technology has brought to America and the frontier 
of space? 

When technology education is infused into the elementary school, 
c h ildren become involved in their technological world and explore the 
b e nefits and short-comings of technology in their world. Teaching 
strategies and learning activities that promote an understanding of 
technology (both good and bad) will help children comprehend, tackle, 
and solve problems for the 21st century. 

Es tablishing Technology Education In The Elementary School 

Technology education at the elementary school can make numerous 
c ontributions to the existing curriculum. Further support for 
integrating the study of technology into the elementary school is 
o f fered by Peterson (1986). He states, "The elementary school level 
is where the development of an essential understanding of technology 
should begin. Technology constitutes a universal element within all 
c u ltures and provides an important requisite for cultural survival" 
(p . 47). To further integrate the study of technology in the 
e l ementary school curriculum, Smalley (1986), reported "Technology 
education s hould extend into the elementary school ... if technology is 
to be adequately understood it will have to start in the elementary 
school as it relates to the man-made world" (p. 188). 

contributions to the development of technological literacy at the 
elementary school level, can be accomplished by researching attitudes 
towa rd t echnology among elementary school students. Goldman and 
Kap lan ( 197 6) concluded that "because of the importance o f t he issue 
of techn o l ogical change, it is important to measure attitudes toward 
technol ogy" (p. 1). 

xiss ion 21 

Beginni ng in the second quarter of 1985, the National Aeronautics 
and Space Administration (NASA) joined with the Technology Education 
Program at Virg i nia Polytechnic Institute and state University 
(VPI&SU) with a goal to expand technology education at the elementary 
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school level. NASA awarded a Graduate Student Researchers Program 
Grant to VPI&SU to develop a technology education elementary school 
program, initially for fifth and s ixth grades, titled MISSION 21. Not 
until August o f 1987, was funding received to expand teacher and 
~tudent material s for the third and fourth grade. The purpose of 
Mission 2 1 was to provide technology education materials for the 
elementary school curriculum. Mission 21 materials were infused 
through flexible problem-solving activities. Mission 21 activities, 
called "design briefs", were integrated with science, mathematics, 
social studies, language arts, health, and fine arts. Field centers 
were set up in the Commonwealth of Virginia to test the materials 
developed through the project.· Since 1985, Mission 21 has involved 30 
teachers and over 3,000 students in 15 schools throughout Virginia. 

The Mission 21 resource guide provided direction to elementary 
school teachers. Field test-site teachers used this information to 
facilitate the integration of concepts related to technology into 
their existing curriculum for £ll children in grades 3-4. Each test
site teacher was provided the opportunity for a Mission 21/Technology 
Education inservice. The strength of Mission 21 lies in the 
application of the problem-solving process to solve technological 
problems, fostering an increase in a student's technological 
awareness. The third and fourth grade Mission 21 project was 
separated into four themes that included: (a) Machines, (b) Discovery, 
(c) Community, and (d) Connections. 

The focus of this study centered around the effectiveness of the 
third and fourth grade Mission 21 resource guide on increasing the 
technological understanding of third and fourth grade students. The 
third and fourth grade Mission 21 resource guide was field tested with 
14 teachers in five separate schools throughout the Commonwealth of 
Virginia. 

How This study Came About 

Evaluation of the third and fourth grade Mission 21 project had 
been primarily subjective feedback from classroom teachers and Mission 
21 project staff. Professors, administrators, and classroom teachers 
have also reviewed Mission 21 resource materials for appropriateness 
and accuracy. Previous efforts of integrating technology in the 
elementary school have not measured student attitudes before or after 
experiencing technology education based activities. There has been no 
statistical data collected up to this point because the program has 
been in the developmental stage. Developing curriculum materials 
should involve the collection and interpretation of data. By 
analyzing the data, decisions can be made to improve curriculum 
materials. 

This study was significant because it was the first to compare 
attitudes of third and fourth grade students experiencing formal 
technology education instruction. The study also assessed the 
effectiveness of Mission 21 (treatment group) in providing students 
with a more positive attitude toward technology. One of the goals of 
this project was to help students become technologically aware of 
their world. Research is needed to make effective curriculum 
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d cisions when developing technology education curriculum for the 
e ementary school level. "To develop the education in technology, in 
such a way that it gives pupils a fairly balanced concept of 
technology , it is necessary to determine students' attitudes about 
technology " (de Klerk Wolters, 1989a, p. 3). Once this bench-mark has 
been established, technology education curriculum developers will have 
information to produce effective materials for the third and fourth 
grade. 

Research conducted on attitudes towards technology by de Klerk 
Wolters (1989b) found that "For education it yields the advantage that 
it offers a guiding framework for curriculum development" (p. 13). 
The work c onducted by de Klerk Wolters agrees with that of Koballa and 
Crawley (1 985). They stated that "attitudes are learned 
predisposit ions acquired over a period of time rather than being 
i herited t raits" (p. 595). To develop technology education 
curriculum materials for the elementary school, it is essential to 
identify s tudent attitudes about technology. According to de Klerk 
Wolters research on attitudes of pupils toward technology (1989a), 
"~ ittle research has been done in this field" (p. 3). This study will 
add research data to developing technology education elementary 
curriculum. 

statement of the Problem 

The purpose of this study was to compare third and fourth grade 
student attitudes towards technology relative to their exposure to 
Mission 21 (treatment and control) in selected schools in virginia. 

The Population 

The sample of this study consisted of 858 third and fourth grade 
elementary students attending urban, suburban, and rural elementary 
s chools (s ix differnt schools) in the Commonwealth of Virginia. Of 
the 858 t hird and fourth grade students used in this study, 459 
s tudents were in the treatment group and 399 students were in the 
control group. There were 412 boys and 446 girls in the sample. 

The Design of The study 

The treatment group of students in these elementary schools were 
e xposed t o between five and fifteen Mission 21 design brief activities 
over a p e riod of at least five months. The treatment for influencing 
s tude nt attitudes about technology was the third and fourth grade 
Miss i on 21 program. Students used in the treatment group were not 
r andomly chosen. 

The control group for this study consisted of those students not 
e xposed to Mission 21 design brief activities. These students were 
e ither t hird or fourth grade students, enrolled at the same school as 
the t reatment group students. As with the treatment group, students 
in t h e c ontrol group were not randomly assigned. 

The research design used for this study was quasi-experimental 
u sing the posttest-only design with nonequivalent groups. 
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Instrumentation 

The instrument used in this study was a modified version of 
Pupils' Attitude Towards Technology - USA scale. The PATT-USA 
instrument was developed in conjunction with the Technology Education 
Program Area at Virginia Tech and the Department of Physics Education 
at Eindhoven University of Technology in Eindhoven, Netherlands. The 
instrument's original form was intended for sixth through ninth grade 
students. However, to be applicable for third and fourth grade 
students used in this study, the instrument had to be shortened and 
reading level lowered. For this instrument to be useful with both the 
treatment and control groups, it was designed to be used with third 
and fourth grade students who had not been exposed to Mission 21 
activities. 

The modified PATT-USA instrument was titled "Student Attitudes 
Toward Technology" (SATT) Instrument. Before administering the SATT, 
six classes in three different schools not involved with the field
testing of Mission 21 materials were selected to field-test and 
validate the instrument. All three schools used to validate the 
instrument were of comparable demographic backgrounds, academic and 
age groupings, and socioeconomic status. The purpose of field-testing 
the instrument was not on l y to validate the instrument, but to watch 
students take the instrument to determine any problems associated with 
readability and teacher administration of the instrument. 

Analysis of the Data 

Analysis procedures included the calculation of descriptive and 
frequency statistics of the study, grade levels, and demographic 
areas. Further, factorial analysis of variance was used to determine 
any statistically significant differences, main effects, and 
interactions at the 0.05 alpha level. Cronbach's homogeneity 
coefficient alpha was employed to determine the reliability and 
internal consistency of student's Ideas of Technology Instrument used 
in this study. 

Analysis was conducted to describe the four independent variables 
(gender, grade level, treatment or control, and geographic area). The 
dependent variable in this study was student attitudes toward 
technology to study the relationships of the independent variables. 
Hypotheses were tested at the .05 alpha level. 

Pin4inqa of The Stu4y 

1. There was a significant difference in the main effect gender. 
Overall, girls had a more positive attitude towards technology 
than boys. 

2. There was a significant difference in the main effect treatment/ 
control. Mission 21 students had a significantly more positive 
attitude towards technology than students in the control group. 

J. There was an overall significant difference in attitudes toward 
technology in the main effect geographic area . 
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4. There was no significant difference in the main effect grade 
level. Overall, there was no difference between third and fourth 
grade students attitudes toward technology measured at the 0.05 
alpha level. 

5. There was a significant difference in the 2-way interaction of 
grade level by treatment/control. The interaction indicated that 
the treatment (Mission 21), had a greater impact on third grade 
students attitudes toward technology than on fourth grade 
students. 

6. There was no significant difference in the 2-way interactions of 
gender by treatment/control, gender by grade level, gender by 
geographic area, grade level by geographic area, and treatment/ 
control by geographic area measured at the 0.05 alpha level. 

7. The most frequent response reported from Mission 21 students to 
wha t technology means to me was, "technology solves problems". 
The next top three responses from Mission 21 students were, (2) 
How things are made, formed, or improved, (3) Helps the world to 
be a better place, cleans up pollution, saves nature, and (4) 
Learn how to invent things. 

8. The most frequent response from the control group to what 
technology means to me was, "I don't know". The next top three 
responses from students in the control group were, (2) It's 
science, (3) Related to computers, and (4) Electricity/ 
Electronics . 
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The following two tables (1 & 2) provide information regarding 
the means and standard deviations for the variable attitude toward 
technology and the analysis of variance report for the main effects 
and interactions used in this study. 

Tabla 1 

Means and Standard Deviations for The Dependent 
Variable Attitude Toward Technology 

Group Number Mean std. Deviation 

Treatment Group 459 19.38 2.54 
Control Group 399 22.28 3.31 

Boys 412 21. 45 3.47 
Girls 446 20.22 2.75 

Boys, Treatment Group 205 19.78 2.78 
Girls, Treatment Group 254 18.99 2.27 
Boys, Control Group 207 23.12 3.50 
Girls, Control Group 192 21. 45 2.87 

Third Grade 376 20.76 3.34 
Fourth Grade 482 20.90 3.04 

3rd Grade, Trt. Group 145 19.00 2.43 
4th Grade, Trt. Group 314 19.76 2.59 
3rd Grade, Ctrl. Group 231 22.52 3.34 
4th Grade, Ctrl. Group 168 22.05 3.27 

Urban Area 221 20.57 2.86 
Suburban Area 385 21. 58 3.12 
Rural Area 252 20.35 2.57 

Note: The lower the mean score, the more positive attitude 
toward technology. 
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Table 2 

Analysis of Variance Report 
AHOVA Table for Res~onse Variab1e:Attitude Toward ~~chnology: 

Source of DF Mean 
Variation Square 

Main Bffect 
GENDER 1 352.278 
TREATMENT/CONTROL 1 1252.657 
GRADE LEVEL 1 2.715 
GEOGRAPHIC AREA 2 92.161 

2-Way Interactions 
GENDER by TRT/CTRL 1 14 . 637 
GENDER by GRADE 1 21. 207 
GRADE by TRT/CTRL 1 51. 935 
GENDER by GEOAREA 2 .922 
GRADE by GEOAREA 2 17.747 
TRT/CTRL by GEOAREA 2 15.125 

ERROR 843 6730.225 
TOTAL (Adj) 857 8740.923 

GRADE = Grade Level 
TRT/CTRL = Treatment/Control 
GEOAREA = Geographic Area 

*p<.05 

summary 

F-Ratio Prob>F Effect 
Size 

44.12 0.0000* 4.03% 
156.90 0.0000* 14.33% 

.34 0.5597 
11. 54 0.0000* 2.11% 

1. 83 0.1757 
2.66 0.1031 
6 . 51 0.0108* .60% 
0.12 0.8909 
2.22 0.1089 
1. 89 0.1510 

7 . 98 

The purpose of this study was to compare student attitudes 
toward t echnology of third and fourth grade students in Virginia 
relative to their exposure to technology education . The research 
design was a quasi-experimental, non-equivalent groups posttest 
only design. The research methodology utilized was factorial 
analysis of variance. The four independent variables were 
Gender , Grade Level, Treatment/Control Group, and Geographic 
Area. The dependent variable was student attitudes toward 
technology. The results of the study provided evidence that both 
boys and girls who participated in the third and fourth grade 
Mission 21 project, did in fact, have a substantially more 
positive attitude towards technology than those students who did 
not. 

Many, many thanks go to the Mission 21 teachers and 
principals allover the Commonwealth of Virginia. Without your 
professionalism and cooperation, the Mission 21 project and the 
results thereof, could not have been obtained . A special thanks 
goes t o the Educational Affairs Personnel at NASA Headquarters in 
Washington , D.C., and NASA Langley Research Center in Hampton, 
Virgin i a . without the support of NASA personnel, this project 
would not have been poss i ble. 
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PATT-USA - A REPORT OF FINDINGS 

Dr. E.A. Bame, Virginia Tech 
United States of America 

The PATT-USA research was an outgrowth of PATT research 

begun in The Netherlands in 1984. Jan Raat and Marc de 

Vries, of the University of Technology in Eindhoven, 

investigated the attitude toward technology of pupils about 

13 years old in secondary general education. The concept 

thes~ students had of technology was also a part of the 

study. 

In the spring of 1988, Marc de Vries worked in the 

Technology Education Program at Virginia Tech to revise the 

existing PATT instrument so it could be used with middle 

school level students in the united states. 

The revision of the original instrument created an 

instrument for use in the u.s. that contained four parts. 

The first was a question asking the students to write a 

brief definition of technology. Demographic data were then 

gathered through the use of eleven questions. T'-.e final two 

parts were the main data-gathering sections of the 
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instrument. 

Students' attitude was assessed through a series of 57 

questions with a five-part Likert scale response. Six scales 

were used in this part of the instrument: 

1. interest in technology (Interest) 

2. technology as an activity for both boys and girls 

(Gender) 

3. consequences of technology (Consequences) 

4. perception of the difficulty of technology 

(Difficulty) 

5. technology in the school curriculum (Curriculum) 

6. ideas about technological professions (Careers) 

The fourth part of the instrument consisted of thirty

one items to assess the students' concept of technology. As 

in other PATT research, this section was organized into four 

scales: 

1- technology and society 

2. technology and science 

3. technology and skills 

4. technology and the "pillars" 

In earlier research, Marc deVries had identified four 

components of technology which he called the "pillars" of 

technology. These were matter, energy, information, and 

the raw materials of technology. (he called these raw 

materials the "pillars" of technology) 
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DATA COLLECTION 

Seven states were included in the PATT-USA study. 

Technology teachers were selected to participate from each 

of these states. Each was sent a packet of materials 

including sets of instruments and instructions for five 

classes. The teachers were asked to get the assistance of 

two or three non-technology teachers to assist with the data 

collection in that school. This was done to obtain responses 

from students who had no exposure to the technology 

education program in the school. 

RESULTS OF THE STUDY 

A total of 10,349 usable instruments were received from 

128 schools in the seven states. Of these 6,256 (60.9 %) 

were boys and 4,013 (39.1%) were girls. Frequency 

distributions of the number of student responses within each 

state are presented in Table 1. Over 67 percent of the 

students responding were ages thirteen to fifteen. Over 

twenty-five percent of the respondents were in the seventh 

grade with nearly half in grades six, seventh and eighth 

grades, the grades found in the typical middle school in the 

united states. Over half of the respondents were in the 

ninth grade or higher. This occurred because a number of the 

schools where the data were collected were junior high 

schools or high schools which include grades above the 

typical middle school. 

Technological climate in the home was assessed by 

asking questions dealing with the nature of the father's and 
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mother's jobs, the presence of technical toys, technical 

workshop and a computer in the home. These findings are 

presented in Table 2. 

Over one half (59.6%) of the students felt their 

father's jobs were technological in nature while only 32.2 

percent felt their mother's jobs were technological in 

nature. A majority of the respondents indicated a presence 

of technological toys in the home, and 33.1 percent said 

there was a workshop in the home. Nearly half (46.9%) said 

there was a computer in their home. 

Student interest in a technological profession was 

determined through the use of three questions. (see Table 3) 

When asked if they would choose a technological profession, 

nearly half (49.4%) responded positively. Only 24.7 percent 

of the students indicated a sibling in a technological 

profession. 

A large majority of the students (76.8%) indicated they 

were enrolled in an industrial arts/technology education 

course. This was expected because the technology education 

teacher was the principal person conducting the surveys. 

CROSS COMPARISONS ON DEMOGRAPHICS 

Comparisons were conducted to determine relationships 

between demographic and general student characteristics. 

Comparisons of gender and student characteristics and home 

environment are presented in Table 4. A significant 

relationship was found among gender and all demographic 

characteristics studied. A significant relationship was also 
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found between gender and the responses on all the 

technological environment questions. The boys perceived 

their home as being more technologically oriented than the 

girls. 

Boys tended to rate their father's jobs as being more 

technological in nature than did the girls. Similarly the 

boys perceived their mother's jobs as being more 

technological in nature than the girls. The boys also 

viewed their home environment as being more technological 

than did the girls. It can be concluded that gender does 

make a difference in the way students view their home 

environment and their interest in a technological 

profession. 

The attitude and concept factors in the instrument were 

analyzed to determine if the demographic characteristics had 

any effect on the students' attitudes and concepts of 

technology. Boys indicated a greater interest in technology 

than girls. Boys also rated technology as having a more 

positive consequence than girls. Even though the boys 

exhibited a more positive attitude toward technology, they 

also perceived technology as being more difficult. 

The girls viewed technology as being an activity for 

both boys and girls to a greater extent than did the boys. 

But boys appeared to be more knowledgeable about technology 

than the girls. 

The general interest in technology was significantly 

greater for the older students. There was no direct linear 
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relationship, though, between grade level and the view that 

technology is an activity for boys and girls. The older 

students did tend to view technology as being more 

difficult. The sixth grade students tended to view 

technology more negatively. 

The extent that the fathers' job had to do with 

technology was related to the students' attitudes. students 

who felt their fathers' job had "very much" to do with 

technology indicated a higher interest in technology than 

those students who felt their fathers' jobs had "little" to 

do with technology. Similar results were found for students 

who rated their mothers' jobs as having "very much" to do 

with technology. If the mothers' jobs were considered as 

having anything to do with technology, then their children 

had a better attitude toward technology than those who rated 

their mothers' as having "nothing" to do with technology. 

The existence of technical toys in the home had a 

significantly positive impact on student attitude toward 

technology. Having a technical workshop in the home 

appeared to have less effect on student attitude toward 

technology than the presence of technical toys . As with 

technical toys, students living in homes with technical 

workshops scored higher on the concept scale than did the 

other students. 

The pre sence of a computer in the home had some effect 

on attitude . However, those having personal computers 

viewed technology as being significantly more difficult than 
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those who did not have home computers. 

Exposure to Industrial Arts/Technology Education in the 

school made a significant difference on all attitude scales 

as well as the concept scale. The effect was positive with 

the exception of the scale, "Technology as an activity for 

both boys and girls". Those who had not taken the classes 

viewed technology as an activity for both sexes to a 

significantly greater extent than those who had taken the 

class. Those who took the classes displayed greater 

knowledge about technology than those who had no exposure to 

the classes. 

INTERNATIONAL COMPARISONS 

In countries where PATT studies have been carried out, 

similar instruments have been used. The methodology also 

has been comparable. Item scores have been combined into 

six scale scores of: Interest, Role Pattern, Consequences, 

Difficulty, Curriculum and Career. Though some differences 

between the scales can be found, global comparisons can be 

made. 

It was expected that the international comparisons 

would help validate the u.S. results and that the results in 

the u.S. study would be similar to those from other 

industrialized countries. It also was expected that the 

comparisons would give an insight into the position of the 

u.S. with respect to students' ideas about technology. 

The countries in which PATT studies have been done and 

the number of students in each sample are shown in Table 5 . 
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The attitude scale scores for nine PATT studies are shown in 

Table 6. 

In most of the studies the concept items have been 

grouped into the four scales (society, science, skills; and 

the "pillars" developed by de Vries). It is clear from the 

table that the U.S. study varied considerably from the other 

countries. Statistical grouping of the scales in the U.S. 

study resulted in all items being grouped in one scale 

rather than the four scales in other studies. Thus, only 

one scale score is given for the U.S. study. 

Overall, it is clear from the data presented in tables 

6 and 7, that the results of the U.S. study are quite 

comparable to other PATT studies. The students in the U.S. 

are interested in technology. Differences were found 

between boys and girls. Boys exhibit more interest in 

technology than girls. The U.S. students, as pupils in 

other countries, think of technology as a field for both 

boys and girls. Girls seem more convinced of this than 

boys, though . Students in all the countries recognize the 

importance of technology and its consequences for society. 

As in other countries, there was a positive influence 

of a parents' profession on student attitudes. It also was 

found that the concept of technology held by U.S. students 

improved with increasing age. In general, the U.S. students 

were rather strongly aware of the importance of technology. 

It should be noted, as mentioned above, that the U.S. 

students had a rather low score on the concept items 
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compared with other industrialized countries. This was 

indicated by the fact that the student responses could not 

be organized under the four scales but, appeared as one 

scale incorporating all four of deVries' concept scales. 

The students have a weak concept of technology, though they 

seem to be well aware of its importance and they are 

interested in it. From this it was concluded that 

Technology Education in the U.S. is faced with a challenge. 

There appears to be a need to broaden students' concept and 

make them aware of the various characteristics of 

technology. 
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Table t 
Frequency Distributioll of Number of Students within each State 

n % 

Distributioll of schools by state (II = 128) 

VA 20 15.6 
NJ 15 11.7 
WI 15 11.7 
OH 34 26.6 
OK 9 7.0 
FL 14 10.9 
UT 21 16.4 

Distribution of respolldellts (11= 10 .349 ) 
VA 1805 17.4 
NJ 1266 12.2 
WI 1152 11.1 
OH 2736 26.4 
OK 608 · 5.9 
FL 1072 10.4 
UT 1710 16.5 

Gender of students (n = 10,269) 
Male 6256 60.9 
Female 4013 39.1 

Age of studellt (11 = 10,185) 
12 or younger 1743 17.1 
13 3046 29.9 
14 2708 26.6 
15 1149 11.3 
16 or older 1539 15.1 

D,istribution of students by grade level (11= 10,/08) 
Sixth 886 8.8 
Seventh 2536 25. 1 
Eighth 1462 14.5 
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Table 2 
Techllological Climate ill the If orne 

Category N % 

Extent Father's Job Has To Do With Technology 
(N =9944) 

Very Much 2679 26.9 
Much 3252 32.7 
Little 2674 26.9 
Nothing 1339 13.5 

Extent Mother's Job Has To Do With Technology 
(N=9713) 

Very Much 1190 12.3 
Much 1937 19.9 
Little 3237 33.3 
Nothing 3349 34.5 

Technical Toys in the Home 
(N = 10,269) 

Yes 6182 60.2 
No 4087 39.8 

Technical Workshop in the Home 
(N = 10,228) 

Yes 3388 33.1 
No 6840 66.9 

Personal Computer ill tile Home 
(N = 10,282) 

Yes 4822 46.9 No 5460 53.1 
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Table 3 
Interest ill Techllological ProJessioll 

n % 

Chose a technological proJessioll? 
Yes 4984 49.4 
No 5107 50.6 

Siblings ill a teclzllological proJessioll 
(n=/0,J73) 
Yes 2513 24.7. 
No 7660 75.3 

Taking industrial arts/tecllllOlogy education? 
(11= /0,/95) 
Yes 7826 76.8 
No 2369 23 .2 
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Table 4 
Cross Comparisons of Gender \Vitll Student Characteristics 
alld Ii ollie Environment 

Uoys Girls 
n % n % 

Age 
1201' younger 827 13.39 911 22.94 
13 1662 2G.91 1370 34.50 
14 1700 27 .52 1003 25.26 
15 854 13.83 290 7.30 
1601' oluer 1134 18.36 397 10.00 

Gradc in school 
6th -1(,( 7 .. 11 421 10.70 
7th 1291 21.04 1231 31.28 
8th 826 13.46 632 16.06 
9tll anu beyond 3559 57 .99 1652 41.97 

Exlellt falher's job has lo 110 with tedUiology 
Very Illuch 1701 2X.07 %2 25.03 
Much 2029 33.49 1212 31.54 
Little 1610 26.57 1054 27.43 
Nothing 719 11.87 615 16.00 

Extent mother's job has to do with tedlllology 
Very much 773 13.08 409 10.89 
Much 1256 2[.2.'5 674 [7.94 
Little 19G8 33.30 1253 33.35 
Nothing 1913 32.37 1421 37.82 

Do you have teclmical toys at homc'! 
Yes 3865 62 .13 2290 57 .24 
No 2356 37.87 1711 42.76 

Is there a teclmlcal workshop III your home'! 
Yes 2184 35.15 1189 29.98 
No 4030 64.85 2777 70.02 

Is there a persollal cOIllPuter III your home'! 
Yes 3109 49.86 1689 42.24 No 3126 50.14 2310 57.76 

Do you thillk you will choose a tcclmological professloll? 
Yes 3639 59.44 1324 33.76 No 2483 40.56 2598 66.24 
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Table 5 
Number oJ Pupils ill tile Samples 

Girls Doys Total 
(1/) (1/) (II) 

Pola ntl (I) 321 
Polantl (2) 370 308 678 
Kcnya 244 
U.K. 173 
1 lid ia 276 349 625 
JLaly 2R1 285 566 
Nigeria 200 103 203 
Australia III 101 212 
France 122 112 234 
Denmark 73 79 152 
Mcxicu n 115 213 
Thc Nethcrlands (I) 1042 1427 2469 
Tllc Netllerlands (2) 1021 1029 2050 
Tile NelllcrlulIlls (3) 697 560 1257 
UclgiulII 97 93 190 
USA 6256 4013 10,349 
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Table 6 
Boys' alld Girls' Scores 011 tlte A ttitude Scales 

Role 
IlItCI c~1 I':tltern Consequence L>lfliculty Cu rriculum Coreer 

U.K. !loy. 2.) 2.6 2.4 2.4 2.6 
Olrls 2.9 2.0 2.6 2.7 3.1 

Fr.n~ Doy. 2.) 2.3 2.5 2.7 2.6 2.7 
Olrl. 2.7 1.8 2.6 2.6 2.9 3.1 

Denmark lIoy. 2.3 2.1 2.5 2.R 2.6 2.S 
Girl. 2.7 1.8 2.7 2.8 2.8 1.8 

nelglum Doy. 2.J 2.8 2.J 2.8 
Girls 2.7 2.2 2.S 2.4 

The 1I0y' 2.J 2 . ~ 2.J 2.J 
Nethe,I.,,~s Olrls J .U 2.2 2.6 2.2 
(I) 

The Boy. 2.J 2.0 2.J 2.J 2.1 2.0 
Netherlo"ds Gil I. J .O 1.6 2.4 2.4 2.6 2.6 
(2) 

The 1I0y. 2.1 J . I 2.2 2.9 2.9 2A 
Nethe,I."d. Olrl. 2.1 1.9 2.S 2.9 J . I J . I 
(J) 

I'ol.nd 1I0y. 2.1 J .O 2.J J .O 2.8 2.8 
Girl. 2.7 2.8 2.1 3.0 2.8 3.1 

USA !loy, 2.S 2.J 2.0 2.7 
Girls J .O 1.7 1 .1 2.4 
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Table 7 
Boys' and Girls' Scores Oil COllcept Scales 

Tech . & Tech. & Ted\. Tech. Total 
Society Sciences Skills Pillars Score 

Ilelglum Uoys .48 .34 .80 .49 .53 
Girls .40 .32 .HH .42 .51 

Tile Iloys .50 .48 .75 .57 .57 
Netherlanus Girls .3G .33 .G5 .45 .45 
(I) 

The Uoys .40 .70 .55 
Netherlanus Girls .29 .G3 .46 
(2) 

The Uoys .G2 .75 .72 .70 .70 
NeUlCrlanus Girls .52 .71 .71 .G3 .63 
(3) 

France Ooys .49 .39 .59 .GO .51 
Girls .42 .34 .59 .49 .46 

Denmark Uoys .4G .4G .76 .4G .54 
Girls .40 .43 .73 .35 .48 

Italy Uolh .3'1 .3G .47 .55 .43 

Polanu Uolh .G3 .65 .56 .48 .58 (I) 

Polanu Uoys .GG .60 .GO .61 .G2 (2) Girls .GI .69 .G8 .55 .63 

Nigeria Uoth .43 .56 .51 .39 .47 

Inu ia Doys .60 Girls .GI 
USA Uoys .50 Girls 

.67 
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FINDINGS 

1. Boys indicatcd a grcater intcrcst in tcdulOlogy than 
girls. 

2. Boys ratcd tcchnology as having more conscqllcncc 
than did thc girls. It is intcresting to note that evcn 
though the boys exhibited a more positive attitude 
toward technology than the girls, the males also 
perceive technology as being more difficult. 

3. The girls vicw technology as being an activity for both 
boys and girls to a grea tcr extcut than do thc boys. 

4. Thcre is a significant dHfcrcnce between boys and 
girls on their knowledgc about technology (Le., boys 
appear to be knowledgeable). 

S. The general iutercst in technology of ohler students 
was significantly greatcr than that of thosc who were 
younger. 

6. There was no direct relationship between grade level 
and the view that technology is an activity for boys 
and girls. 

7. The extcnt that a student's fathcr was rcported as 
having a job dealing with tcduw]ogy was significantly 
related to the pupils' general interest in technology. 
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GREEK TEACHERS' ATTITUDE TOWARDS TECHNOLOGY, A 
FIRST APPROACH 

Prof.dr. S. Androulidakis, Technological Educational 
Institute Thessaloniki 
Greece 

The population from which the data of this work have been 
collected is a) the high school teachers (gymnasium and lyceum) who 
were attending in-service training in the Teachers Training Schools 
(SELME) and b) the University graduates attending the Teachers 
Training School for vocational and technical school s (SELETE). The 
questionnaire addressed to the above teachers was a Greek transla
tion of the original prepared by the Virginia Tech team. It was 
answered by 251 (80% response), 210 were from SELME and 41 from 
SHETE. From the above, 47,2% I'lere male and 52,8% female. They 
have been in service for up to 25 years including teachers who 
have not been appoi nted yet. Of those, 42,6% come from school s 
with 250 to 500 students. From urban schools are 48,6% . 

The SPSS+ was used for data analysis. Some of the interesting 
findings are: The technology is perceived similarly by both males 
and females, a course on "technology" in schools is welcomed, and 
the answers in several items of the questionnaire are dependent on 
gender, on teacher specialisation, and on teachers coming from 
urban or non urban schools. 

Factor analysis allol'ls us to identify from the attitude state
ments of the questionnaire (the first 45 items) two factors la
belled (a) "the importance of technology and the necessity for a 
course to be taught in high schools" and (b) "interest in technolo
gy". From the concept part of the questionnaire (last 12 items), 
again two factors I'lere identified, (a) "The 'light' or every day 
used technology" and (b) "The 'heavy' or more sophisticated 
technology". 

Introduction 

Greece participates in the PATT research since 1989. The 
author was the first to participate and since 1990 the Technical 
Museum of Thessaloniki (Androulidakis 1989) participates, too. As 
the study of students' attitudes toward technology is developed, 
it also is important to understand what teachers think of tech
nology in general, and more specifically, the teaching of tech
nology in the schools. The teachers are an important force in 
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influencing the concepts and attitudes students have of technolo
gy. What attitudes do they have toward technology and what is 
their concept of it? Do teachers attach a great value to technol
ogy in education and will they accept a separate subject of 
technology in the schools? These questions originated by the 
Virginia Tech team (Barnes 1989) were also the driving forces 
behind the teachers study in the PATT-GREECE research. 

The study of the Greek pupils attitude towards technology is 
in process. So is the study of teachers attitude. This paper is 
the first approach to the study of the teachers' attitude. 

To draw comparisons with similar studies done in other 
countries, the instrument that was used in the USA by the Virgin
ia Tech researchers (Bame 1989) was translated into Greek and 
field tested. It was revised, in turn, to fit the specific cul
tural situation and this revised version is used at a larger 
scale. The questionnaire is a Likert-type one consisting of two 
parts: one part is about the attitude toward technology and 
another part about the concept of technology. An additional 
section, containing 5 questions to collect demographic data was 
included in the questionnaire . 

Findings 

This project began studying the teachers attending in-service 
training in SELME, which are the high school teachers' training 
schools of the Ministry of Education. These schools are scattered 
allover Greece. The sample also included the new teachers that 
were attending pedagogical training for technology education high 
schools, The later training is offered by the SELETE School 
(Androulidakis 1989). Responses were obtained from 251 teachers. 
The male ones were 47,2% and the female 52,8% . They represent a 
cross section of disciplines in the high schools, as shown in 
figure 1. Except those from SELETE, the remaining teach, in 
general or technical education high schools from 2 to 25 years. 
The schools represented were almost half (48,6%) urban with 
42,6% in the 250-500 student size range. 

For this pilot study, the above teachers represent the 
average Greek teacher, since the SELME teachers have been se
lected randomly and the SELETE ones are newly entering the teach
ers profession and whose selection has been based on standard 
criteria used every year. 

Some trends seem to be evident from this first selected data. 
The following are based on the study of the frequency of re
sponses to the statements on the teache rs' instrument. 

1. In response to the statement, "Technology in no subject 
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Figure 1. The represented disciplines in the sample. 

for women", 77,9% of the respondents indicated they disagree or 
tend to disagree (45,1% and 32,8% respectively). The chi-square 
proves that regarding the above statement, the teachers' re
sponses do not dependent on the gender. That is, it is obvious 
that the teachers do not see technology as being male dominated. 

Similar responses, with some variations, are evident in other 
gender related statements. Thus, in response to the statement, 
"Technology is as difficult/easy for women as it is for men", 
68,7% agree and 15% tend to agree. Finally, in response to the 
statement. "It is better for a woman not to become a car mechan
ic", 61,9% disagree and 20,5% tend to disagree, but there is a 
difference in response between men and women. The women disagree
ing are 72,3% in contrast with the men disagreeing that are only 
15,4% . 

2. Teachers responded positively to statements proposing 
'Technology' to be taught as separate course in Gymnasium (junior 
high school)". For example, in response to the statement, "It is 
useful if a separate subject 'technology' is given at Gymnasium", 
67,2% agree and 21,2% tend to agree. 

3. Further study of the collected data gave interesting 
information regarding how dependent are the teachers' responses 
to several statements, when the respondents are grouped regard
ing: the gender, the years of their experience (0 years, 2 to 10, 
and more than 10 years), student size of school (less than 250 
students, 250 to 500 students, more than 500), the school loca
tion (urban, non urban), and teachers specialisation. Regarding 
the specialisation the following groups were set up for this 
analysis: (a) teachers of religion, of Greek, of foreign lan
guages, (b) Teachers of mathematics, and teachers of sciences, 
(c) teachers of other disciplines. 

On this basis, a non significant chi-square value (p=0.05) 
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indicated that the responses, were similar regardless of gender, 
to the statements: "It is useful if a separate subject 'technolo
gy' is given at Gymnasium", "It is important that pupils are 
acquainted with technology in education", and "As a teacher of my 
specialisation, I have little to do with technology". In con 
trast, the responses were gender dependent, to the statements: 
"Technology is as difficult/easy for women as it is for men", "It 
is better for a woman not to become a car mechanic", "It is 
impossible to make girls become acquainted with technology in 
education", "To me technology is not interesting", "I do not 
often think about technology", "I know how most pieces of equip
ment are constructed", "I like to read technical magazines", "Of 
most parts of a car I know what their purpose is", "I am not very 
familiar with technology", and "In my lessons I pay a great deal 
of attention to technology". 

It was also found that only the responses to the statements: 
"Technology is as difficult/easy for women as it is for men", and 
"It is better for a woman not to become a car mechanic", were 
dependent of the specialisation of the respondents . In contrast, 
the responses to the above two statements were similar regard
less the teaching experience of the respondents. This is true, 
whether or not their schools are urban. Also, the responses to 
the second statement only, is independent of the student school 
size of the respondents. 

Finally, there were similar answers, (a) regardless the expe
rience of the respondents and their student school size to the 
statements: "It is useful if a separate subject 'technology' is 
given at Gymnasium (Junior high school)", and "It is important 
that pupils are acquainted with technology in education",. (b) 
whether or not the respondents teach in urban schools, "A techni
cal study is difficult", "At schools more attention should be 
paid to technology", "I do not often think about technology", "I 
like to read technical magazines", "Of most parts of a car I know 
what their purpose is", "I am not very familiar with technology", 
"In my lessons I pay a great deal of attention to technology", 
and "As a teacher of my specialisation I have little to do with 
technology". 

All statements in the questionnaire, which on cross tabula
tion for the determination of chi-square gave expected frequen
cies grater than 5 in a higher percentage than 20% , have been 
omitted. A future study of this case with a grater sample will 
certainly allow us to get more valuable findings. 

4. In order to validate the a priori grouping of the attitude 
and concept items, two principal components factor analysis with 
varimax rotations were computed, one of the attitude items (items 
6-51) and one on the concept items (items 52-66). 
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Before performing factor analysis on the data, the basic 
assumptions concerning normality and linearity were satisfied. 

The results of the factor analysis on the attitude items 
yielded seven factors with eigenvalues grater than 1. However, 
after performing a scree test, it was concluded that only two 
factors were meaningful. The Cronbach's B reliability test ap
proved these two factors since their values were greater than 0,7 
for these two factors. The first factor is labelled as "the 
importance of technology and the necessity for a course to be 
taught in high schools" and the six items loaded on the first 
factor are: "It is useful if a separate subject 'technology' is 
given at Gymnasium", "It is important that pupils are acquainted 
with technology in education", "For a general education it is 
essential to have some knowledge of technology", "At schools more 
attention should be paid to technology", and" People absolutely 
need technology". The second factor is labelled as "Interest in 
technology" and the five items loaded on this factor are: "I like 
to read technical magazines", "I am not very familiar with tech
nology", "I do not often think about technology", "I like repair
ing things at home", and "Of most parts of a car I know what 
their purpose is". 

Following the same procedure, the principal components factor 
analysis of the concept group items yielded three factors of 
which only two were meaningful. The first factor is labelled" 
The 'light' or every day used technology" and the six items 
loaded on this factor are: "Gardening", "A ladle", "Making a 
cupboard", "Doing fretwork", "Baking a cake", and "A watch with 
hands". The second factor is labelled as "More sophisticated 
technology" and the six items loaded on this factor are: "A power 
station", "A computer", "A factory of domestic equipment", "An 
atomic bomb", "Brewing beer", and" A digital watch". 
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TEACHERS' ATTITUDE TOWARD COMPUTERS AND 
COMPUTER-BASED INSTRUCTION 

Prof.dr. Y. Ersoy, Middle East Technical University 
10M. Koksal, IBM-CBI Research and Training Center 

Turkey 

Abstract: In this paper, based on the Likert-type attitude scale for assess
ing the teachers' attitude toward computer and computer-based instruction 
(ClCBI) developed by the authors, we investigate the attitudes of a few 
groups of teachers who involved in the activities in the period of the National 
Pre-Pilot Computer-Assisted Instruction Project undertaken by the private 
firms in Turkey two years ago and another group of mathematics and science 
teachers who got an in-service training CBI course in METU last summer. 
The analysis indicates that the attitudes of the teachers toward ClCBI are posi
tive. There is, however, a difference in the attitudes of the two groups of 
teachers trained by various instructors, and the attitudes of the same group of 
teachers before and ({{ter the training period in the same institute. 

1. INTRODUCTION 

In almost all developed and some developing countries at the present, the new 
infonnation technologies, in particular microcomputers, is a reality and be
coming dominant in all areas of living, business, education, and so on. 
Therefore, the use of computers in schools has increasingly gained impor
tance for the last decade, because of their potential of enhancing the process 
of learning. It is, however, a fact that the way the computer help the learning 
process for humans is not well understood yet, because accepting and under
standing new methods or materials usually takes more time than the actual ac
quisition of knowledge and skills. 

Despite the various difficulties for the introduction of computers into the edu
cational system of a country, students' and teachers' attitudes toward comput
ers have been one of the research areas in recent years, e.g. Hall (1978), 
Moore (1984), Gressard and Loyd (1985). Because, the attitude is one of the 
critical factors for the achievement and overall perfonnance of all partners, 
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and computers, in turn, may be strong interest and motivational factors in 
shaping pupils' attitudes toward learning instructional materials, (Kulik, Ku
lik and Cohen, 1980). Aiken and Braun (1980) suggest that attitudinal studies 
are needed in order to measure some relevant factors which should be consid
ered in the design and development of curriculum and evaluation of the pro
gram. In this paper, after outlining the background of the Pre-Pilot I Experi
mental Computer-Assisted Instruction Project of the Turkish Ministry of Na
tional Education, we present some results related with the attitudes of a select
ed group of teachers toward computers and computer-based instruction (CI 
CBI) . 

In order to set up an appropriate and effective in-service education program, 
the planner should identify clearly the needs and concerns of the teachers, the 
co-ordinators of such courses should guide and follow up on-going activities 
in each groups, and the instructors must attempt to integrate the materials and 
tools into a teacher's own curriculum and style of teaching. As an instrument 
for assessing the affective aspects of such in-service training programs, cer
tain attitude scales can be used. More precisely, the use of attitude scales in 
educational research is closely related to: (i) the supply of iriformation to insti
tutions and organizations for the sake oj curriculum development and making 
choice of policy; (ii) as an expedient Jor instructors to evaluate their own 
teaching on affective outcome. In this study,we are primarily concerned with 
the former, i .e . the supply of information to redesign our in-service training 
program by carrying out a measurement both at the beginning and at the end 
of the course. In order to do it, we use the instrument developed by the au
thors to describe the attitudes toward CICBI of a group of mathematics and 
science teachers who enrolled in an in-service training program in the Middle 
East Technical University (METU), Turkey last summer, (Koksal and Er
soy, 1990). 

2. ISSUES ON THE TEACHER TRAINING AND ATTITUDE STUDIES 

The overall success of any educational innovation in a school district is based 
on the very nature and quality of in-service education for those who are di
rectly and indirectly associated with the innovation. In this section, we will 
explain the issues on in-service training of teachers very briefly. 

2.1. Teacher Training on C/CBI in Turkey 

In several articles on teacher education, it is emphasized that both pre-service 
and in-service training in the instructional uses of computers present a great 
challenge because such a training involves a new and very rapidly developing 
field. Besides, computers are rarely used as a teaching aids even during 
teachers training professional courses, and conventional methods of teacher 
training to use computers efficiently in textbooks and lectures are inadequate 
at the present, (Bork, 1984; Ronen, 1990). The general aim of the in-service 
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training should be to aware the teachers about the potential of microcomput
ers for improyjng the teachingllearning processes. 

A great deal must be done to provide the essential training for teachers in the 
use of relatively new technology, i.e. microcomputers. The general aim of the 
training in most of the courses was therefore to enable the teachers to acquire 
competence in handling hardware and some software. A few courses, on the 
other hand, were designed how educational software might be used to im
prove the quality of the learning environment for pupils while the majority of 
the courses were about computer programming languages, in particular BA
SIC. One of the reasons why the emphasis was on the computer program
ming in Turkey is similar to that in other countries, i.e, the computer pro
gramming has been a compulsory school teaching subject in technical voca
tional schools and an elective course in some high schools*. The other main 
reason was the lack of corrunercial educational software on a panicular school 
subject, e.g. mathematics, physics, general science, and so on. 

2.2. Main Issues and Problems 

The potential of an educational system is directly related to the ability of its 
teachers. The more qualified and better trained teachers affect the efficient use 
of microcomputers in all levels of the educational system. From the previous 
experiences, it is known that the pre-service and in-service training of teach
ers has always been an Achilles' heel in curriculum development. Among oth
ers, in-service training of teachers appropriate to the CBI poses a fundamental 
challenge to schools at all levels in Turkey. Because such training is a mas
sive, highly politicized and complex activity, and affects great numbers of 
people directly and many others indirectly. 

On the other hand, the integration of the new technology into the present pre
service curricula is the most pervading issue in college of education today 
relative to the technology in almost all countries. In Turkey, for example, the 
shortage of appropriate courseware is still a general problem while there is no 
systematic and continuous support to teachers on their workplace. The prob

lem still remains is how to properly prepare teachers to use computers effec
tively with students. 

2.3. Studies on Attitudes toward CBI 

A teacher's attitude toward computers may depend upon his/her ability to 
work with computers effectively, which may later greatly influence hislher ef
fective implementation of computers in classroom and school. By means of 
such instruments, researchers want to know teachers' attitudes and concepts 
when entering a particular type of education or training; and try to determine 

t*For the further information on the Turkish educational system and the intro
duction of computers into schools, the readers may refer to Appendix A. 
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the effect of a certain teaching method or didactic approach on the people atti
tudes toward an object and/or subject matter. 

Despite the difficulties, some researches investigated and discussed how atti
tudes might be measured and many studied attitudes as the outcomes of in
struction, context, or experience; a few looked at the influence of attitudes on 
achievement and performance. Likert-type tests are the commonest form of 
attitude measure used in mathematics and science teaching, but occasionally 
Thurstone-Chave scales, projective measures, semantic differentials and other 
forms are also chosen. The use of such attitude scales in educational research 
is closely related to both the supply of information for the sake of curriculum 
development and making choice of policy, and as an expedient for instructors 
to evaluate their own teaching on affective outcomes. 

Although several instruments have been developed to measure the affective 
aspects of certain problems for pupils in educational researches, there is no 
adequate teachers' attitude scales toward C/CBI yet. However, few studies 
have attempted to describe and compare attitudes toward C/CBI and adult 
learning style or achievement. Hall (1978), for example, pointed out that 
teachers vary in the quality of their expertise, interest and acceptance of the 
new technology and seem to express a basic fear of computers. Moore (1984) 
developed a Likert-type questionnaire to investigate the attitudes of young 
people towards computers and robots, and determined that important explain
ing variables for the attitude were gender and experience with computers at 
home. Crombach et al (1986) developed a Likert-type scale for measuring at
titudes toward computers also. In their empirical study among 1200 pupils of 
13-14 years old, they found that boys scored more positive with respect to the 
girls' score. The affective and and cognitive components of their scale consist 
of the dimensions enjoyment andfear and of self-concept and relevance, re
spectively. Concerning the teacher education, Gressard and Loyd (1985) con
firmed that teachers' attitudes toward computers are a key factor in the imple
mentation of the training program. In a recent paper, Heck (1990) remarked 
"there is obviously a need to study types of training teachers receive, their at
titudes about the training , and the effects of the training on their resulting us
age of computers in their classrooms". 

3. DEVELOPMENT OF THE INSTRUMENT AND ITS APPLICATIONS 

Most of the studies on development of attitude scales toward C/CBI are espe
cially for pupils but not for teachers.Therefore, here we will explain how we 
have developed a new instrument to measure teachers' attitudes toward C/ 
CBI. 

3.1. Development of the New Instrument 

The instrument used for this study was the Computer and Computer Based 
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Instruction Attitude Scales for Teachers developed by the authors, (Koksal 
and Ersoy, 1990)* 

In the development of the instrument, the following stages are applied: 

(a) Pre-Pilot Studies, i.e. the studies on collecting and choosing relevant 
items. 

In the first stage of the development process of the instrument, an item pool 
was formed by considering 97 statements with respect to computer usage and 
CBI , i.e. computer based instruction. A group of experienced teachers on 
computer awareness and CBI examined and discussed the favorable and unfa
vorable statements in some face-to-face meetings and decided to choose 40 
items among them. The number of positively and negatively worded state
ment were 21 and 19 respectively, and the positively worded statements, for 
example, were presented as "[ am interested in computer", "eB[ will im
prove students' achievement", "[ want to know more about computers" and 
so on. 

The statements were in Turkish, and the scoring strategy was different from 
that in the conventional Likert-type questionnaire. More specifically, the re
sponses for the positively worded items were scored from 6 to I. and nega
tively worded items were scored from I to 6. Thus depending upon the pos
itive and negative fonn of statement, the scores were based on strongly agree 
6, agree 5, slightly agree 4, slightly disagree 3, disagree 2, and strongly disa
gree I, and vice versa. 

(b) Pilot Studies, i.e . the studies with the relevant 40 items questionnaire. 

The aim of the pilot studies was to detennine the reliability and validity of the 
questionnaire, and to develop an instrument with attitude scales on the basis 
of the result. The instrument was administered to 208 teachers from five dif
ferent high schools in Ankara where Pre-Pilot Project of CBI were in applica
tions. 

The method of factor analysis was used and the internal consistency, i.e. the 
coefficient of Cronbach's alpha reliability, for the total score was detennined 
as 0.91. This is a quite high coefficient for the reliability. The developed in
strument now consists of 20 statements and of which are II positively 
worded. 

A further reliability test on the instrument will continue by applying the pre
tested fonn of the instrument as well as the tested fonn in various groups of 
teachers who are being trained in various in-service program 

* For the further information on the instrument, please refer to the paper of 
the authors, (Koksal and Ersoy 1990), or Appendix B. 



- 22 9 -

on computer awareness, programming and/or CBl. For example, the same in
strument was used for the sample composed of 87 teachers who were en
rolled in a one week in-service training program on computer awareness and 
CBI at the IBM-CBI Research and Trnining Centre in Ankara, Turkey. The 
finding of this study imply that there are meaningful factors- Liking, Use
fulness of CAl and Needs of Resources, (K6ksal et ai, 1991). 

3.2. Subject and Procedure 

The subjects for this case study were the two groups of teachers who had no 
previous experience on computers and CBI, and had enrolled teaching either 
mathematics and science subjects in hi,gh schools for about ten years. Most of 
the teachers were male and got four years higher education in their pre
service training. 

The in-service training program was designed by a group of instructors en
rolled at the Faculty of Education and the Faculty of Art of Sciences, METIJ 
last summer. The two courses were planned consecutively for about 5 
weeks i,e. 150 hours in 25 working days and there were 15 teachers in each 
group, and the medium of instruction was English, 

The instrument was explained to the teachers before it was administered, and 
they were assured that their responses would be both anonymous and confi
dential. The questionnaire was in Turkish, and the aim was to determine the 
variation of the teachers' attitudes. In order to measure the determine the 
overall effects of the designed program into some extent on the teachers' atti
tude the instrument was conducted as a pre-test and post-test at the beginning 
and end of the in-service training education program, respectively. 

3.3. Research Questions and Data Analysis 

This research is designed as a kind of effect studies for evaluating a designed 
in-service program by means of pre-test and post-test with the developed atti
tude scales. It is a descriptive case study, and its aim is to determine the varia
tion of the teachers' attitudes towards C/CBl.Thus the total score was taken 
as the dependent variable while the nature of computer experience, i,e. the 
training in the in-service program, gender and the professional subject area as 
independent variables. 

This study was designed to answer the following research questions: 

(a)What were the teachers' attitudes toward c/CBI when they began to 
enroll in an in-service traning program? 

(b) Was there any variations in the attitudes of the same group of teachers 
toward c/CBI when they had been trained? 
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(c) Was there any significant difference between male and female teachers' 
attitudes toward ClCBI? 

(d) Was there any significant difference in the mathematics teachers' and 
science teachers' attitudes toward ClCBI? 

Data and Statistical Analysis: 

The pre-test and post-test medians, means and standard deviation for the Atti
tude Scale along with the paired t-test values for Group I and Group II are 
presented in Table 1. 

TESTS PRE-TEST POST-TEST 

GROUPS N Median Mean SD N Median Mean SD 

Group I 15 100 98.4 12.2 15 107 105.5 8.1 

Group II 15 101 10l.1 13.1 15 100 97.3 13.6 

Table 1. Comparison of Pre-test and Post-test Scores Using the Paired t-Test 

The post-test means and standard deviations for the Attitude Score of male 
and female teachers and of professional subject areas are presented in Table 2. 
Because of the different sample size of the two independent samples the t-test 
was used on post-test. 

GROUPS N Mean SD t .p df 

Female Teacher 25 99.6 13.1 
0.40 0.69 28 

Male Teacher 05 97 .0 13.5 

Mathematics Teachers 20 100.6 12.2 
1.48 0.15 25 

Science Teachers 07 107 .9 6.5 

Table 2. Comparisons of Post-test Scores Using the t-Test 
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4. RESULTS AND DISCUSSIONS 

From the analysis of the data given in Table 1 and Table 2 we may get the 
following conclusions. 

• The means of the attitude scores of these two groups of teachers were not 
significantly different, p < 0. 01, at the beginning of the training program. 

• The means of the attitude scores of the two groups of teachers at the begin
ning and at the end of the in-service training program were significantly 
different, p < 0.01. The mean of the scores of Group I increased while 
that of Group II decreased significantly. 

* There was no significant difference, p < 0.01, between the means of the 
attitude scores of the mille andfemale teachers. 

* The means of the attitude scores of mathematics teachers and of science 
teachers were not significantly different, p < 0.01. 

However, when we compare the means of the attitude scores of the teachers 
in Group I and Group II in Table 1, and those of the science and the mathe
matics teachers in Table 2, it is seen that the median and the mean of the post 
test score of Group I are higher than that of Group II, and the science teachers 
show slightly higher mean scores than the mathematics teachers. 

S. CONCLUSIONS 

Teacher education has become one of the major issues to create the necessary 
conditions for the innovation to be successful. Developing a well-trained ca
dre of teachers knowledgeable about C/CBI is not easy since it requires the 
fullfilment of certain conditions. Therefore the training program should be de
signed in a way that teachers will have sufficient time and opportunity for 
hans-on experience and gain confidence in the use of microcomputers. We 
hope that all teachers in the in-service training program held METU last sum
mer received at least an orientation to the use of the computer, the computer 
laboratory and become aware about the instructional potential of CBI. 

It seems worthwhile to gain understanding of just how particular groups and! 
or individuals feel about C/CBI. The future use of computers in education and 
courseware may be enhanced through developing positive teachers attitudes 
toward C/CBI. Although the use of small samples, a specific setting, and var
ious tearns of staff involvement in the training limit the generalization of find
ing from this study, the future use of the same instrument under more con
trolled environment merits serious consideration.Finally, we should continue 
the development of teachers' attitudes toward C/CBI scale in the coming 
years. 
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APPENDIX A 
THE TURKISH EDUCATIONAL SYSTEM AND 

THE PRE-PILOT CBI PROJECT 

1. A Profile of the System 

The entire educational system of Turkey is strongly centralized with a hier
archy from the kindergarten or elementary school teacher up to the Minister. 
All curricula are completely defined down to the last detail and controlled by 
the Ministry of National Education. Most of the subjects are compulsory for 
all schools and the number of teaching hours per week are determined by the 
Ministry also. There is an entrance examination to certain state-owned secon
dary schools in which the medium of instruction is usually English, some pri
vate secondary schools, and to the university. Although it has some draw
backs, such a centralized educational system has advantages when it comes to 
decision-making and implementation of changes within the educational sys
tem. 

2_ The Structure of the Educational System 

The system is comprised of four basic levels: 
(a) Pre-primary education, 
(b) Primary education, 
(c) Secondary education (Lower and upper levels), and 
(d) Higher education. 

(a) Pre-Primary Education 

This level of education is optional and covers the education of children who 
have not yet reached the age of compulsory education, i.e. 6 years old. Al
though some elementary schools in urban areas have nursery and kindergar
ten classes, this educational stage has not been organized uniformly and ex
tended throughout the country yet. 

(b) Primary Education 

This is compulsory for all Turkish students and covers the education of 6-11 
year old children. This five year education helps children in gaining behaviour 
to continue secondary education or to adjust themselves into an out-of-school 
vocational job. 

(c)Secondary Education 

This level of education is not compulsory and comprised of two levels: 

* Lower secondary education or Junior high schools; 
*Upper secondary education or Senior high schools. 
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The lower one covers the education of 11-14 year old pupils and prepare them 
to the upper level either general senior high schools or vocational schools or 
out-of-school jobs. In the last few years there has been a general trend to in
clude this stage of education to the compulsory one, and to design the curricu
lum-based on 8 year schooling of children. 

Upper secondary schools comprise two types in general. These are 3 year 
general senior high schools which give general education to prepare pupils to 
the higher education; and 3 or 4 year technical and vocational schools which 
help pupils gain a profession or continue higher education. 

(d) Higher Education 

This is the most upper level of education which provides students to study 
further in various specialized fields. Students must take the two-staged central 
university entrance examination and succeed in it. Most of the departments of 
universities require a four year education like in other countries, and give pre
bachelor, bachelor, master and Ph degree in various field. 

3. The Pre-Pilot CBI Project 

The way computers have been introduced into schools is strongly related to 
the structure and very nature of the educational system of a country. A few 
words of background information are, therefore, necessary for those readers 
not familiar with the Turkish educational system and the relatively new pro
ject, the MNE- CBI Project. 

3.1. Background 

Computer began to feature in the Turkish universities in the late 1960s al
though it was rarely introduced into the general education in the last five 
years. More precisely, by supplying about 1000 home and personal comput
ers to some secondary schools in 1985, Turkey took the first step in introduc
ing microcomputers into her educational system. Vendors implemented their 
microcomputers in a few number of appropriate secondary schools, offered 
staff development and equipment maintenance. A selected small group of 
mathematics and science teachers were educated in certain in-service training 
program. The period of such programs on computer literacy and program
ming languages, in particular BASIC, were organized in big towns, such as 
Ankara, Istanbul, lzmir, and varied from 7 days to 7 months . 

In this framework, computer programming was included as an elective course 
in a few number of senior high schools while some courses related to com
puter studies were compulsory in certain department of technical vocational 
schools. By 1990 interest in the value of computers as an educational tool as 
well as the school subject was growing in both universities and schools to im
prove the overall level and qualification of general education in the country. 
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More specifically, in the period of 1985-1990, five thousands microcomput
ers were purchased for secondary schools, two thousands course-hours equi
valent courseware were developed, and 750 school teachers had been sub
jected to the in-service training. 

3.2. Present Situation and General Aims 

Turkey is, indeed, far behind some of the industrialized countries at the mo
ment in the use of computers in education. It is worth to express that the use 
of computers within educational environment in Turkey is not only seen by 
educators as a mean of improving the quality and the level of general educa
tion, it is also considered by the Turkish government as a possible basis for 
the development of a market for both national microcomputer hardware and 
software industries. Active studies are, therefore, underway into the experi 
ence of developed countries in the use of computer as a technological instru
ment in the learning/teaching process and into the production of courseware. 

A lot of private computer hardware and software firms had been interested in 
the Pilot Project of the Ministry of National Education, and about ten of them 
had fulfilled in the requirements and being experienced in the activities in the 
last few years. The Ministry of National Education has planned to purchase 
6500 microcomputers and distribute them to the 396 schools at different lev
els in several regions of the country, to train five thousands teachers on com
puter literacy and CBI, and create facilities for the development of five thou
sand course-hours equivalent courseware materials in a few years. 
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APPENDfX B 
THE SCALE FOR TEACHERS' ATTITUDE TOWARD CICBI 

* Computer uses facilitate routine tasks, (0.72). 
* CBI will affect students' achievement positively, (0.63). 
* I think:, using a computer is interesting, (0.64) . 
* Introduction of computers in schools helps teachers in many ways, (0.75) . 
* I want radio and TV to broadcast some programs about computers, (0.63). 
* I think it is unnecessary to use computers in education, (058). 
* I would like to get more information about computers, (0.62). 
* I think working with computers would be boring, (0.63). 
* Computers have not much appeal for me, (0.67) . 
* I would like to enroll in a CBI project, (0.70) . 
* I think:, any professions of computers are boring, (0.63). 
* Computers should be used in instructional processes, (057) . 
* I think, it is not worthwhile to work with computers, (0.74) . 
* I want to use computers for my daily works in the school, (051). 
* Resources like books and journals should be available in schools, (0.61). 
* I would like to work at an office which does not have a computer, (052) 
* Computers make the instruction more enjoyable, (0.69). 
* Computers must be used in education, (056). 

Table B.1 Items and Their Factor Loadings, (Koksal and Ersoy) . 

* LIKING 
Boring 0 .82 
No use in dealing with computers 0 .80 
No computers in the office 0 .76 
No liking 0.74 
Not interested in 0 .71 

* USEFULNESS OF CBI 
Must be used in education 0 .85 
Effect on student achievement 0 .82 
Useful for the teachers 0 .74 
Not necessary in education 0 .74 
Not helpful in the school 0 .60 
Participate in CBI project 0.57 

* NEED OF RESOURCES 
Published material in the school 0.84 
Program in television and radio 0.78 
Want to use in routine works 0.64 

Table B.2. Item Phrases and Their Factor Loadings, (Koksal et at) 
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INNOVATIONS rN THE TEACHING OF SCIENCE, MATH AND 
TECHNOLOGY IN OECD COUNTRIES 

C. Panotis, OECD 
France 

I. Work of the Organization 

I am asked to contribute to this forum on Technology Education and 
Industry from the point of view of a member of the OECD Secretariat. May I say 
that first, the OECD as an organization primarily concerned with economic 
policy in modern industrialized nations, there are a number of OECD 
directorates that are concerned with aspects of technology . Most 
predominately , the Directorate for Science, Technology and Industry's main 
corpus of work falls within: 1) Developing an analytical and statistical 
framework for understanding the interaction between science, technology, 
economy and society 2) analysing the micro-economic bases of technological and 
industrial policies with particular reference to the role of investment in 
transforming knowledge into wealth, human capital and the competitiveness of 
firms 3) assessing and studying policies to improve competitiveness in the 
context of economic globalization, especially support for technological and 
organizational innovation, and technology diffusion policies 4) Providing a 
framework to promote structural adjustment and the elimination of 
discriminatory practises in such sectors as maritime transport, shipbuilding, 
steel, etc . Also, there are two autonomous bodies, The Nuclear Energy Agency, 
established in 1958, and the International Energy Agency, founded in 1974 which 
are broadly concerned with safeguarding and maintaining energy systems and 
security in the Member countries. Swift change in Eastern Europe has 
instigated the inception of a new Centre for Cooperation with the European 
Economies in Transition, a centre which responds to Eastern European countries 
seeking advice and guidance in their move torwards a maket economy. Areas of 
consultation span the work of the various directorates, trade, development 
assistance, capital movements , consumer policy, the environment, and of course, 
scientific and technological policy. 

The prespective however, which I would like to illuminate in my 
presentation today, which is also complimentary to the previously mentioned 
work of the organization, is a somewhat different one . I am a member of the 
CERI, Centre for Educational Reseach and Innovation, created in 1968 to 
promote and assist the develpment of research activities in education and to 
carry out advanced experiments designed to test innovations in education and to 
stimulate research and development. The current 1991 programme of work 
spans a number of individual projects including: Teacher Quality, Human 
Resources and Lifelong Learning, Partnerships in Education, Environment and 
School Initiatives , Children and Youth at Risk as well as other projects. 
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The project which I am immediately concerned is called Curriculum Reform 
and School Effectiveness. The first phase of the Curriculum reform project 
culminated in the state of the art publication Curriculum Reform An Overview 
of Trends published in 1990. The report identifies a number of areas which 
seem to be particularly relevent to current curricular changes in 
industrialized nations. While facing an unknown future, the content of 
education, and its methods and processes of delivery is undergoing 
restructuring and reform in the Member countries. Patterns seem to indicate 
that there is a need to adapt the curriculum to social changes: to make both 
the content of education and teaching reflective of social reality. The 
current debate focusses on what constitutes quality in learning, the need for 
young people to acquire basic skills and a variety of related skills that are 
adaptable to different work situations, providing for vocational training, 
encouraging parental involvement, devising methods to assess pupils's 
performance and accountability, and to prepare a diverse workforce for 
life-long learning. No doubt that the challenge taken up by our educational 
systems is great; not only is an economic imperative placed upon the schools in 
a world of global competitiveness as policymakers may seek to resusitate their 
economies in terms of "human capital", yet there is no doubt an intrinsic 
value to the disciplines of the sciences and humanities, art, music, physical 
education, and related disciplines which has shaped, and is shaping the 
cultural domains of the world in which we live. Perhaps the effort is torwards 
balancing the pendulum, to maintaing a mutually beneficial relationship as 
concerns the various actors involved. 

II.Scope of the Project 

As a component of the Curriculum Redefined Project, the CERI (Center for 
Educational Research and Innovation) of the OECD has launched an individual 
project on Science Mathematics and Technology (SMT) education in the Member 
countries. (1) A broad goal of the project is to provide, models and insights 
which will help to improve education in and across the areas of Science, 
Mathematics and Technology. The project spans the age range of compulsory 
schooling for all citizens. This approach is not intended to exclude 
differentiated curricula for students of individual learning needs, or 
curricula intended to provide for alternative career aspirations such as 
vocational training. The study does not advocate any particular model, rather 
the ultimate aim of the project is to show how representative projects on the 
local and national level may be applied to other international settings. 

The OECD comparative study is achieved by commissioning country and case 
study reports, organizing workshops, seminars and other meetings. A group of 
international experts is working towards preparing the substantive basis for a 
SMT conference which will take place in November. 1991. At this time, CERI is 
in the process of receiving a wide range of case study reports which will serve 
to develop a common analytical framework. The framework will be a vehicle for 
generating new ideas and developing and implementing new ones. 
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When discussing the concept of innovation and educational reform, it is 
considered important that effective strategies address the social and 
political contexts in which these innovations take place. Past experiences 
indicate that newly developed and tested curriculum materials have often not 
been used in the classroom , and if the materials were indeed used, variation 
differed greatly on the local level. Meanwhile , efforts to innovate the 
curriculum have been stultified by the delay of assessment procedures to keep 
up with the re-definition of national goals . Rather than re-edit textbooks 
which may encourage teachers to replicate concepts and to teach to the tests , 
it is now thought that one of the most effective strategies to promulgate 
change is to support the work of innovative teachers and to diffuse innovation 
into the classrooms of others . 

III, Teacher Education 

The emphasis on teacher education a s a vehicle for change is reflected 
by the substantial amount of case study reports that fall within the purview of 
teacher training programs . The National Inservice Program (INSET) , was devised 
in 1989 to select thirty highly motivated teachers to participate in thirty-six 
training sessions comprised of plenary lectures practical workshops, tutor 
demonstrations and hands-on experience. One of the modules focuse s on the 
subject of technology , introduced into the Junior Cycle Curriculum (12-15 
years) in 1989. Sixty schools have been chosen to pilot technology, the new 
subject . One of the subject modules is craft and materials , a workshop which 
brings together both metalwork and woodwork teachers . Similarly, former craft 
teachers in Finnish national schools are being retrained to teach modern 
technology and automation . Metalwork teachers are starting to use computers 
in their classes ; electricity, electronics and automation are being integrated 
into computer study courses. A questionnaire distributed to Finnish technical 
teachers in 1990 showed that fourty - one percent of metalwork teachers 
collaborated with science teachers . 

In New Zealand , The Center for Science and Mathematics Educational 
Research at the University of Waikato, Hamilton is coordinating a 
two year Learning in Science Proj ect (LISP) , which investigates the process of 
teacher development . The center offers two kinds of courses, inservice teaching 
of science and a school based professional course on t he learning and teaching 
of science . The research outcomes of the project will provide information for 
administrating and managing teacher development, and giving school boards and 
principals direction in meeting their responsibilities for staff development . 
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A program of the American Association of Physics Teachers (AAPT) 
targets 300 of the nations' best physics teachers. It is designed, through an 
intensive four week summer institute to fortify their already substantial 
physics teaching skills and to prepare them to serve as research agents to 
other high school physics teachers. Further, the promotion of the science 
teaching profession is highlighted in a national study to forecast teacher 
supply and demand in Australia. Since science and math teacher shortages exist 
in a number of provinces ( Western Australia, Queensland, the Northern 
Territory and Victoria ) data is being collected to define the specialities of 
college graduates, to discern the number of qualified science teachers in each 
subject of SM!, and to investigate the amount of class hours spent on each 
subject, which may mask teacher education in some areas. 

IV,Technolo~y Education 

A review of teacher education in the Member Countries cannot be 
considered in isolation of the over-arching contextual issues that set the 
stage for SMT teaching. The self-evident impact of technology on our daily 
lives seem to indicate that there is a need to include technology in school 
curricula. As is the case in Ireland, the Netherlands is currently introducing 
technology as a new school subject. The Dutch National Institute for 
Curriculum Development (SLO) Enschede , in conjunction with a committee 
installed by the Ministry of Education is preparing a document of curriculum 
guidelines in which a rationale for the subject and a list of attainment 
targets is defined. The SLO curriculum proposal is strongly linked to current 
changes in the teaching of general techniques and vocational education . It 
focuses on a dynamic concept of technology as a process of new development, and 
a close vocational approach which incorporates learning to use and produce 
existing products and procedures. To determine pupils ' attitude toward the new 
subject of technology, the foundation PATT in Eindhoven, Netherlands of which 
we are called to speak, serves as a platform for discussing aspects of 
technology education such as Teacher Training for School Technology, Frameworks 
for School Technology. Technical Education and Industry, Technical Education 
and the Environment. Research studies and tests developed by PATT have been 
distributed to a national sample of about two thousand students aged 13-14 in 
New Zealand. The results will be made available to schools to conduct surveys 
using the tests prior to progress planning. 

The new National Core Curriculum in Great Britain (1988) is comprised of 
English, Math and Science as core subjects, technology, history, geography, 
music, art, physical education and foreign language instruction as foundation 
subjects. The approach to the teaching of technology in the British schools is 
fairly broadly based. The course will be taught by teachers of the school 
subjects Craft, Design and Technology (CDT) , home economics, business studies, 
art and design, and information technology. "'hat constitutes a technological 
project is also open to a somewhat broad interpretation. Students may be asked 
to modify the lay-out of .a garden, or to build a work station for a personal 
computer. In order to teach the new course these teachers will also coordinate 
their work with mathematics and science teachers. In the primary schools, 
design and technological type activities will be taught by the general class 
teacher supervised by the school's technology or science coordinator . 
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The integration of computers into classrooms is galnlng more and more 
importance in such projects as Computers in the Education of Crafts and Design 
in the Finnish Compulsory Schools (7-15 years). A goal of the project is to 
provide an equal opportunity for students to study crafts and design using 
modern technology. Interestingly enough, the program was promoted by The 
National Committee of Mathematics and Science in conjunction with a proposal 
from the Committee on Continuing Education. Pupils manipulate computers by 
using visual and parametric design techniques and applying such software 
programs as AUTOCAD in cloth design. By using the software packages, students 
learn about the ways that computers can be used as tools for drawing, planning 
and processing crafts and design. 

Information technologies have been used as the basis for an experimental 
project in the first degree of secondary education in the Dutch-speaking area 
of Belgium. The objective of this project which reaches 250 schools, is to 
acquaint students with information processing systems, and to solve 
technological problems by means of systematic problem solving techniques. To 
attain these objectives, students work with electronic modules derived from the 
English Microelectronics Education Project that began in Great Britain in 1981 
for 11-14 year olds. A module such as the "Decision Module" puts pupils into 
contact with input and output units which later serve as the basis for simple 
problem solving. Approximately fifty schools have shown a positive evaluation 
of the program. This warm reception has led to the integration of the project 
"Information Technology" into the course Technol ogy Education in all public 
schools for the 1989-1990 school year . 

Teachers of science have often regarded the use of technology as a means 
to enrich their subjects, emphasize the applied aspects of their disc iplines 
and to reinforce the understanding of scientific principles . In the UK , the 
Science, Technology and Society movement (STS) seeks to bring science teachers 
into contact with technology through consideration of the social , moral , 
economic and environmental implications of scientific and technological 
developments. Also , those teachers concerned with certain fields in 
engineering such as civil, me chanical , and electrical engineering have seen the 
applicati on s of technology in the classroom as a means to attract students into 
the field. In Austria, control engineering has been introduced as a s chool 
subject for grades 9 - 13. Curriculum reform in engineering studies focuses on 
the idea that a broad knowledge of the discipline should be cultivated. 
Learning objectives such as developing a knowledge of ma chine parts and design 
theory, the theoretical skills to transfer form models and integrate them at a 
higher level of abstraction as well as the pra ctical skills to draw and sketch 
with c omputer aids, is emphasi zed as a part of the program . Students begin 
their instruction by expe rimenting with mechanical skills such as freehand 
drawing. Later on they learn about planning and development by using computer 
tools such as CAD and CAM. 
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V.Mathematics Education 

Reform in the teaching of mathematics in the Member countries is more 
and more approaching the idea that the discipline is to be oriented toward 
problem solving techniques that reflect social reality. This new approach 
challenges the the traditional notion that theoretical knowledge should proceed 
application. Therefore, the insurmountable problems students encounter with 
word problems may be remediated by teaching mathematics in its social context. 
Also, the isolation math teachers experience from other colleagues may be 
cured by integrating mathematics with other problem solving disciplines, such 
as science and technology. A general course in mathematics in upper secondary 
schools in Finland is designed to teach students to use mathematics as a 
practical tool in everyday life. Similarly, the new curriculum guidelines in 
Norway 1989-1990, revise the subject syllabus in mathematics by focusing 
directly on the tool function of the subject and the integration of problem 
solving in all maths instruction. In order to revise instruction, a research 
project is underway to diversify teaching methods, motivate students learning 
and to critically evaluate the use of computers and calculators in the 
classroom. This use of calculators as methodical tools is also employed in 
Sweden. A case study conducted by University College, Jonkoping, Sweden, 
features a program which targets thirty classes in grades one and two. In order 
to foster numeracy, the calculator is manipulated to allow children to play 
with large numbers, t~ discover new numbers like decimals and negative numbers, 
and to tackle numerical progressions. Using the calculator allows teachers to 
re-evaluate the goals and content of the course and their own pedagogical role. 

An Italian math research project based upon ten years of experience in 
compulsory schools is designed to establish an interdisciplinary relationship 
between the student and social reality. The study presented by The Ministry of 
Public Instruction, documents the cultural and social factors which influence a 
student's choice of a program of study, the evolution of curriculum materials 
and strategies for the in-service training of teachers. In order to acquaint 
students with the practical aspects of mathematics applications , software 
products such as Mumath, Derive and Eureka have been integrated into classes 
for 13-15 year old students in Austrian public schools. Students work on 
projects such as traffic registering, electricity, and dynamic systems like 
LOGO which calculate vector functions. 

Questions of mathematics achievement are explored in such initiatives as 
the Raising Achievement in Mathematics project directed by the Sussex Institute 
of Higher Education. The project's goals are to explore the reasons for 
underachievement, identify and communicate what constitutes "raised 
achievement", propose strategies for raising pupils' performance and to 
disseminate research findings . Approximately seventy teachers act as action 
researchers by maintaining log books and writing case studies over a period of 
three years. Feedback is provided by head teachers, advisors and heads of 
departments which assist in establishing the validity of the data collected. 
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Unlike Great Britain, even though the decentralized educational system 
of the United States does not provide for a National Curriculum, there is an 
effort from the part of professional organizations to establish some sort of 
curriculum guidelines. In Minnesota, certain high technology corporations in 
cooperation with institutions of higher education formed the Minnesota 
Mathematics Mobilization Board in 1985 . The board has been particularly 
influential in developing reform policy in the State. In other States such as 
Connecticut, New Jersey and Kentucky, governors and state departments of 
education are joining efforts to re-evaluate their educational systems, and 
devise new curriculum criteria for mathematics instruction . 

Reform movements in mathematics curricula are equally strong in New 
Zealand. The Ministry of Education has commissioned a detailed report on a 
project, Beginning School Mathematics (BSM ). It is a resource program for 
Junior Class teachers (1-2 grades) which reflects changes in the new 
mathematics syllabus . The new curriculum encompasses a wide range of 
mathematical themes including spatial activities, patterning and logic. 
Tackling number and measurement areas of mathematics is achieved by following 
approximately five hundred games and activities where children explore the use 
of hardware and card equipment on their own and in group settings. 

VI. Science Teachin& 

The "hands-on" workshop approach to mathematics teaching is extensively 
applied to projects concerned with science teaching. Once again, as viewed in 
the teaching of mathematics and technology, the interdisciplinary aspects of 
the classical scientific disciplines, biology, chemistry, and physics is 
underlined . Trends in curriculum development also broaden the range of this 
trilogy to include earth sciences and astronomy and a focus on certain "themes" 
that address a number of disciplines. An Austrian experimental workshop called 
Interplay established in 1988 is geared towards developing students continuous 
discovery of scientific principles. The workshop pivots upon a "human 
approach" to make possible the rediscovery of the diversity of human 
experience. It is an interactive workshop where students observe and 
react to phenomena such as light beams and colors, conduct experiments with 
sound and resonance and may even learn about physical forces by pedaling a 
bicycle which drives a generator. 

Another integrated science project , Practicing Integration of Natural 
Sciences, (PING) was created in 1989 by science teachers in the new 
comprehensive schools (ages 10-16) of Schleswig-Holstein and by a team of 
educators from the Institute of Science Education at Kiel University , Germany. 
PING operates on a variety of levels . At the local level , PING organizes a 
variety of teacher training modules ; at a national level, PING is responsible 
for the coordination between the Federal Government and the Lander in questions 
of science education. The organization coordinates materials exchange and 
arranges meetings of a national science and technology panel , as well as 
integrating their work to that of institutions in the Netherlands and Denmark. 
A research and development advisory group charts such themes as the 
participation of girls in science, environmental awareness, communication and 
interraction skills , network operation and effectiveness. Particular 
curricular themes such as "Man and Nature" are learner -centered and based upon 
theories of child development . For example as part of the "Man and Nature" 
theme, grades 5/ 6 study the topic "I experience and explore my world", grades 
7/ 8 "We interpret the world", and grades 9/ 10 "The world develops and we can 
creatively participate." 
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Innovative methods to teach physics at the high school level in Holland 
tend to put a greater importance on the social aspects of physics teaching in 
order to prepare to students to live in a technologically developing society. 
The PLON project is a movement to create physics curricula to demonstrate how 
physics is reflected in an applied sense, e.g. in technology and society. 
The curricula is designed to target both boys and girls and to engage the 
student by means of the presention of certain themes . Among the ten themes 
chosen are weather changes and traffic, electrical machines, light sources, 
ionizing radiation and electronics. Each theme is presented by posing a 
question from daily life which becomes the introduction to each unit. 
Afterwards, the introductory "problem section" is followed by exercises that 
teach the basic knowledge and skills of the particular theme. Knowledge and 
skills are taught within the context of activities that stimulate independent 
learning in small groups . Students then branch out to other groups to report 
knowledge learned and to answer further questions to deepen their 
understanding. PLON curriculum materials have only been distributed to a 
limited amount of schools in Holland . However, the current success of the 
applied physics materials indicates that PLON activities may be promoted in 
other schools. 

These above attempts to integrate the teaching and learning of science 
to real life activities are extended to include the biological and behavioral 
sciences in such initiatives as Stanford University's Middle School Biology 
program. The program puts students in a position to confront the complex 
facets of scientific questions. For example, what is the individual and 
community's role in limiting the spread of contagious diseases? How to 
national and local organizations effect environmenta l preservation? This 
interdisciplinary effort is a flexible one or two year course for grades 7-8 
(13-14 year olds). It is comprised of six content areas: ecology/ evolution/ 
genetics, society and culture, cellular and molecular biology, human 
development, (cognitive, psychological, and social) human physiology, health 
and safety. Two themes that cut across the six content areas are the various 
pressures and dangers of experimentation that face adolescents and the analysis 
of high risk behaviors and principles of adolescent development. Central to the 
project are student and teacher empowerment and a consideration of how students 
make choices concerning controversial questions rooted in scientific 
principles. 

Other American projects that focus on the impact of science on society 
include American Chemical Society's Chem Com project . It is a experimental 
chemistry curriculum written by teams of high school, college and university 
teachers assisted by chemists from industry and society. Reports produced by 
five panels of experts were compiled into a publication "Science for all 
Americans" in 1989. Currently, curriculum frameworks to achieve the goals set 
out in "Science for all Americans" are being developed. Continued collaboration 
between industry, business, laboratories . scientific engineering societies and 
other educational associations are being cultivated to better utilize resources 
in a consortium of organizations called the Triangle Coalition. The coalition 
seeks to concentrate its efforts on three levels of action: the community, 
resource mobilization, and advocacy . Outreach to community based and local 
alliances organizes services for teachers such as summer industry internships 
and research sabbaticals. 
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In conclusion, a number of projects in the Member countries are in 
progress to develop innovative methods to provide for the high quality teaching 
of Science, Math, and Technology. While the national context of programs may 
differ from country to country, the universal concern to create and implement 
methods to address the project's seven cross-cutting themes are increasingly 
evident. These seven themes are the following: 1) Goals and Content, 2) The 
Student Perspective, 3) Settings and Methods for Student's Learning, 4) The 
Teachers: Roles and Needs, 5) Assessment , 6) Context (historical, social, 
political, educational) within which the innovation was formulated, 7} 
Processes by which change might be implemented, both as envisaged in planning 
and experienced in reality. Implications for further research, evaluation and 
continuing work remain to be seen as the project completes its course. 

(1) The original Member countries of the OECD are: Austria , Belgium, Canada, 
Denmark, France , the Federal Republic of Germany, Greece, Iceland. Ireland, 
Italy, Luxembourg , the Netherlands, Norway , Portugal , Spain. Sweden. 
Switzerland, Turkey, the United Kingdom. and the United States. Japan. 
Finland. Australia. New Zealand, and the former Democratic Republic of Germany 
have joined since 1964. 
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TECHNOLOGICAL LITERACY IN INDUSTRY 

Prof.dr. M.J. Dyrenfurth, Applied Expertise Associates 
United States of America 

A proprietary technology training firm conducted a robotics and automation literacy 
training program at four factory sites of a top five Fortune 500 manufacturer in middle 
America. During the Fall 1989 to Spring/Summer 1990 period instruction consisted 
primarily of hands-on activities using self-pace and hands-on modules through a 
technology and robotics course. About 375 different individuals (approximately 83% 
male, averaging 45 years of age, 13 years of seniority) from the hourly workforce at 
these plants enrolled voluntarily for one or more of these courses on their own time. 

The objective of the project evaluation was to learn whether the program would work 
effectively in varying plant settings, i.e., assembly, stamping, unit production and 
electronics/technology-oriented plants. Other key evaluation questions included: Do 
the participants like the program and deem its effects valuable? But, for the purposes of 
this presentation, the most important question was, Does the program develop 
technological literacy? 

This four site evaluation employed a streamlined methodology based a more detailed 
and intensive design used to assess a previous project. The third-party evaluation was 
performed by Drs. Michael J. Dyrenfurth & James L. Barnes). 

Findings: 
1. Do the participants like the program and deem its effects valuable? Participants 
genuinely and overwhelmingly liked the program rating it 5 (on a 6 point scale). They 
also indicated almost unanimous agreement 0 .99 on a 2 point scale) that they would 
recommend this course to other employees. Relatively high apparent continuation rates 
also document this point. Participants rated the program's goals to be of a 2.28 
importance rating (Utmost Importance = 3) . Attendance with make-ups and extra
curricular pursuit of course activity demonstrated the participants' belief in the 
program's value equally clearly. 

2. Does the program develop techn ological literacy? Technological literacy was 
modes tly enhanced (6%) by program participation. This was consisten t wi th, but 
smaller than, the previous pilot program. A content-based information inventory 
showed a much more sizeable gain of almost 27%. An attitude shift (approximately 7-
9%) towards a more positive view of technology also occurred. Program completion 
rates (50 - 90%) demonstrated that participants learned the necessary skills to go along 
with the knowledge and attitudinal gains they made. No pattern of performance was 
found to suggest the program is any less suited for one type of plant than another. 
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Conclusions: 
The primary conclusion is that the concept of technological literacy can be instrumented 
and measured. Using this particular case, the measurement resulted in the conclusion 
that the contractor delivered a quality learning experience. The curriculum targets on a 
carefully identified set of skills that have strategic value in developing the technological 
literacy workers will need in the future. The content delivered is certainly fundamental 
to contemporary manufacturing technology and it is thoughtfully assembled. The 
course is built on the premise that if one makes the learning steps small enough most 
anyone can learn the concepts fundamen tal to industrial technology. Furthermore, 
both the programs instruction and content are directed towards meeting the needs of 
adult workers and in helping them begin or advance on the road to life-long learning. 

Methodology details 
The assessment's primary data sources follow each of the key evaluation questions that 
were addressed by the 1989-1990 evaluation. The main evaluation questions are 
boldfaced and numbered. The main information sources, i.e., instruments & 
procedures, used to obtain the pertinent information are listed as points under these. 

Does the program develop technological literacy (TL model & Course Content) 

- Technological literacy post-pretest gain 
- Technological literacy model-based 35 item instrument 
- Today's World, 10 item NSF-based instrument 
- ACIT content infonnation inventory 

- How did we do? (Summative assessment), participant self report 
- About technology ... (attitudinal shift) 

The sample 

Average 
Average Years 

Sample % % Work Average Education Since 
Site n Male Female Oassifica lion Age Yea~ School 

Overall 201 83 17 large majority 45.2 11.8 19.4 
were 

A 49 86 14 classified as 41 11.6 17.0 

unskilled 
B 63 73 27 Skilled trades 45 11.4 20.8 

are 
C 19 81 18 estimated to 37 11.9 16.9 

comprise less 
D 70 91 9 than 5% of the 50 12.4 204 

participants 

Silml!l~ rlilol AYI![ilgl:· 89.7+ 8.6+ 89.4+ unskilled 41+ 
8.97+ skilled 
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Instrumentation & Administration 

The instrumen tation's development and valid ation is documented in the following pages. 
It included a custom procedure to assess technological literacy using as a reference, the 
model documented by Dyrenfurth (1982,83,84,87). This procedure included three distinct 
components: one measuring the generic concept of technological literacy, a second 
focussing on content specific to that experienced by the participants, and a third that 
yields data comparable to a nationally derived profile. For purposes of this assessment, 
the first two instruments were shortened to reduce the participants' data burden. 

The participants' all important perceptions of the program's value to them was assessed 
using a concise rating scale with three dimensions: The program's value to the 
participants' work, both present and future; the program's value to the participant's 
personal (non-work) life, both present and future; and the program's contribution to 
technology literacy. All three dimensions were assessed in terms of each participant's 
personal judgements. This assessment also included participant evaluation of the quality 
of the program's instructors, equipment, instructional materials and procedures . 

Analysis 

The bulk of the analysis involved calculation of descriptive summaries. The pattern 
established by the previous evaluation was followed although it was simplified. In 
addition to descriptive statistics, sub-samples of participants were used to calculate overall 
gain/shift scores for : 

• Technological literacy (model-based) 
• Technology literacy (course content-based) 
• Attitudes towards technology (liking, importance, learning, nature) 

Does the program develop technological literacy 
- Technological literacy post-pre-test gain 

- Technological literacy model-based 35 item instrument 
- Today's World, 10 item NSF-based instrument 
- Specific information inventory 

- Basic robotics course achievement (module completion) 
- How did we do? (Summative assessment), participant self report 
- About technology ... (attitudinal shift) 

Technological literacy was enhanced by program participation - albeit in relatively modest 
amounts. The evaluator's model-based instrument, which is this assessment's most 
stringent criterion, showed an overall gain of 6%. This was consistent with, but smaller, 
than the previous pilot program. The content-based information inventory showed a much 
more sizeable gain of almost 27%. This pattern again was consistent with the previous 
evaluation's findings . 

Previous discussion also documented the overall attitude shift (approximately 7 - 9%) 
towards a more positive view of technology. Most of this shift occurred in the participants' 
perceptions of the "Importance" (+6.7%) and "Nature" (+9.0%) of technology. No significant 
change occurred in the participants' degree of liking or of learning to learn technology. 

Finally, the completion rates (50 - 90%) demonstrate that participants learned the 
necessary skills to go along with the knowledge and attitudinal gains they made. This 
can be said because of the criterion-referenced nature of this course. 
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Evaluation Activity Timing 

Day 1 Day 2 Mid-Term Last Day 
Basic Infonnation 

Demographic data • 
Expectations input form • Registration fonn • (or before) 

Participant Development 

Technological Literacy (pre/post) 

• TL35 • • 
• TL15(modified) • • 
• NSF-today's world • • 

Attitude (pre/post) • • 
About technology • • 
Module completion chart (ongoing) ... ... ... 
Feedback 

Participant Attendance (ongoing) ... ... ... ... 
How are we doing (mid) • 
How did we do (end) • 
TPE observation 
• start • 
• mid • 
• end • 

• = by participants. = by third party evaluator ... = by Program instructors 

Note: All participant-completed evaluations are administered by Program instructors 
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Instrument Development and Validation 

The necessary program documentation forms were developed based on the evaluator's 
experience with the previous evaluation. These forms included the Session/Course 
Information Log, the Confidential Participant Information Log, and the Background Data 
Form. Together these forms secured demographic data such as age, gender, seniority, job 
title, level of schooling, and the like. Face and content validity were established using the 
TPE's judgement and interaction with the program principals. 

Similarly, the TPE Observation Form, the How are we doing? (formative evaluation) and 
the How did we do? (summative evaluation) were developed by the TPE specifically to 
secure the key data necessary to answer the research questions. This provided 
appropriate levels of initial face and content validity which was subsequently 
augmented by interaction with the program's instructors. 

Because this was a pilot program, it was important to learn why the participants enrolled . 
To ascertain this, the Expectations Input Form was developed by the TPE. It was based on 
program goals. Previous interaction with the program's instructors proved positive so 
they actually incorporated this form as a part of their first day's instructional activity. 

Technological literacy, the program's core content, was clearly the most challenging of 
the evaluation's measurement tasks. The central question of the program's effectiveness 
with respect to technological literacy was addressed by cognitive, affective, and psycho
motor assessment. The cognitive aspects were assessed using three instruments: 

1. Today's World. This 10 item scale was originally documented by Jon Miller, director 
of the Public Opinion Laboratory at Northern illinois University, pursuant to National 
Science Foundation support. No further validation was deemed necessary. This 
instrument assessed participant understanding of technology as well as technolOgical 
reasoning. It was selected to enable comparison of the participants to a larger national 
sample which he reported (Miller, 1986). 

2. Content Information inventory. This 18 item scale was developed by the contractor to 
measure the gain in knowledge about technology directly attributable to the participants' 
course experience. No table of specifications was provided to the TPE, but the TPE was 
told that the instructor / developers incorporated the necessary con tent validi ty. 

3. Technological Literacy Scale (TL3s). This 35 item scale was constructed by the TPE 
specifically for this project. First a table of specifications, derived from the model of 
technological literacy (initially published by Dyrenfurth; 1984, 1987) was developed. This 
research formed the heart of the TPE's research program for the last five years . Then 
more than 75 items were written to measure each target characteristic. This process was 
helped by review of other attempts at instrumenting the concept of technological literacy 
(Smalley n.d ., Miller, 1986). Subsequent refinement by Dyrenfurth reduced these to yield 
the original SO item scale. During early Fall 1988, this scale was pilot tested with 
approximately 200 vocational, high school and junior high school students. Item analyses 
using the MERMAC package were run on the pilot tests. The instrument was also 
provided to the contractor for their review and to enlist their assistance in insuring 
relevance to the industrial setting. Input from these sources triggered the redesign 
and/or rewording of several items and the elimination of five others. A Kuder 
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Richardson reliability of.84 was established. For the 1989 pilot the 45 improved and 
remaining items were arranged in order of increasing difficulty. For the 1989-1990 pilot 
at each of the four new sites, this instrumen t was again streamlined by removing 
multiples of items measuring a key concept. This reduced the instrument to 35 items. 

These three approaches, as described in the preceding paragraphs, were used to assure 
powerful measures of technological literacy -- the heart of this project. To summarize, the 
TI...3s instrument represents a generalized scale to assess the cognitive dimension of 
technological literacy and, because it was not based on the program's content, it was used 
to provide construct validity. Secondly, the Content Information inventory was a content
specific instrument that yielded good evidence of direct course content-related 
achievement. Finally the 10 item scale (Today's World) derived from Miller's (1986) work 
yielded an index of technological literacy that pennitted comparisons to a national sample. 

But cognitive measures alone were not sufficient to establish the technological literacy 
of the participants. This was documented in the work of Raat (1987), de Vries and de 
Klerk Wolters (1986, 1987, 1988) that evidenced a considerable link between attitudes 
towards technology and knowledge of technology. Accordingly the TPE sought input 
about the participants attitudes about technology -- the affective component. After 
considerable research, it was decided that Remmers' scale, An instrument to measure 
attitude about any subject, could be adapted to yield cogent results. This was done by 
specifying technology as the subject. Since the original instrument has been widely 
used and its properties are a matter of record, no further validation was deemed 
necessary. The scale entitled About Technology ... , yields information about four key 
aspects of the participants' attitude towards technology: 

1. Liking technology 3. Learning about technology 
2. Importance of technology 4. Nature of technology 

The psycho-motor aspects of technological literacy were not measured directly. Rather, 
they were indicated by successful module completion because that necessitated suitable 
incorporation of all psycho-motor skills. 

Sample Findings 

Ratings of potential goals 
Goals 

Learning about technology in general 
Developing technological/ automation literacy 
Strengthening basic skills 
Increasing team effectiveness 
Enhancing problem-solving skills 
Learning specific technological skills 
• Basic programming skills 

• Microprocessor control 

• Basic robotics 

• Operating computers 

• Basic CAD/CIM 

Average 
N 

Average Importance Rating 
Overall 

2.17 
2.27 

2.40 

2.23 

2.44 

2.25 
2.29 

2.12 

2.41 

2.31 

2.14 

2.28 

256 

Rating scale: None = 0, Somewhat = 1, Considerable = 2, Utmost = 3 
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How are we doing? 

1. To what degree is the course meeting your expectations? 
Question 1 Scale: Not at all = 0, Slightly = 2, Pretty Much = 4, Completely = 6 

2. The course is valuable to me. 

Overall Average 4.618 
In-process Average 4.476 

Question 2 Scale: Not at all = 0, Slightly = 2, Pretty Much = 4, Completely = 6 

3. I like the course. 

Overall Average 4.524 
In-process Average 4.556 

Question 3 Scale: Not at all = 0, Slightly = 2, Pretty Much = 4, CompleteJy = 6 

Overall Average 5.042 
In-process Average 5.099 

4. During the course/last two weeks, the emphasis on each of the following outcomes was: 
Question 4 Scale: Too Little = 1, About Right = 2, Too Much = 3 

Learning about technology in general 
Developing technology / au tom a tion literacy 
Strengthening basic skills (reading, writing, ... ) 
Increasing team effectiveness 
Enhancing problem-solving skills 
Learning specific technological skills 
• Basic programming skills 
• Microprocessor control 
• Basic robotics 
• Operating computers 
• Basic CAD/CIM 

Average 
How Doing? How Did? 

1.94 
1.98 
1.93 
1.95 
1.95 
1.90 
1.93 
1.81 
1.80 
1.92 
1.84 

1.95 
1.97 
1.94 
2.00 
1.94 
1.91 
1.95 
1.86 
1.84 
1.94 
1.85 

5. During the course/last weeks the balance of hands-on and class work was (%): 
Question 6 Scale: Super = 3, OK = 2, Very Poor = 1 

Reason for class balance rating 

Overall Average 2.535 
In-process Average 2.442 

Question Scale: If too much laboratory time = 2, If too much classroom time = 1 

Overall Average 1.5 
In-process Average 1.5 

6. What was the most interesting/best thing you learned or did during the course? 
• Operating the robot, learning information about robots; key terms 
• Operating the computer; programming robot and the computer (including 

LOGO); learning to improve computer usage; controlling the computer; 
Computer drawing/CAD 

• Learning to learn; team problem solving; Individualized instruction; Made me 
want to learn more; Math review 

• Removed my fear of robots 
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7. What did you learn during the course that you are using: 

• At horne & personally? 

following the circuits in building my personal (cpu) how to use a computer, basic computer skills (17) 

trial & error debugging my plans 

planning skills (4) knowledge 

How to create flow charts and problems solving. .. I can now run logo at home (needed for young 
relatives (teaching 00 ... 

7. What did you learn during the course that you are using: 

• At work? 

team concept, how to work together with people (7) interfacing to robots, familiarity of automation 

understanding of computers (5) Programing (4) 

problem solving (5) Haven't used anything yet (14) 

Understanding and/or controlling robots (8) working with the computers 

8. What were the most problematic/least interesting things you learned/did? 

Nothing really, none (18) 

Nothing, all was very interesting 03 

All was important in attaining basic computer 
operation 

Putting the puzzle together 

Programming (2) 

Keyboard, typing(S) 

Keyboard-but I still need to bring up typing 
speed at home 

Geometry somewhat boring 

9. What problems/ difficulties did you experience with respect to the course's: 

• Instructional materials? 

None, great, infonnative, good, complete &< clear (7) Not enough time 

getting use to the equipment Some areas not clear 

none (48) My learning problems 

need logo program disk made IBM compatible for Difficult to remember everything from one week to 
GW basic. next. 

No command summary I didn't comprehend a lot 

• Equipment? 
None (34) 

sometimes equipment doesn't function properly 

the equipment is not IBM or Hewlitt/packed . 

could be upgraded 

Learn ing a different computer 

Need better equipment that is made in USA 

Remembering technique 

BOC equip should be changed to IBM soon (2) 

9. What problems/difficulties did you experience with respect to the course's: 

• Instructor? 
None (45) 

None, the instructor/s is/are great, very nice, very helpful, OK (17) 

He is a unique individual &< has a talent to make students think out a situation 
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10. If there was one thing you could change, or add or recommend, what would it be? 

• In gener al? 

None, nothing (32) 

great no change (2) 

make it easier to understand 

ok, just right, good (4) 

I'd take the course over again 

a bit more cooler 

To have this class (2) days a week 

more instruction 

10. If there was one thing you could change, or add or recommend, what would it be? 

• To the equipment? 
None, nothing (23) 

upgrade the eqUipment 

ok (5) 

upgrade to IBM pc compatible w /101 keyboards as have been standardized world wide 

10. If there was one thing you could change, or add or recommend, what would it be? 

• To the instructional materials? 
None (34) 

Keep the same, good (3) 

They are ok (9) 

materials are well written & comprehensive 

Include a sununary of corrunands 

• To the teaching methods & activities? 
None, nothing (28) 

great, OK, good (10) 

More time for program 

add tutorials 

11. Would you recommend that other employees participate in this program? 
Question 11 Scale: Yes = 2, No = 1 

Overall Average 1.99 
In-process Average 1.99 

12. Indicate the overall effectiveness of.e.i!..dl of your instructors. If one of the listed 
instructors did not teach your class, check (..J) the N / A column. 

Question 14. Scale: N/ A = omit, Very Poor = 0, Fair = 2, Good = 4, Outstanding = 6 

Overall 
Instructor 1 
Instructor 2 

Average 

5.387 
5.256 

5.348 



- 255 -

TPE Observation Form 

Session /Class #: All Date: see below Time: varies TPE: MID/ILB 

Instructor(s): documented in report 

Module/Content Being Taught: Robotics & Automation Literacy Series 

Special Comments: This summary reports an overall synthesis of all observations 

1. Classroom Climate: 
Constructive Negative Tense Easy-going Organized 

Site I const:ctive I I Negative 
Overall 7 

Site I Tense I EasyGoing 
Overall 2 4 45 

Site 

Overall 
I Organized 

38 6 
I Confused 

2, Nature of participant work/activity: [Effective materials? Problem solving? Basic skills?] 
- Equipment Overall it worked well. some problems emer~ed with 

heavY use but not major ones, participants used it 
extensively, also many expressed preference for 
IBM-based system 

- Instructional material Very effective, appropriate for i:!0up's level. extensive 
use of flip charts, well prepared, error sheet 
distributed, repacka~ni; of individual modules into 
one packa~e helped some people, many participants 
l:Q!!Imented favorably 

- Class Most worked well together, discussed in-plant 
problems and applications, reinforced one another 

- Group work Extensive peer tutorin~ took place, participants 
commented about contributions to team-work and 
problem-solvin~ skills, was a particularly effective part 
of the ACIT proi:!am 

- Individual Most participated effectively, many took advantage 
of open laboratory sessions, individualized instruction 
was an effective methodolojp' for majority, In some 
case with in-experienced instructors and participants 
unused to the responsibility, approach led to difficulties 

3, What is the instructor doing? [Effective instructor?] 
Instructors were generally effective, even newer, less experienced ones, They 

provided group structure, observed work assisted where needed, set tone, 
performed administrative work, explained problems, much individual work with 
partiCipants, motivated, injected ener~-level 

Confused 
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. How is the equipment & facility working? 
Generally well. Generally were kept veO' neat. the small one was 
tii;ht Quarters for classes over 12-]4. jnitial start-up problems at 
several sites but these were soon overCQme with help frQm leaders. 
Well equipped. nice tQuches fQr participant CQmfQrt . Problems 
Qbserved (QccasiQnally) included seryQmotors on rQbot Qverheating. 
malfunctioning pro~amming menu. Qut-of-order workstation. cold 
prior to power cQnnection. disk saving problem. 

5. Participant comments/reactions/attitudes: [Liking program? Valuable effects? Program improvements?] 
Generally yeO' positive. both content and method were obviously 

appreciated. They felt good about the prQ~am and praised 
instructors. many wanted more courses instead of waiting extended 
period befQre next course was started. Most participated actively 

6. Other Observations: [Suggestions for improvements?] 
Problem with some robots needed attention and was handled. Small 
number of text-reality inconsistencies. more coordinated effort 
(between contractQr and plant. needs tQ occur tQ streamline and make 
mQre efficient the disseminatiQn of infQrmatiQn about the prQwam 
and enrQllment. Some ven' small class sizes and sessiQns. Perhaps 
too much flexibility and accommQdatiQn Qf participant wishes. ~eat 
amounts Qf individual ability differences in classes. CQmputer in 
class helped track students 



1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 

- 257 -

TL Sample Summary Scores, pre/post 

Technological literacy instrument (AEA) 

Site 
Overall 

Technological Literacy (TL35L-

Pretest Post Test Gain 
54.5 60.6 +6.08% 

Content Infonnation Inventory 

Site 

Overall 

% Data 

Question Clear 
Pilot Nat. 

Radiation 21 31 
GNP 17 27 
Telephone 28 19 
Software 28 24 

Question Clear 
Pilot Nat. 

Planning 10 20 
Luck 31 40 
Smoking 85 95 
Medicine 43 75 
Weather 37 41 

Infonnation Inventory 
Pretest 

% Correct N 
54.0 273 

Post Test 
% Correct 

80.67 
N 
108 

Technological Literacy-National Comparisons 

General Little Weighted Average"" 
Pilot Nat. Pilot Nat. Pilot Nat. Dif. 

57 51 22 19 1.988 2.14 -{J .152 
54 22 29 50 1.881 1.75 +0.131 
54 48 17 33 2.112 1.86 +0.252 
51 33 20 43 2.067 1.81 +0.257 

General Little Weighted Average" 
Pilot Nat. Pilot Nat. Pilot Nat. Dif. 

6 2 84 78 2.27 2.58 -{J.31 
26 4 43 56 2.88 2.16 +0.72 
11 1 4 3 2.18 2.90 -0.72 
43 8 14 18 2.71 2.59 +0.12 
37 12 26 47 2.89 1.94 +0.95 

Gain 
26.67 

10. Space 25 43 51 11 25 46 2.00 2.03 -{J.03 
Over ... U Average 2.298 2.176 0.122 

Note: 
Nat. = National data proportioned from Jon D . Miller, Technological Lituacy: Some Concepts and Measures, February 
14,1986. A paper presented at the National Conference on Technological Literacy. N = 1992 

Weighted average is calculated on a 3 point scale : Oear = 3, General = 2, Little = 1; Agree or disagree (if correct) = 3, 
Undecided = 2, Disagree or Agree (if incorrect) = 1 

• All weighted averages calculated so that 3.0 is most desirable 
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Technology Attitude 
Overall Sample Summary Sub-Scores 

liking Importance Learning Nature 
Pre Post t. Pre Post 6 Pre Post t. Pre Post t. 

Overall 3.42 3.49 +.07 3.48 3.68 +.20 3.33 3.35 +.02 2.63 2.90 +.27 

1. Liking: Items 1,3, 5 
The closer to 4.0 the more the respondent likes technology 

2. Importance: Items 2, 4, 7, 14 
The closer to 4.0 the more the respondent believes technology to be important 

3. Learning about technology: Items 6,9, 10, 13 
The closer to 4.0 the more positive the respondent is about learning about technology 

4. Nature of technology: Items 8. 11,12 
The closer to 4.0 the more the respondent recognizes technology as a balanced force 

Multiply gains/losses by 33 to get % shift (approximately 7-9% gain overall) 
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Date: Name/ID#: 

Technological Literacy 35 Instrument 

1. Assembly line production is used because: 

a. It costs less than other methods 
b. It makes many products per hour 
c. Workers can be quickly trained for it 
d. All of the above 

2. Using the conversion table shown below, convert the following fraction to a decimal 
21/64 = 

a. .3281 

b. .2164 

c. .8281 

d. Not given 

Decimal Equivalents 

3/32 .0938 19/32 .5938 
17/64 .2656 49/64 .7656 
9/32 .2812 25/32 .7812 

19/64 .2969 51/64 .7969 
5/16 .3125 13/16 .8125 

21/64 .3281 53/64 .8281 
11/32 .3438 27/32 .8438 

3. The American space exploration program was only possible because of the 
development of: 

a. New ceramic materials 
b. Computers 
c. New navigational devices 
d. All of the above 

4. Most American automobile production is an example of: 

a. Intermittent production 
b. Continuous flow production 
c. Mass production 
d. Craft production 
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Use the diagram to secure the needed values for question 5. 

5. The value of dimension 

~ .95" ..j . 50~ ~ A 

a. 1.85 ...-------. 
b. 2.45 

c. 2.70 

d. 1.95 

(not to scale) 

6. The graph illustrates: 

7. 

a. Fewer rejects at higher 
production rates 

b. A straight link between 
production rates and 
rejects 

c. Low production rates at 
times of high rejects 

d. Rapidly increasing 
numbers of rejects at high 
production rates 

... 
::I 
0 
.c ... 
8-
III 

1i 
~ 
a: 

10 

8 

6 

4 

2 

20 40 60 
Production, Units per hour 

Refer to the working drawing given below and select the answer that gives the right 
maximum and minimum of distance C. 

a. 2.590112.490 

b. 2.600112.400 

c. 2.5011/2.499 

d. 2.5101/2.500 1 
B 1.0" 

1 Tolerances t 0.10 unless 
otherwise noted 

L....---------I 

T 
.87" D 

L 
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8. Which one of the following careers would be heavily affected by the increased use 
of robotics? 

a. Assembly line welder 
b. Painter of tractor parts 
c. Assembler of hydraulic valves 
d. All of the above 

9. To properly judge the effects of a technological innovation, one should: 
a. Measure the dollar effects resulting from it 
b. Estimate the impacts of it on our society 
c. Identify its impact on the people using it 
d. All of the above 

10. Which of the following problems would best be classified as a technological 
problem? 

a. When one should buy a car 
b. What car one should buy 
c. How one insulates a home 
d. Why people have red hair 

The ruler shown below is to be used for questions 11 & 12. 

I. A .1. B.J I. C ~. D .J r jI r II r II 1'1 iii II I i I' I' I' I i I 'I' II I iii I iii I' I iii I' I i I' I' I iii I 'I' I iii II I i II I i I' I i I 
3 4 8 12 16 20 24 28 4 4 8 12 16 20 24 28 5 4 8 12 16 

11 . The distance A = /8 
a. 16 
b. 1 
c. 4 
d. 8 

12. The total of distances A + B + C + D = /8 
a. 28 

b. 16 
c. 32 

d . 18 

13. Flying chips are generally not a problem in industry because all machines are 
equipped with safety shields. 

a. The statement is true 
b. The statement is false 
c. The statement is true but safety glasses need to be worn anyway 
d. The statement is false but safety glasses need to be worn anyway 
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14. Materials & processing technology includes: 
a. Manufacturing 
b. Construction 
c. Materials science 
d. All of the above 

15. For communication systems to be effective: 
a. Little or no noise should exist 
b. The receiver and sender must share a common language 
c. Messages must be accurately sent and received 
d. All of the above 

16. Consider a typical factory's automated spray paint station that uses a robot to paint 
parts passing on a conveyor. Which of the answers contains the best list of sub
systems of such a work station? 

a. Controlling computer, transfer robot, auto-conveyor, cell perimeter 
b. Instrumentation unit, auto-conveyor, warehouse unit, read-out and input unit 
c. Auto-conveyor, controlling computer, spray robot, read-out & input unit 
d. Vision system, auto-conveyor, light system, transfer robot 

17. Which answer best describes the parts of a computer. 
a. Input unit, e.g. , keyboard: output unit, e.g., printer; storage unit , e.g., disk drive; 

indicator unit, e.g., video display; memory unit; central processing unit 
b. Intelligence unit; output unit, e.g., printer; analog unit ; indicator unit, e.g., video 

display; digital unit ; memory unit 
c. Membrane unit; central processing unit; input unit, e.g., keyboard; indicator 

unit, e.g., video display; digital unit 
d. All of the above 

18. Why has solar energy not achieved the widespread acceptance that some had 
predicted 20 years ago? 

a. An oil company conspiracy 
b. Acid rain has decreased the intensity of the sunlight reaching earth 
c. It is still too expensive to produce 
d. lack of government research funds 

19. Which step in the problem-solving process would best be done right after one 
defines the problem? 
a. Choosing the best solution 
b. Brainstorming and generating several possible solutions 
c. Testing the ideas 
d. Establishing ways to evaluate competing solutions 
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20. The circuit shown in the diagram is a: 
a. Series circuit 
b. Parallel circuit 
c. Alternating 

circuit 
d. Open circuit 

B.I~L.ery _______ ..&.~_:..;.:t·_\_----I~ 
Light Light 

21. If you wanted to buy a VCR but were uncertain about which one of two major 
brands to buy, what is the best way to decide? 

a. Read the specifications sheets for each 
b. Read an independent consumer testing magazine 
c. Ask people who have used both 
d. Try each one for several days 

22. The process of tempering metal : 
a. Softens the metal and removes internal stresses 
b. Increases the metal's resistance to scratching and abrasion 
c. Toughens the metal 
d. Is not described 

23. Getting additional training beyond high school, instead of working, typically : 
a. Makes one more specialized 
b. Widens one's options for a job 
c. Puts one behind others in seniority 
d. All of the above 

24. Which answer best describes the geometry of the lines shown in figure B? 

a. A 
Perpendicul 

ar 
b. Transverse c 
c. Parallel B 

d. Tangent 
25. Construction technology is typically : 

a. Used in factories rather than on site 
b. Old fashioned and obsolete 
c. Contemporary and modern 
d. Used on site rather than in factories 

26. Which three main fields make up industrial technology: 
a. Metals, Organics, Natural materials 
b. Construction, Manufacturing, Transportation 
c. Energy & Power, Materials & Processing , Communication 
d. Economics, Materials, People 
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27. The words; pneumatic, hydraulic, mechanical and electrical; each describe: 
a. A type of power transmission system 
b. An energy source 
c. A type of motor 
d. A form of power loss 

28. Knowing one's personal limits is important to understanding technology. For 
example trades people, technicians, and even high level technologists would oot 
attempt to: 

a. Use a computer 
b. Communicate detailed technical information 
c. Repair an integrated circuit chip 
d. Make basic things from wood, metal or plastic 

29. Which source would most likely contain up-tQ-date infQrmation on a technical 
problem and solution? 

a. Monthly trade magazine 
b. An on-line data base 
c. Government research report 
d. Technical book 

30. Sensors and transducers are typical components of : 

31. 

a. Instrumentation and control systems 
b. Production systems 
c. Manufacturing systems 
d. Robot systems 

Select the best name for the system shown in the diagram: 
a. Computer-based 

typesetting system 
b. Computer-based 

publishing system 
c. Computer-based 

remote 
communication 

system 
d. Computer-based 

design system 

In 

Keyboard 
Input unit 

;§~ 

Graphic 
input unit 

~~ 

Display 
device 

t--... 'l~l( 
Laser 
printer 
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32. Ultrasonic testing is an example of: 
a. Destructive testing 
b. Measurement testing 
c. Non-destructive testing 
d. All of the above 

33. CAD/CAM means: 
a. Communication assisted drafting/computer-assisted memory 
b. Computer-aided design and computer-assisted manufacturing 
c. Computer-aided development and computer-assisted marketing 
d. Computer-assisted demonstration and computer-assisted management 

34. Energy cannot be: 
a. Created 
b. Stored 
c. Used 
d. Wasted 

35. Most technological innovations have : 
a. Positive and negative social impacts 
b. Negative economic and positive social impacts 
c. Both positive and negative economic and social impacts 
d. Neither economic or social impacts 



# of Items 
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Technological LiteracY35 Instrument Specifications: 89-90 

Component of technololPcal literacy 

1. Working with technology 
..L 1. Personal applications 
..L 2. Consumer applications 

3. Work/occupational applications 

2. Technological procedures 
1. 

.1.. 2. 

..1.3. 

.1.. 4. 
A. 5 . 
..L 6. 
.1.. 7. 
2. 8. 
2. 9. 
..L 10. 
2. 11 . 

12. 
13. 
14. 

Leadership 
Careers 
Calculations 
Accessing/processing information 
Reading/producing graphics 
Working safely 
Measuring 
Problem-solving 
Systems analySis & synthesis 
Computer utilization 
Technology assessment/evaluation (impacts) 
Futuring 
Experimenting 
Simulation 

3. Overview of Technology 
..L 1. Nature and structure of technology 
..L 2. Evolution and history of technology 
..L 3. Impacts/effects of technology 

4. Overview of Industrial technology (1) 

1. Overview of communications technology 
..L 2. Overview of materials & processing technology 

3. Overview of energy & power technology 

5. Communications technology fundamentals 
..L 1. Basics 
2. 2. Engineering graphics and design 

3. Graphic communications (print) 
..L 4. Photographic communications 

5. Electronic communications 
6. Communications applications 

6. Energy & power applications 
..L 1. Energy basics 
..L 2. Power basics 
..L 3. Electricity /electronics basics 
..L 4. Instrumentation & control 

5. Energy & power applications 

7. Materials & Processing technology fundamentals 
2. 1. Materials technology basics 
l2. Construction technology basics 
2. 3. Manufacturing technology basics 

4. Materials & processing applications 

8. Societal impacts (1) 

1. Economic 
..L 2. Social 

Total number of assessments in 35 item instrument (note: some items measure 
more than one component) 

TlA5 item #: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
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TL35 item #: 1, 2, 3, -, 4, 5, -, 6, - --, 7, 8, --, 9, 10 

TIA5 item #: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
TL35 item #: - , 11, 12, --, 13, 14, 15, 16, --, 17, 18, 19, 20 

TIA5 item #: 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 
TL35 item #: 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, --, 

TL45 item #: 42, 43, 44, 45, 
TL35 item #: 33, 34, --, 35 
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Problem Solving Observation Form 
Session: _____ _ Class: Group/lnd: ______ _ 

Date: Time: ______ _ Observer: ______ _ 

Rate the extent to which the grouplindividual has implemented each major step of the 
problem-solving process. Use each step's components as indicators of accomplishment. 

1. Identify problem ............................... I N/A II Weak I Somewhat I Good 

- Analyze probleln .......................... I N/A I OK 

- Analyze the problem's context..... I N/A I OK I 
- Define & clarify the problem...... .. I N/A I OK I 

2. Establish solution criteria ....... ....... I N/A II Weak I Somewhat I Good 

- identify appropriate criteria .......... N/AI OK 

- Identify constraints and limitations N/AI OK 

- Weight criteria according to ......... N/AI OK 
the nature of the problem 

- Develop a design brief .......... .... , .. N/AI OK 

3. Assemble pertinent Information..... I N/A II Weak I Somewhat I Good 

- Search for information ................ . I N/AI OK I 

- Analyze information .......... .. ........ I N/A I OK I 

- Synthesize appropriate information .. I NI A I OK I ....... 

4. Formulate alternative solutions ...... I N/A II Weak I Somewhat I Good 

- Brainstorming...... .. ................ .... .. I N/AI OK 

- Remove barriers/creative juices.. I N/A I OK 

5. Evaluate alternatives ........................ I N/A II Weak I Somewhat I Good 

- Apply solution criteria .... .... .... ...... I N/AI OK 

- select optimum solution ............... I N/A I OK I 

6. Implement prototype solution ......... I N/A II Weak I Somewhat I Good 

- Develop prototype solution ....... I N/AI OK 
- Produce drawings 
- Theoretical testing 

Plan implementation of solution .. INIAl OK 

Implement prototype solution ....... I N/AI OK 

Evaluate prototype solution in use I N/AI OK 

7. Refine solution .................................. I N/A II Weak I Somewhat I Good 

- communicate the solution ............ I N/AI OK I 

- Refine the prototype solution ....... I N/AI OK I 

- Implement the refined solution .... I N/AI OK 

- Monitor the solution appropriately I N/AI OK 

©MJDIRoolled Exoertise Rssociates 11988 

Superior 

Superior 

Superior 

Superior 

Superior 

Superior 

Superior 
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The Problem Solving Process 

1. Identify problem 
- Analyze problem 
- Analyze the problem's context 
- Define & clarify the problem 

2. Establish solution criteria 
- identify appropriate criteria 
- Identify constraints and limitations 
- Weight criteria according to the nature of the problem 
- Develop a design brief 

3. Assemble pertinent information 
- Search for information 
- Analyze information 
- Synthesize appropriate information 

4. Formulate alternative solutions 
- Brainstorming 
- Remove barriers/creative juices 

5. Evaluate alternatives 
- Apply solution criteria 
- select optimum solution 

6. Implement prototype solution 
- Develop prototype solution 

- Produce drawings 
- Theoretical testing 

- Plan implementation of solution 
- Implement prototype solution 
- Evaluate prototype solution in operation 

7. Refine solution 
- communicate the solution 
- Refine the prototype solution 
- Implement the refined solution 
- Monitor the solution on an appropriate basis 

©MJDIRoolied CHoertise RssociBtes 11988 
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Today's World 

These questions are used to learn about your opinions and thoughts about technology in 
today's world. Please check ('\1) only one box for each question. 

Please show what you believe about each of the following: 

I have a I have a I have 
clear understanding general understanding little understanding 

1. What radiation is 0 0 0 
2. What the Gross National 0 0 0 

Product (GNP) is 

3. How a telephone works 0 0 0 
4. What computer software is 0 0 0 

Please show your opinion about each of the following statements: 

I agree lam I disagree 
with the not sure with the 

statement statement 

5. It is not wise to plan ahead because 0 0 0 
many things turn out to be a matter 
of good or bad luck anyway. 

6. Some numbers are especially 0 0 0 
lucky for some people 

7. Smoking causes serious health 0 0 0 
problems 

8. There are good ways of treating 0 0 0 
sickness that medical science does 
not recognize 

9. Rocket launchings and other space 0 0 0 
activities have caused changes in 
our weather 

10. It is likely that some of the 0 0 0 
unidentified flying objects that have 
been reported are really space 
vehicles from other civilizations 

©MJD/Rpplied CHpertise Rssoc/ates 11988 



- 271 -

UNDERSTANDING TECHNOLOGY USING QUALITATIVE 
DOCUMENT-BASED ANALYSIS METHODOLOGY 

Dr. R.L. Custer, University of Missouri-Columbia 
United States of America 

Students in our culture need to study technology. Technology is rapidly 

becoming one of the most powerful forces in the world. As such, educational 

systems are increasingly becoming aware of the need to examine technology as part 

of the general education of all students. Clearly, technology is interwoven through 

the fabric of existence around the world. 

At the same time there is serious potential for inappropriate and superficial 

treatment of the concept. What is technology? Is it artifacts or are artifacts only its 

products? If so, then what is the essence of that which produced the artifact? To 

what extent should the study of technology involve being conversant with issues or 

being knowledgeable about technical matters involving technology? What about 

the potential for activity based "doing" technology? Clearly, it is critical that the 

content of course work in technology be carefully identified and clearly articulated at 

the conceptual and theoretical level if it is to be appropriately delivered within the 

educational system. If this fails to occur, the understanding of the content base may 

be trivial and unfocused, or worse, altogether misdirected . The impact of 

technology education may be both inconsequential and insubstantial. Paul DeVore 

(1980, p. 216) confronts the issue, stating that "there is much more discussion about 

technology then ever before in the history of humankind. Yet, even with an 

increased awareness, most people find the nature and characteristics of technology 

perplexing and confusing." 

Evidence of confusion and ambiguity are easily found in the literature. For 

example, some view technology as applied science (Bunge, 1966) while others argue 

that scientific knowledge is rooted in technological knowledge (Jevons, 1976). 

Technology has been conceptualized in terms of control. At one extreme, 

technology is viewed as controlling humanity, i.e., as being beyond the intellectual 

and manipulative grasp of the citizenry. At the other extreme, technology is seen as 

a manageable prime mover for economic and cultural progress. Other views 

conceive of technology in terms of craftsmanship or as a major component of 

cultural adaptive systems (DeVore, 1980). 

One characteristic which is clearly evident in the literature is that various 

members of the academic community conceptualize technology differently. For 
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example, segments of the scientific community have viewed technology as applied 

science, whereas engineering has historically focused on design and "making things 

work." Harrison (1984) is among those who have identified technology with both 

engineering and education. 

Given the lack of conceptual clarity related to technology and the diversity of 

perspectives both across and within disciplines, there was a significant need for a 

study which would systematically identify, clarify, synthesize, and contrast the 

various approaches to understanding the meaning of technology. 

Introduction and Statement of the Problem 

The identification of technology as the content base for Technology Education 

represents significant change. The choice of technology as the source of content was 

formalized during the decade of the 1980s. What is not clear, however, is that the 

implications of the choice are understood . Even if the concept of technology existed 

as a distinct, unique and clearly understood construct, the identification of 

technology as a content base poses some major challenges for curriculum 

realignment, facility and equipment changes, and teacher education. Since the 

concept of technology is viewed in many ways, it becomes critical that the theoretical 

foundations be more carefully laid if technology is to provide the kind of solid 

theoretical base required to drive an academic discipline and its educational 

implementation. This concern is even more critical if Technology Education hopes 

to contribute substantively to general education. 

The problems which were addressed by this study were: 

• The existence of contrasting and diverse approaches to understanding 
technology. 

• A lack of conceptual depth and clarity in envisioning technology as the 
base for education about/in technology. 

• The historical confusion over (and ignorance of) the concept of technology 
in education, public policy, and economic/industrial growth. 

The Purpose 

The primary purpose of the study was to identify characteristic ways of 

thinking about (conceptualizing) technology. This analysis focused on the following 

objectives: 

• To identify and analyze the key concepts, theories, definitions, and 
conceptual frameworks, and above all, the thought processes used to reach 
an understanding(s) of technology. 
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• To identify significant existing similarities, contrasts, and configurations of 
thinking and approach across the four selected academic disciplines. 

• To provide a comprehensive, diverse, and theoretically appropriate 
conceptual understanding of technology as a content basis for the 
technology education discipline. 

Research Method and Procedures 

One of the major contributions of this study was the development of a 

systematic methodology for conducting document-based, qualitative research. 

Preliminary research indicated a serious lack of formalized procedures for 

conducting document-based, qualitative conceptual analysis. During the 

preliminary stages of the study, numerous methodological approaches were 

examined including: (a) content analysis (in linguistic studies and journalism), (b) 

General Systems Theory (von Bertalanffy's work), (c) as well as other qualitative 

approaches (e.g., ethnographic techniques). 

One of the critical initial steps in the research consisted of developing a 

systematic process for this type of analytical process. This resulted in the 

development of a five phase procedure: (a) a systematic key document nomination 

and selection process, (b) a formalized concept analysis procedure for each selected 

document (ncluding a document analysis instrument), (c) two levels of synthesis 

(one for within the four academic disciplines and another to draw comparisons 

between the disciplines), and (d) a validation of findings through colloquium 

interaction of leading experts. 

The nomination/selection process yielded twenty documents from four 

different academic areas. These documents (fifteen books and five articles) were 

selected by a highly qualified panel of experts representing top U.S. research 

institutions (i .e., Stanford, MIT, Harvard, etc.) Five documents were selected to 

represent the best conceptual thinking from each of four academic areas including 

(a) engineering, (b) philosophy, (c) the natural sciences, and (d) technology 

education. Documents which were selected for detailed analysis by disciplinary area 

were: 

Engineering 

• What Engineers Know and How they Know It 
Vincenti, W. (1990) . 

• Toward the Understanding of Technology in Society 
Kline, S. (1977). 
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• The Existential Pleasures of Engineering 
Florman, S. (1976). 

• Technological Innovation 
Kelly, P. & Kranzberg, M. (1978). 

• The Culture of Technology 
Pacey, A. (1983). 

Science 
• Technology (AAAS - Project 2061 Panel Report) 

Johnson, J. (1989) . 

• Science, Technology, and Society 
Spiegel-Rosing, I. & de Sola Price, D. (1977). 

• The Culture of Science, Technology, and Medicine 
Durbin, P. (1989). 

• Technology, Evolution, and Purpose 
Brooks, H. (Winter, 1980) [Daedalus]. 

• Science and Technology 
Baker, W. (Winter, 1980) [Daedalus] . 

Philosophy 

• The Technological Society 
Ellul, J. (1964). 

• Technological Man 
Ferkiss, V. (1967). 

• Technology as Knowledge 
Layton, E. (1974). 

• Ph ilosophy & Technology 
Mitcham, C. & Mackey, R., eds. (1972). 

• What is Technology? 
McGinn, R. (1978). 

Technology Education 

• Technology: An Introduction 
DeVore, P. W. (1980). 

• Jackson's Mill Industrial Arts Curriculum Theory 
Snyder, J. & Hales, J. (1981). 

• A Rationale and Structure (IACP) 
Towers, E. , Lux, D., & Ray, W. (1966). 

• Technology: A Theoretical Base for Industrial Arts Education 
Kasprzyk, S. (1973). [Dissertation]. 

• New Liberal Arts: Technological Literacy for the 21 st Century 
• Liao, T. (1988) . [Journal of Technology & Society] . 
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Findings and Conclusions 

Diversity. The findings contained some surprises. First, it was striking that 

relatively few of the selected documents were primarily concerned with 

conceptualizing technology as a central purpose. Rather, numerous related topics 

were discussed. This sent a strong message that one viable approach to 

conceptualizing technology is to view it from various perspectives using different 

approaches, both direct and indirect. 

It might have been expected that certain patterns of themes and approaches 

would emerge within the various disciplines. For example, engineers could have 

focused on areas such as design accompanied by the generous use of formulas, 

graphs, and vectors. In like manner, philosophers could have been expected to deal 

primarily with the world of ideas and concepts . This did not occur. Rather, the 

engineering li terature was dominated by discussions of issues such as 

environmentalism, medical ethics, global responsibility. Similarly, some of the 

philosophical materials were among the most practical of the collection. 

Thus, conceptualizations of technology are quite diverse. Taken as a whole, 

the documents send the clear message that technology is not as simple as tools, 

appliances, automobiles, computers, etc. Neither is it a kind of singular, objective 

reality that is "out there" being experienced and perceived in the same way by 

scholars from around the globe. Technology is a dynamic and complex concept that 

also has to do with a mix of processes, systems, cultural contexts, and wide-ranging 

knowledge base. 

Certainly the main point of education is to expand the minds of students. 

Most people have notions about what technology is. One of the primary jobs of 

technology education is to expand those notions. Many people have very little 

sense of just how much they are impacted by technology. Furthermore, few people 

know much at all about how those things work. An appropriate study of technology 

is needed to address the void. 

Obscurity. A second disturbing surprise was the embarrassing lack of 

recognition of the Technology Education documents by scholars outside of 

vocational education. Representatives from the other disciplines are not aware of 

goals and directions of attempts to explore technology in education. Almost none 

nominated or voted for the Technology Education documents. This was 
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particularly unfortunate given that some Technology Education materials were 

among the best conceptual literature in the study. 

A serious need exists for technology educators to seek active professional 

involvement beyond the confines of their own profession. Conversations should 

occur with scholars including historians, political scientists, philosophers of 

technology and science, and more. Images and perceptions change very slowly. 

Technology Education is still "shop" to most of the academic community. If 

technology educators are going to gain credibility, it is critical that they engage in and 

demonstrate the results of serious, focused, and sustained interdisciplinary 

scholarship. 

Definitions of technology. Throughout the study, definitions of technology 

played a secondary role in the conceptualization process. The best 

conceptualizations typically did not begin with an analysis of how technology was 

defined. Rather, definitions were better understood as outcomes of a complex and 

involved mix of thinking, personal and cultural perspectives, academic background, 

and more. 

Technology was generally defined in terms of the appropriation of certain 

knowledge and ingenuity toward some specified goal or purpose. Some common 

denominators include: (a) knowledge, (b) ingenuity and resourcefulness, (c) technological 

capability, (d) a goal or purpose, (e) a means or criteria for assessing outcome and or impact, 

(f) purposeful activity, and most important, (g) the use and/or creation of physical objects. 

These dimensions consistently served as the structure (or framework) for containing and 

describing technology. 

At a fundamental level, this study also sent the message that at least some 

involvement and capability with technology are essential if technology is to be 

understood in depth. Conceptualizing technology is based on a rich blend of mind

and hands-on activity. 

Social Sciences Dimension. Another major finding was that, in spite of the 

delimitation of the social sciences (i.e., psychology, sociology, anthropology, history, 

and political science) from this study, the social science dimension surfaced 

repeatedly. As the materials were analyzed, it became apparent that the bulk of the 

thinking involved an implicit social science orientation. Examples include impact 

on society/culture, historical developments, political responsibility and future 

actions, and affects on social groups. The message is that technology is inextricably 
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woven throughout the fabric of human activity and that technology cannot be 

meaningfully understood apart from human activity. The results of this study 

indicate clearly that the conceptualization of technology risks superficiality if 

detached from its social and cultural (human activity) contexts. Clearly, Technology 

Educators do not possess all the tools needed to understand technology. The tools of 

the social scientists are essential if the concept is to be understood in its fuller 

dimensions. 

Implications and Recommendations 
The findings of the study have important implications for Technology 

Education. First, the study of technology should occur in the elementary grades. 

This would encourage young children to explore and interact with technology when 

they are inherently curious about and actively engaged with their world. 

Second, the study of technology should be interdisciplinary. The results of 

this study indicate that different academic communities bring uniquely important 

dimensions to the study of technology. If the concept is to be explored in depth, 

conversation must occur across the broadest possible range of study. Given the 

embarrassing lack of recognition of the technology education literature outside of 

Technology Education, a concerted effort should be mounted to develop 

mechanisms within the profession for extending the scholarship of Technology 

Education beyond the boundaries of the discipline. Among the organizations which 

should be approached for professional involvement are: 

• the National Association for Science, Technology, and Society (NASTS) 
• the American Society for Engineering Education (ASEE) 
• the National Endowment for the Humanities (NEH) 
• the National Science Foundation (NSF) 
• the Society for Philosophy of Technology 
• the Society for the History of Technology (SHOT) 
• the Sloan Foundation; and the American Association for the 

Advancement of Science (AAAS). 

A third implication concerns the active nature of technology. One of the 

major strengths of Technology Education has been its long history of activity

oriented interaction with technology. Methodologies should be developed to 

reflectively and sensitively explore the implications and essence of that knowledge. 

Questions should be raised, e.g., 'What goes on in the minds of tinkerers, inventors, 

and problem-solvers?" "What kinds of things do they know?" 'What kinds of 
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information do they start with and how is that knowledge applied and transferred 

into other areas?" It is essential that this activity-oriented approach to the study of 

technology be retained as the base of content shifts toward the study of technology. 

Fourth, there is a need to articulate and coordinate the implications of 

selecting technology as a base of content for curriculum theory. The change from 

Industrial Arts to Technology Education is far more serious than a shift from an 

industrial/artistic to a technological base of content. The fact that technology is both 

highly conceptual and applied has profound implications for curriculum 

development and delivery. 

Finally, given the close conceptual association between technology and 

engineering, work should be directed toward an articulation between the two 

disciplines. Clearly, the two share much in common, including a common heritage, 

similar processes and knowledge base, and more. There is potential for greater 

interaction with benefits for both professions. 
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THE EUROPEAN SCIENCE & TECHNOLOGY EDUCATION 
DATABASE (ESTED) PROJECT 

J.S. Fisher, S. Hodson, Oxford Schools, Science and 
Technology Centre 
United Kingdom 

Summary 

This paper outlines the work undertaken at Oxford Schools Science and Technology 
Centre ih terms of the European Science and Technology Database Project (ESTED).This 
research and development project was undertaken at OSSTC over the last six years . It 
was intended to fill the large vacuum which existed in t~rms of technological data storage 
and access and communication for those concerned with school science linked technology 
education in the post 1992 Europe. The project had two main elements: firstly, a research 
study and secondly, a computer software development initiative which were inherent 
within each other. This research and development was intended to lead to new insights 
into technology education and a product in the form of a new relational database system 
designed especially for those concerned with science linked technology education. 

This paper gives a brief description of the background, research and development, the 
production database, research findings and conclusions. 

Introduction and Background 

During the last twenty years a movement towards the development of technology 
education in schools has been emerging and btcoming established in most of the 
westemised nations. Europe in particular has been in the vanguard of this development 
and has at the present.time a substantial world lead in this field . 

European industry has been actively involved in promoting science linked technology 
education for school pupils. Industrialists see technology education as being essential to 
the support of the future economic well being of Europe. Such industrial giants as 
Phillips, BP, ICI, Aco~, Oxford Magnets, to mention but a few, give support in various 
ways. They see the link between technology, science, and mathematics as being essential 
to an educated, responsive and entrepreneurial work force capable of meeting the 
challenges of the 21st century. 

Our colleagues and industrial competitors in the United States of America, Australia and 
New Zealand have also grasped the importance ·of technology education and substantial 
moves are being made to ensure that they are not left behind in the field . The USA in 
particular has been very active, they are well advanced in promoting the subject in many 
states. Their industry is also backing them e.g. NASA and IBM. An International 
Technology Association is also well established in the USA. In Australia the Australian 
Council for Education through Technology (ACET) is also well established. 

In the latter part of 1988, as a result of the above developments and initiatives, a 
European Society for Technology Education (EGTB) with its headquarters in West 
Germany was formed with the intention of ensuring that Europe maintains its lead in this 
industrially and economically relevant education field . The EGTB currently has members 
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in universities, colleges, schools, education authorities and institutions and government 
departments in the UK, Germany, the Netherlands, France, Belgium, and Greece. 

In 1989 new developments in european unity took place with the rise of national 
technology education associations, independent of the EGTB, causing the notion of a 
SCESTE (Standing Conference of the European Societies for Technology Education) to 
arise. which the EGTB Structural Reform paper Authors Tyrshan and Kussmann' 
indicate SCESTE is to have the brief of: 

" the scientific exchange of experiences concerning technology education in the member 
countries; 
the running of common scientific conferences and research projects; 
the co-operation with constitutions for technology education on the international level" 

Research and Development 

The research and development programme2 has been devoted to investigating, 
illuminating, and solving a series of problems surrounding, and inherent within, a major 
science linked technology education project development, namely the European Science 
and Technology Education Database (ESTED). (The intial project proposal was described 
in a UK technology journal in 199Q3.) 

The research concentrates upon addressing the problems confronting european 
technology educators. These problems are: 

1. efficient access and usage of the vast amount of useful research data, 
curriculum material, equipment, software and hardware, and professional 
expertise that exists in europe as a whole rather than in individual european 
member states.; 
2. reducing to a minimum the duplication of effort when developing research 
projects, curriculum materials, hardware and software for the technology area. 
3.Ensuring that a european view of technology education arises rather than an 
individual member state view.; 
4. Addressing other subject areas not traditionally thought of within the 
technology education context.; 
5. Currently no european wide technology education database or specialist group 
computer communication network exists.; 
6. Individual member state educational databases are inadequate as they do not 
address the needs of this specialist group.; 
7. INSET delivery approaches are changing resulting in the need for a vehicle 
individual for professional development.; 
8.Industry is demanding a more scientifically/technologically competent and 
literate workforce for the post 1992 era and if technology educators are 
competent and literate themselves they will deliver the the former product. 

The research is a modest attempt to clarify the issues surrounding the development of a 
european science and technology education database and to provide policy guidelines to 
those considering major international educational project development of a similar nature. 

The development concerns the design and production of new computer software in the 
form of user friendly science linked technology education database for european, and 
indeed, international use. 

The EST ED Database 

The production (Beta Test) model has now been completed. Two versions of the ESTED 
system have been produced, one for the Macintosh and one for the IBM Pc. Both are 
Omnis 5 Applications and are identical except that the PC version runs under Windows 3. 
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The Database itself is based upon the model (see Fig. 1.). It is split up into 4 elements; 
1. the Main Database, 2. The Suppliers Database, 3 the Reference Database, 4 the Help 
File.The Main Database covering searches for Documents; the Suppliers Database for 
obtaining information upon business types and products; the Reference Database for 
information upon miscellaneous items such as users. a glossary,acronyms. and 
innovators; the Help File for obtaining on-line help concerning the function and operation 
of ESTED programme application. 

This database system was used to produce a sample science linked technology database 
which included a useful amount of data in its files.For convenience sake it was decided 
to utilise material which was to hand and from which no copyright problems could arise 
as these rights had been waived for this specific purpose. In order to give an indication of 
the system potential and possibilities it was decided that an appropriate theme would be 
electronics. control & sensing. and communication. Accordingly, data was entered to 
form the basis of the database proper; this sample database was then saved to disk to 
become the source from which future stand alone versions or CD-Roms could be made. 

Fi ure 1 

ESTED Production Model ,.,-______________________________________________ -______ 0-
I Title 'j 
· File : 
· I ! Author Link '1' 

I File File 

: i 
! Docul'Tlcnt i ! File i 
! Publisher : 
I File (~~Ol I 
I A4ain figure s ) ! 
j Database File 1 
.'-.. - .. _ --------------_. __ ._----------------_._.-- -------_./ /"--- --------------------------------------------- --------. 
I j 
I Business type i 
: i 
1 ~-~ i I : 
~ Database .I 
--------------------------------------------------- --- ----,..-_._------------------_. __ ._ ---_. __ ._--------- -- ---- - -~'. 

I ( User Directory ) ! 
· I I ( GlosSary) i 
i ( ACrOnyms) i 
11 Reference C ) i: Database . Innovators 
··~ . ______________ n ____ _ __ __ _______ n _______ _ , _______ ___ oj 
,...--------------------------------------------- - ---------. 

! Help File I 
~ .I 
--- -- -_ ._------------------------- -----------------------~ 
Legend 

Connected Files 
Child Parent 
File File 

A ssociated 
File 

Associated 
File 

.. --------------'\ 
I lndependent 'I' l Sub-systeQ1s ; 

._------------./ 

Experience and investigations had indicated that the user interface had to be simple and 
easy for technology teachers and educators to use, hence the Graphical User Interface 
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(GUI) click and point interface type environment was chosen as it was an inherent part of 
the development under Omnis 5. It had also been indicated that care should be taken 
when designing data access procedures as investigations of existing databases had 
revealed difficult and awkward access procedures for obtaining data. Much time was 
therefore invested in producing a database user front end that could actually meet the 
specialised requirements of the newly minimally computer literate and capable technology 
teacher and educator who was trying to use a computer programme to obtain useful data 
for the first time from a relational database. 

The friendly front end displayed to the user comprises two elements, firstly a menu bar 
from which selections can be made and secondly a window which contains elements 
which can be used to access or display information. The ESTED system comprises 
customised graphic formats for some: 4 menus; 44 windows; 8 report formats; 14 file 
formats; and some 14 search formats. All elements use the GUI click/select and point 
system to allow use of the database system. Only when an individual is searching by 
entering relevant text is keyboard of the microcomputer used. All database coding is 
hidden from the user and the application can be password protected. The system is 
designed to be in the interests of the user in terms of simplicity of operation and security 
of data and database design. 

Research Findings and Conclusions 

The Study provided the main case for the development of ESTED. It was quite clear that 
science linked technology education has been defined world wide, is being taken up 
rapidly; and that Europe is in the vanguard of such developments. That societal and 
technological advance had resulted in severe skill shortages in the science linked 
technological areas which need to addressed if Europe is to maintain it's industrial 
momentum. That there was a case for the educating the technology educators in none 
traditional ways as a direct result of the changing funding base of education. That the 
present world database scene did not provide an appropriate database for science linked 
technology education as most of them are inadequate and difficult to use.That recent 
developments in microcomputer hardware, software, and peripherals will allow 
technology educators to have access to more appropriate equipment in the near future. 

The feasibility study was comprised of a series of five major items that came together to 
form a whole.This was in order to put forward items for the ESTED Pilot development 
which were realistic and appropriate, and to ensure that the the project as a whole was on 
the correct track for Europe. It was concluded,from the data obtained from the series of 
items, that this gave: 

1. a valuable insight into IT entitlement for technology educators and actually spelled out 
what they required to know in terms of microcomputing to support the science linked 
technology subject area; 
2. details of pilot database work undertaken at OSSTC that gave valuable experience and 
guidelines for the main ESTED pilot development; 
3. details of european technology educators views upon the need for, and development of 
the ESTED Pilot database and the form that it should take provided a re-enforcement of 
that the overall approach was correct; 
4. an indication of the INSET needs of technology educators highlighted the need for a 
none traditional approach to which ESTED could help to fulfil; 
5. a view of a typical European local education authority IT (microcomputing) for 
technology situation which gave a realistic view of the school situation and IT capability 
of a technology teacher. 

The ESTED software development, taking into consideration the appropriate feasibility 
study findings, gave an indication of the following of a successful development cycle. 
This cycle successfully covered: the basic idea; the idea feasibility; the laboratory model; 
software development and production engineering; trials;and production. 
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It also covered in more detail: the concept; clientele; staffing and responsibility; industrial 
support; the feasibility timetable; content and facilities; development needs; equipment and 
software; outcomes; costing; and further equipment and financial requirements necessary 
for such a development. Finally it presented the final ESTED product and explained its 
features. 

In overall terms, it was concluded, from the above evidence, that: good solid reasons for 
a new european science linked technology database were defined; the pilot database 
developed was appropriate to european science/technology educators; the computer 
software is user friendly; it will be usable up to the 21 st century; it also provided a solid 
basis for possible science linked technology databases elsewhere in the world; that the 
study as a whole provided the basis for eventual implementation of the system 
throughout Europe and beyond. 

Finally, it was contended, that the ESTED system has unique characteristics which will 
make it extremely useful for all those involved in technology education.These 
characteristics relate mainly to eleven major areas, namely the: 

I. mode of operation in terms of the use of a Graphical User Interface as opposed to the 
Character User Interface; 
2. the ability to store, retrieve, and display of high quality graphics; 
3. fact that a user does not require knowledge of a vast number of codes or keywords 
and an exact type match of these codes or keywords to find information; 
4. fact that no other dedicated science linked technology education personal or 
organisational education database exists on the world market; 
5. the fact that this dedicated database system is identical in all respects on the industry 
standard vehicles of an Apple Macintosh and IBM PC Windows 3 system; 
6. that a user will not require to go on line to a remote computer to use the system; 
7. fact that a novice user can access and build up a personal database quickly and easily; 
8. the fact that the whole nature and development of the database is based upon extended 
experience of technology education, with technology educators, technology INSET, and 
database software development over an extended period of time; 
9. fact that the database development has been within an environment which has a brief to 
support science and technology educators; 
10 it could fulfil a technology educators technology INSET need; 
II it supports UK National Curriculum Technology, and European Technology 
Curriculum needs. 

All of which it is considered are essential to support those concerned with industrially 
relevant science linked technology education in Europe and beyond well into the 21st 
Century . 
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FROM 3 YEARS OF PATT-2-RESEARCH 

I. Natali, Institution Middle School 'G. Giusti' 
Italy 

It has been exactly the activity developed in PATT-2 that has 

stimulated me to continue the search for suitable instruments, 

to permit the students to get a deeper knowledge about the 

meaning of 'technology'. 

Before entering into the heart of the educational-didactics 

plan, I must specify that together with the other teachers of 

the 'Council of class' we gave much thought to how to develop 

suitable means to prompt the different students from 12 to 13 

years old, to face the problems of technological innovations 

in the world of employment. Also to find out how many of them 

would show to be acquainted with it, and to which degree. 

For this purpose, that is to favour the comprehension regar

ding the continuity of the process of transformation of to

day's society, determining considerable modifications in the 

relationship between the human and the environment, that I 

thought it was important for the students to read an article 

of a well known Italian television journalist (app.1). He 

focusses at the facts about the extraordinary rapidity with 

which the socio-economic transformations take place, thanks to 

the introduction of new information technology. 

It is of great importance that the school has a well balanced 

posit ion, since it has without doubt a fundamental role on the 

format ive and orientative plan to prepare young people to face 

life. 

In order to be able to examine the knowledge of each individu

al student, I proposed to them a multiple choice questionnaire 

of 5 items (app. 2), after they had read the text. 
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HOW TO INTERVENE 

In the dynamics of a process of innovations, the encounter 

wi th the world of employment must be considered fundamental, 

and in complete coherence with the objectives of formation and 

orientation of the first grade of the 'scuola media'. 

It is therefore important to intervene concretely to adapt the 

educational action to the reality connected with the starting 

situation of the students, to the ability to learn, to the 

socio-economic conditions, as well as to the structures. For 

this purpose, it can be useful to give space to the organisa

tion of activities aiming at the 'knowledge of productive 

sectors' working in the territory where students live. 

Let us not forget that the rapid changes in the structure of 

the market of employment demand an increase of 'new professio

al figures' of which our students must be aware. 

TO KNOW THE PRODUCTIVE SECTORS 

If we ask students between 12 and 13 years old to make a list 

of more than 10 professions, we can verify that only some of 

them go beyond that number. Let us then talk about it in a way 

that attracts attention. We can show new developments and 

characteristics. For example the artist weaver, defined now as 

'technological artisan'. He works and organizes himself with 

the help of the electronic processor, to enable him to develop 

his own 'precious textiles'. 

When we say that a person is 'well organized', it usually 

means that he or she is well prepared to face the problems 

with efficiency and confidence. 

So we must prepare the students to open a debate to explain 

the idea of organization, understood as a collection of re

sources, humans, things united and connected between them to 

reach common aims. 

For this purpose, we give them the summary of two schemes with 

suggestions to program meetings between the school and the 

world of employment (app. 3) and the evolution in the produc

tive system (app. 4). 
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DIDACTIC UNIT 

At this point it is necessary to elaborate a concise didactic 

unit, which will be followed by other learning units, useful 

for a further knowledge of each sector of work, based on the 

economy of the territory. This also as a help and aim for 

vocational guidance, a process that must accompany the student 

right through the course of studies. 

The principles that follow are indicative, and could require 

alterations, if different problems should arise in the reality 

in which we are operating. 

We must remember that "Technical Education" is a discipline 

based on logical-concrete actions. This is why the new pro

grams put forward their role to educate the students to the 

acguisi tion of the methods of technology and technological 

reflection. 

They must realize the increasing use of robots in the produc

ti ve cycle. The power of movements of mechanical arms and 

hands, the movements of the wr ist of the pha langes, of the 

fingers, gives today an almost perfect result. So the applica

tion of the processor will be more and more expanded in the 

world of employment. It is therefore useful to intensify the 

encounters between the school and the world of employment in 

the large industries. We therefore organized controlled visits 

in textiles and mechanics industries that have a production 

based on the most advanced technologies. 
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DIDACTIC UNIT (Time schedule 10 h) 
INVESTIGATION ON THE TERRITORY: Economical productive sectors 
Guided visit to textile industry 

AIMS 
Specific time 
limited aims 

-consciousness 
of the economi
cal-productive 
reality exis
ting in the 
territory 

- acquisition 
of the research 
method in the 
field 

- the meaning 
of productive 
cycle in a 
textile in
dustry 

- the meaning 
of dressing 
and testing 
the product 

- the meaning 
of marketing 

CONTENTS 

-knowledge of meaning, facts, 
and specific technical 
language 
- reading of the organisation 
chart of a model firm 
- reading and reflexion 
about the project relative 
to the three sectors of 
human activities 
- codifying and decodifying 
cartographical and 
topographic elements 
- planning of guided 
visits to industries where 
new technologies are 
applied 
- observation activity: 
- knowledge of industrial 
systems computerized 
applied to the loom 
- production of fabrics with 
cloth, canvas and satin 
frame work (600 strikes 
in 1 mjsec) 
- knowledge of the electronic 
systems for dressing opera
tions of the product 
and the testing of the 
fabric 
- knowledge of the electronic 
systems to guarantee the 
quality of the textile 
product 
- observing activity in the 
chemical laboratory and 
in the office of projects 
in which new textile 
products are experimented, 
and we look for the colour 
and the intertwining in 
accordance with the new 
type of fabric 
- correct use of the camera 
to impress special images 

MEDIA AND 
INSTRUMENTS 

- text books 
- specialized 

magazines 
- dailies 
- visual 

apparatus 
- luminous 

board 
- overhead 
- episcope 
- camera 
- taperecorder 
- acetate 

trans parents 
- alcohol 

pencils 
- measuring 

instruments 
for design 

- card for 
writing on 
the project 
of the firms 
to visit 

- map of the 
territoty 

- millimetred
paper 

- everything 
necessary 
for writing 
and drawing 

- evaluation 
- gathering of 

data and 
organization 

- initial 
questionnaire 

- final 
questionnaire 
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After the guided visit we ask the students for: 

a written report from the group on the basis of their 

notes; 

the transcription of the essential elements regarding the 

interview recorded by those who used the taperecorder; 

the arrangement on a mural poster of all the material 

supplied by the technicians of the firm visited (from raw 

material to the semi-finished and to the finished pro

duct, in a pattern-book of different types of cloth. 

Finally, a multiple choice questionnaire is proposed to enable 

us to evaluate the degree of learning gained by the individual 

students, after this first encounter in surroundings of speci

alized work. Also for the purpose to evaluate the educational 

value. In a later stage we pass to the planning of a visit to 

a large industry of means of transport. 
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Appendix 1 

student ........... . ................. Class III ......... . 

Read carefully the following passage 

"Shall we be unable to miss the appointment with the future?" 

The future as well as the present is made by man ( . . ........ ) 
Today we are already living in the future, as the present is 
the future of the past. 
This means, that what we have today is the result of our work, 
our errors, and of our lack of foresight of yesterday ( .... ) 
We are living in a period of world history where the possi
bilities of innovations, changes and movements are extraordi-
nary ( ...... ) 
Technology has put great means of transformations at our 
disposal, allowing a decreasing number of people to produce 
food and objects for everyone. 
(In USA less than a third of the active population is needed 
to look after farms and factories). 
As a result an increasing number of people can go and live in 
those famous sectors made to 'measure for man'. 
That would not have been possible without the help of advanced 
technology, efficient education, arts, research, assistance, 
culture, free time and so on. 
The technological societies of tomorrow will need less physi
cal help and more brains ( .... ) 
At this point, the importance of education, information and 
culture is exceptionally clear. 
In Italy we can boast of a culture with a capital C. 
It descends from great humanistic and literary traditions 
rooted in a pre-technological peasant society ( .... . . ) 
So school must be able to solve the burden in the shortest 
time possible ( ..... ) 
The public opinion ought to also understand these new priori
ties ( .... ) 
It is in this situation that scientific popularization ought 
to be inserted as well. 
It is a difficult world, but stimulating ( .... ) 

PIERO ANGELA 

(Extract taken from the magazine "Genius", no 1, October 
1986) . 
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Appendix 2 

(Questionnaire) 

Student ........... . .................... Class III ..... ... . 

READING COMPREHENSION 

Read t he passage then answer the questions, marking the cor
rect one with a cross (x) 

(1) By priority we mean: 
a) things that must be given priority 
b) people that want to excel, to command 
c) the supremacy you can gain in certain sectors 
d) people that in mediaeval time lead the arts and craft 
guilds 
e) secondary things left at the end 

(2) To encompass means: 
a) to do again, to renew 
b) to annoy, to bother 
c) to jot down, to take notes 
d) t o exclude, to reject, to send back 
e) to include, to comprehend 

(3) By the expression "Future is made by man" we mean: 
a) Men know about today, but not the events of tomorrow 
b) Men can foresee the future, owing to their present knowled
ge 
c) Men are the authors of historical evolution 
d) Men today produce without thinking about future consequen
ces 
e) Men submit to the events of history 

(4) By saying "Technological societies of tomorrow will have 
lesser necessity for physical help and always more need of 
brains", we want to emphasize that: 
a) I n future the necessity for labour will diminish, and the 
need o f computers will increase. 
b) In future there will be less demand for people who produce 
food and objects, whereas people who can produce k nowledge 
will be indispensable. 
c ) Technological and scientific development will produce 
super-intelligent men in future society. 
d ) In future society men will be characterized by having only 
one a r m and two brains. 
e) In future society there will be greater need o f people 
employed to produce foods and objects, and a minority employed 
t o produce ideas and projects. 

(5) According to the author of the passage the f undamenta l 
problem is: 
a) The lack of a scientific and industrial culture 
b ) The shortage of prepared teachers 
c ) The excess of information given by television 
d) The oppostition to social changes by p ublic opinion 
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KEY FOR READING ITEMS 

1) a 
2) e 
3) c 
4) b 
5) a 

Result gained on 130 students participating - Class III 
1st - 3rd - 5th item 100% exact answer 

2nd item - wrong answer 
4th item - wrong answer 

boys 
67 

15 
6 

girls 
63 

11 
9 
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Appendix 3 

Meetings between school and the world of employment and labour 

Let us learn to plan a visit in the surroundings of labour and 
employment. 

The firms are economical organisms differentiated: 
- by objective, aim; 
- by capital; 
- by employees according to the activity undertaken. 

PRIMARY SECTOR 

Agriculture enterprise 

SECONDARY SECTOR 

ground cUltivation 
(various products) 

animal breeding 
(zootechnology) 

Artisan firms (craft) 
Industrial firms (large-medium-small) 
Transformation from raw materials into semi-manufactured 
or finished products- through the use of machines
motors- robots 
Mechanical firms, 
tries, building 
industries, paper 

TERTIARY SECTOR 

iron and steel industries, food indus
industries, textile trades, clothing 
mills, etc. 

Commercial firms, transaction of goods from the manufac
turer to the consumer. 
Banking, credit institutions (payment grants, loans, 
monetary changes, etc.). 
Insurances- safety against eventual damage to persons or 
goods. 
Editorial enterprises publisher (information, news, 
culture) . 
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Appendix .. 

ORGANIGRAM OF A TYPICAL FIRM 
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PROGRESS REPORT ON AN INNOVATIVE COURSE FOR 
'WOMEN INTO TECHNOLOGY EDUCATION' 

R.J. Booth, Wolverhampton Polytechnic 
United Kingdom 

Traditionally, the subject area of Technology Education in schools has been a male 
I 

dominated preserve, men have been responsible for establishing practice, creating 

developments and providing instruction. Equally, recipiants have been male pupils even 

when an element of subject choice is provided in the school curriculum. 

Ways of providing access for women into the design and technology classroom have been the 

focus of several UK national conferences, government reports and initiatives and it was 

widely recognised that to begin to provide equal opportunity for pupils in the classroom and 

change the situation there was a need to recruit more women to teach Technology Education. 

The problem for the trainers was to attract women applicants onto teacher training 

courses. 

In keeping with the policy for initiating and supporting courses for mature students, the 

Centre for Design and Technology Education at Wolverhampton Polytechnic's Faculty of 

Education approached a local College of Technology in 1985 to explore the possibilitiy of 

providing an Access Course in Design and Technology Education specifically for women who 

should, Ideally represent the ethic mix of the locality. Successful completion of this course 

would give automatic entry to the Polytechnic's four year Bachelor of Education Honours 

degree course which provides qualified teaCher status. ksuccessful case for government 

funding in 1986 allowed for the appointment of 'access' staff trained at the Polytechnic and 

the preparation of an 'Access' course. 

This paper focuses on the following aspects of the venture: 

i) recruitment and admissions policy 

i i) content and Implementation 

Iii) access student progress 

i v) polytechnic (access) student progress 

i v) further course developments 

v) student graduation 
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PROGRESS REPORT ON AN INNOVATIVE COURSE FOR 'WOMEN INTO 

TECHNOLOGY EDUCATION' 

Wolverhampton Polytechnic has four campuses situated in central England. With 12,500 

students it is one of the largest providers of higher education in the UK with a record of 

academic excellence, innovation and vocatio.nal training. The Po.lytechnic's Centre fo.r 

Design and Technology Educatlo.n (COATE) Is located in Dudley, West Midlands and is 

concerned with Technology Educatio.n teacher training for primary and secondary schools. 

Dudley Campus is geographically situated in close proximity to., and has links with Dudley 

College o.f Technology (OCT), a further education Institution and part of the Local 

Educatio.n Autho.rity. 

Dudley College o.f Technology and Wolverhampton Polytechnic have jo.intly set up an 

Access (to higher education) Course specifically fo.r women with:n DCTs Department of Art , 

Design and Community Studies. Financial assistance was secured from a UK govemment 

funding agency and preparatio.ns made fo.r the Access Course to. commence in 

1986. Through go.vernment initiatives many similar courses for men and women 'retumers' 

have been established in the UK; there are six courses currently feeding students into the 

Polytechnic. 

Course Admissions 

Eleglbillty fo.r this course requires that applicants be female and at least twenty-one years of 

age. A target number of fifteen students was set and acceptance to the course 

necessitated the successful completio.n of Interviews with tutors from the course and the 

Po.lytechnic's COATE staff. Students who. gain admission to. the Access Course are 

guaranteed a place at the Po.lytechnic to take a fo.ur year Ho.nours degree course In DeSign 

and Technology Education which prepares teachers for the secondary level classroo.m 

pro.viding that: 

Q they successfully complete the Access course at OCT. 

and 

i) they fu lfil the UK govemment's requirements in relation to language and 

mathematics competency. Currently this means that a student must gain General 

Certificate of Education in English and Mathematics Dr equivalent qualifications 

such as the Polytechnic's general access exminatio.ns in these subjects for mature 

students. 

Aim of the Course 

The course was initially for women and aimed at specifically encouraging them to enter this 

curriculum area to. fulfil a broad range o.f needs. Later course developments concentrated 

o.n black access, male access and finally mixed access. The aim of the course is to provide 
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education and training in Design and Technology Education and support subjects to a 

minimum level appropriate for entry In the following year to a four year B.Ed.(Hons) course 

in higher education. 

Objectives of the Course 

Students coming into the course have greatly differing backgrounds, needs and interests. 

II is essential that students should reach the level of competence needed lor entry onto a 

teacher training course in various areas but it is also important that the course should offer 

the opportunity for students to move beyond this minimum level if their abilities and 

interests make this possible. The process of negotiation on curriculum content forms an 

essential part of the structure of the course; each student, through the academic 

counselling, has an opportunity to influence the shape and content of their course. 

Specialised facilities are available to students who need additional support in Mathematics, 

English Language and Computing. 

By the end of the course students should be able to:-

1. Use various materials, tools, techniques and processes in a safe, reasonably 

skilful and creative manner. 

2. Make various kinds of drawings as a means : 

Q of exploring expressive and visual elements such as shape, 

form, texture, pattern. 

ii) of developing and communicating design ideas and preparing these for construction. 

3. Accomplish work which demonstrates their: 

Q aocumulatlng knowledge of the nature, behaviour and creative 

potential with materials, techniques and processes; 

i) emerging competence in problem soMng and design development, 

communication, transportation and IrTlllementation; 

iii) developing ability to be perceptive and critical of personal work, as 

well as in making constructive assessments of products generally; 

Iv) ability to recognise and utilise appropriate concepts and principles 

relating to materials, components arid energy. 

4. Have a growing confidence in the use of the computer and a basic understanding of 

computer potential. 

5. Be aware of some historical and contemporary developments In Art and Design and 

DeSign and Technology Education. 

6. Pass (if necessary) the Polytechnic'S internal test in English and Mathematics. 
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The following areas of study therefore, are identified by the course planners, as providing basic 

preparation for the Bachelor of Education course. 

1. Drawing and comm.mication 

2. Design development and realisation including electronics 

3. Introduction to computers in education 

4. Developments in design and technology education 

5. Developments in art and design education 

6. Core studies, communications, study skills and mathematics 

The above are elements considered essential to a basic preparation, they are not meant to be 

regarded as separate components of the course. 

Staffing 

The access Course Leader (female) had already completed a Certificate in Education course at the 

Polytechnic and an ex1ensive schoolteaching experience. The Course Tutor is a Polytechnic 

graduate and also has teaching experience in schools. These experiences afforded the two 

appointees a valuable insight into teaching philosophy and wori<ing methodologies of the subject 

area and of the Polytechnic. 

Course organisation 

Members of the Course Committee are: Course Leader and Tutor, Head of School , Teaching Staff, 

representation from COATE, Wolverhampton Polytechnic and a student representative elected by 

the course members in the first month of the academic year. This Committee is responsible for 

having an overview of the course and initiating and developing revisions to the course content and 

its assessment methods. This committee meets three times each academic year. 

Staffing and Accommodation 

The Course Leader is responsible for:-

Q the day-to-day organisation of the study room, 

i) the syllabus and detailed course content, 

ii) undertaking most of the teaching and co-ordinating of part-time staff, together with services 

from other parts of the College, 

iv) maintaining liaison with Wolverhampton Polytechnic, 

v) the academic and general well-being of the students and running of the course, 

f) ensuring that all records , reports and other documentation are properiy Instigated 

and maintained. 

A general purpose study room is provided and equipped specifically for the Access Course with 

fadlities for design work and manufacturing, and activities using rigid materials. Students also have 

access to photography, ceramics and textiles studios. 

At the planning stage it was recognised that the potential e:1trants for this course would be drawn 

from a variety of backgrounds and experiences. Although the objectives were drawn up for the 
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course the individual needs of students had to be accommodated. The objectives were seen as a 

framework for curriculum negotiation and students would, with tutors, be able to Influence the shape 

and content of their courses with reference to their previous experiences. A minlmum set of skills 

and knowledge was considered necessary as a pre-entry to the Bachelor of Education course and 

opportunity had to be made available for students to pass beyond this minimum level if they were 

appropriately motivated. 

The Polytechnic's view was that the Access Course be designed for people who possessed a 

feeling and an aptitude for design and technology activities and that the programme should 

encourage and further develop these traits. In addition, It should seek to give them the range of 

basic skills necessary to fit them for their first year of an undergraduate course. The Access Course 

should develop the altitudes, confidence and ideas suitable for design and technology education in 

order to give students parity with those taking the traditional entry routes into design and technology 

education training. All students are interviewed by Polytechnic staff and assessed regarding their 

suitability for the teaching profession. 

The course content Is covered by an activity-based, problem-solving approach rather than through 

theory and didactic teaching and it is recognised that many students initially need a great deal of 

Individual support . Students experience a thorough grounding in basiC thinking, recording, 

researching and manufacturing skills and working techniques in design and technology education, 

to survive along-side students from traditional entry routes. Access Course students are given 

support, gradually made more self-reliant and realise that s:<ill and knowledge acquisition are 

motivated by need. Students have a broad range of 'hands-on' experience with equipment, tools 

and materials so that they develop sufficient skills to become confident with manufacturing 

processes and wide range of materials in a design context. 

Course Implementation 

The course commences with an induction period and diagnostic activities Introducing students to a 

set of simple problem tasks building confidence and giving the teaching staff an opportunity to 

analyse the ability and deficiency of individual students and allows progress towards Individual work. 

Some of the students need to fulfil UK language and mathematics requirements for entry into 

Teacher Education and these needs are accommodated by sessions in Hteracy and numeracy. 

Several tutors of these subject areas have pursued a similar 'second-career' route to one anticipated 

by their students and are thus sympathetic to the needs of ·the group. 

Course modification 

Certain lessons were leamed during the early years In terms of the Implementlon of this type of 

course and changes have been made as a result of situation.~ arising. 
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Alterations to the course structure have two focal points: 

Q to further maintain and stabilise course membership, 

and 

i) to integrate certain elements of the course and contribute to greater effidency of 

its delivery. 

During the first four years almost one hundred students embarked on the Access Course. 70% 

settle into steady course me;nbership achieving high success rates both in terms of their auxiliary 

subjects and in the standards achieved in design and technology education. The 30% drop-out rate 

indicates that attention should be paid to those factors which contribute course membership but 

many of the circumstances which affect sustained attendar.ce cannot be predicted by students or 

staff. 

The pressures of study and its organisation prove too much for some students and they leave the 

course within the first few weeks. The main reasons given are: 

Q domestic problems 

i) expenses incurred in travelling (no grant aid available) 

ii) no creche facilities at the OCT (these have now been made available but 

require a fee) 

iv) inability to cope with the course. 

By the very nature of the cohort at which the course is aimed (I.e. women retumers) students 

embarking on it are bound to face a considerable variety of pressures. Those identified by students 

include: 

Q crisis of self-confidence, 

i) coping with role-change from housewife to student, 

ii) financial matters since students have little financial support, 

Iv) extra expenditure on travel, 

v) family pressures and generally coping with self-doubt about their ability and the commitment 

they have made. 

Financial support was a problem identified as requiring measures for the continued course 

membership. Students entering on a full-time basis were not eligible for grant-aid and for others aid 

would mean loss of benefits received due to unemployment status. By altering the obligated hours 

distribution of the course to 21 hours per week they would be able to claim some financial support or 

unemployment benefit. It was felt that more students would be encouraged to apply for the course if 

it was not accompanied by consequent loss of benefits. 

Creche facilities are now available at DCT on a payrnent-pe'-session basis. However, with the 

benefits that many of the Access Students now have, the financing of childcare is not such a great 

problem. 
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For some students, remaining on the course ceases to be an attractive option since they find that 

the level of work Is too demanding or, more Hkely, they decided that they are not suited to this type of 

work. In order to reduce the chance of a mis-match between the actualities of the course and the 

student expectation, a pre-course 'taster' period has been introduced. During this taster period, 

students are familiarised with the types of exercises that comprise the course, in order that they can 

decide upon their compatibility with the work before embarking on the Access Course. 

The course duration is 48 weeks x 21 hours and allows: 

Q New student overiap with those at the end of their course, 

(providing some kind of experience models) 

i) Students at the end of their course to have more opportunity to spend ex1ra time on particular 

aspects of the course. 

At the end of the course an assessment exhibition of the Access student work Is mounted at OCT. 

This is an excellent opportunity to promote the course and also provides a further opportunity for 

student awareness-raising and liaison with Polytechnic staff. 

Further course modification 

1. Communication and language has become a compulsory element for all students; some 

students need tuition to attain minimum requirements for entry to a course in teacher 

education whilst others have, not only minimum requirements, but higher qualifications. " the 

latter group do not attend these sessions and participate the group becomes fragmented. It Is 

generally felt, however, that in view of the written wor'o< facing the students in the form of 

Polytechnic coursework and assignments, further communication experience would be a 

useful study skill. 

2. Mathematics Is divided into two two-hour sessions to cover the coursework for a quanficatlon 

and in addition one hour per week as a revision session for anyone who needs it. 

3. Computer Education provision s Integrated with coursework; computer equipment within the 

design and technology education suite means that much of the computer aided design (CAD) 

and computer graphics are taught as integral parts of the course. The relationship between 

these elements has always been recognised by OCT staff and project work fully incorporates 

the components. 

4. Technical Graphics and Engineering giving basic machine and engineering experiences are 

provided but tasks are based upon design and technology education projects enabling 

students to use engineering equipment as a means of producing creative solutions to 

problems rather than be limited to traditional skill-based activities. 

5. Basic studies in electronics are linked clcsely with projects being carried out as part of design 

and technology education coursework. The electronics module has three components each 

occupying twelve hours which are paralleld by three other modules of fabric printing, 
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enamelling and ceramics. These specialist modules give students a breadth of experience 

with a variety of materials. 

There are no formal timetabled tutorial and counselling sessions. The structure of the course 

itself, based on student-centred models, furnishes opportunities for appropriate liaison and 

review with the students. OTC has a well-established Student Support Service with qualified 

Counsellors on hand at all times . 

6. Quite naturally, Access students are curious about the nature of the Polytechnic and positive 

links between COATE at the Polytechnic and Access students have been arranged, namely: 

Q A (joint) Course Review Commitee, with a student representatives, meeting on two 

occasions annually. 

i) The appointment of an Access Course Co-ordinator based at the Polytechnic. 

iii) Joint COATE student and Access student excursions. 

Iv) Two Access course open days held at the Polytechnic annually providing and opportunity 

to talk Informally with previous Access course and other students. 

v) COATE open day hosted by Polytechnic studenrts. 

The Access Course Students 

A survey of students revealed the following information 

1. Flnding out 

The major source of information for students finding out about the course appears to be 

leaflets at their local library and from newspaper advertisements although OCT does publicise 

the course widely and contacts a range of organisations from whom potential students might 

be directed. 

Several students have been involved in some kind of 'retum to study' activities immediately 

prior to the course but not necessarily in preparation for it. II would appear that these 

individuals already begin to formulate ideas on a new or second career through study. 

The formal qualifications of the students on the course are varied, ranging from no 'formal' 

qualifications to Bachelor degrees. Many who consider themselves without formal 

qualifications have undergone some training as tutors to Playgroups, Youth and Community 

groups. 

2. Aspirations and Objectives 

Students feel that their major aim in joining an Access Course Is to get a route through to, and a 

prepartion for, the teacher education qualifications to which they hope to aspire. All have 

secondary objectives in that they see their participation in the acourse as a means of 

self-development and a source of new interest. Many feel that they are already determined 

people and enjoy developing new skills. 
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Students also indicate that their reasons for pursuing a career at CDATE focus on the 

prospect of employment and because the subject area presents an exciting change of 

direction for them. Most recognise their potential and do not feellncnned to return to the types 

of employment they had previously been involved in prior to their domestic commitments. 

3. Introduction to teaching 

A significant number of students identify previous experiences with activities related to design 

and technology which 'Nould help them with their course. Some feel that their involvement with 

children and young people, either as parents or in community Involvement, give them a 

perspective on teacher preparation. 

4. Facilities 

The question of facilities for participants on a Womens' Access course Invokes a variety of 

responses as expected from a cohort with a variety of needs: 

Q support services for information about finance, 

i) child care facilities, 

iii) guidance and counselling about course matters. 

Summary 

01 the students who completed the first course in 1987 four Honours students graduate in 1991; 

the first in the UK. Two have gained the highest awards of their course and all will take up full-time 

teaching appointments In September. These students initially qualified for entry to the Bachelor of 

Education (Hons) course at Wolverhampton Polytechnic following distinction grades from the 

Access course. Other 'Access' students are following in successive years of the Bachelors course 

and in other undergraduate, higher education programmes. 

The Access Course successfully places its students In areas hitherto relatively unexplored 

by most of the students since the emphasis in design and technology ison the ability to think and 

work experientially. That students taking this course have demonstrated this aptitude is due to the 

project-based, student-centred approaches which have been forcefully advocated by the Access 

course teaching team. 

An area such as design and technology education has always been subject to masculine overtones 

in popular perception. For a womens' Access Course to be successful these perceptions have had 

to be dispelled in such a way that women became confident in their ability to cope with the subject as 

well as their masculine counterparts. Because of attitudes to the contrary, it is difficult for women to 

see themselves In the midst of 'technology'. A successful course therefore will seek to create an 

atmosphere which is friendly, not patronising and an ambience which Is supportive and 

non-threatening. To this end such a course is helped if it has female role-models, but more 

importantly, that it is staffed by people who are both aware and are sYlTllathetic to the needs of 

particular groups of returners. 
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The Access Course members were categorised as 'non-standard' students. That they have 

achieved standards which will enable them to cope with the demands of their higher education 

course, side by side with 'standard' s1udents from the traditional entry routes, is in no doubt. 

However, what should be recognised is that these students have made an accelerated progression 

during their Access year which probably would not be matched, in rapidity of progress , by their 

traditional entry counterparts. 'Access' students are now accepted as 'standard entry' students. 
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WOMEN IN TECHNOLOGICAL PROFESSIONS: FICTION OR 
NON-FICTION 

Drs. M. Brand, drs. W. Groenendaal, Eindhoven University 
of Technology 
the Netherlands 

1. Changing objectives in the educational system. 

Dutch education aims at the following different goals: 
1. to provide pupils with knowledge and values of our society, 
2. to prepare them for a profession and 
3. to develop personal talents. 
In this respect the relationship between education and industry is a strong one. 
Some thirty years ago educational curricula were based on labourmarket demands. In 
the Netherlands a strong dualistic system distinguished between professional training 
for white and for blue collar jobs. Pupils and parents knew relatively precise what 
kind of school would lead to what kind of job. 

In the seventies a growing economy made room for more personal development of 
pupils. And so the school system changed. Some new subjects where added in general 
education for all pupils from ages 12 to 16, and the system of examinations changed 
too. Instead of choosing the alpha, beta or gamma streams (to know a little about 
many subjects) the system changed into examinations in chosen subjects (to know a 
lot about a few subjects). 

A trend arose for pupils to stay longer in the educational system and prepare for the 
labourmarket as professionals in vocational education systems. 
Labourforce became divers in character, and offered possibilities for a whole range of 
jobs. Industry had (financial) room for new professions, and new jobs emerged in for 
instance the growing information- and automation-industry. 
Education put a lot of effort in systems for drop-outs and disadvantaged children. The 
goals were leading pupils to a balanced education in intellectual, physical and creative 
subjects. The strict division in blue and white collar education was diminishing. 
The educational output was divers and specialized. Pupils no longer were educated 
for one profession but for a group of professions. Traditional handwork got a low 
status and schools specialized in junior and senior vocational training were faced with 
a shortage of students. 
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In the eighties an economic recession led to a growing demand for technical or craft 
people with specific professional qualifications. Not the number of fields of study 
were important for youngsters but the studies that gave a perspective on the labour
market. 
The educational system had an extra task in preparing pupils to 

- develop their personal talents and 
- prepare them for a quickly changing labourmarket. 

2. Labourmarket and professional training. 

In the Netherlands these days the trend in education is to help pupils in developing 
talents, relevant for the labourmarket. Industry has become more and more complex 
and unstable with regards to professions. The professional world is not only diversi
fied (a lot of new professions) but also the contents of professions have changed to 
such extent that pupils and teachers have trouble in orienting themselves. 
For instance: in clerical jobs one works with computers for a great deal of time 
(wordprocessing, data management, etc). But in the arts (graphic techniques) and 
technical professions (cad/cam, welding, turnery systems) one also uses a lot of 
computers. For pupils in Dutch schools with a relative inadequate schoolcareer 
counseling system there is a big problem. 
The problems can be made clear by two questions: 

- How can one choose a profession when one doesn't know what it is? 
- How can one reject a profession if one doesn't know what will be the conse-

quences in ten years (in terms of labourmarket consequences)? 
At the time industry has a lot of problems filling certain vacancies and society has a 
lot of problems taking care of a large group of unemployed people (most of them 
have an unwanted professional education or an unfinished education). 

3. Technology and industry: it's a men's world. 

Dutch schools for general education (12-16 years) do not (yet) offer pupils technologi
cal subjects. We think that in their education all pupils should be acquainted with 
technology and industry. If we want our pupils to opt for technical professions 
relevant to the labourmarket or to develop their talents, we have to learn them to 
develop a wide range of talents, and technical talents are useful talents for everybody. 
Some of our pupils develop very little or very limitted talents because of our system 
of freedom of choise!. They "handicap" themselves for the labourmarket and for 
vocational trraining institutes. Which pupils become disadvantaged because of our 
school system? 

IGeneral education leads to exams in 6 subjects. Dutch language and one of the modern foreign 
languages are compulsary, the other subjects are at choice. Young women seldom opt for physics-exams 
(± 14% of ail female students go for physics-exams) . Physics lessons come closest to what we cail 
technology lessons. 
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Table 1 Students in vocational education (N and % female students) 

MBO(age 16-20) '87/,88 
technical education 
nautical education 
agricultural education 
trade/ commercial education 
home economics/medical education 
economical/ clerical education 

students 
295.486 

63.350 
3.006 

18.178 
31.181 
61.837 
58.768 

female 
135.734 

1.160 
85 

3.396 
11.781 
55.733 
31.749 

4. Women in technological professions: a Dutch treat 

1,8 
2,8 

18,7 
37,8 
90,1 
54 

The Dutch government puts a lot of effort in the search for methods to have both 
men and women develop technical talents and interests2. 

The MENT-project is one of those methods. MENT stands for meisjes, natuurkunde 
en lechniek (girls, physics and technical education). The main aim of the MENT
project is to diminish the retardation of girls and women in physics and technical 
education. 
Ten years of ME NT-activities have led to the following recommendations: 
1) develop more girl-friendly physics lessons 

(materials, illustrations, curricula-topics, didactics, etc.). ('81-'87) 
2) enhance problem awareness of physics teachers 

(hidden curricula, stereotyping, language, grouping, etc.) ('81-'91) 
3) give more attention to school career counselling for girls in technical professi

ons. 
(materials, methods, attitude towards technology) ('84-'91) 

4) create a friendly class climate in technical schools ('84-'91) 
5) give more attention to strategies that promote technical profession for 

women in industry. ('87-'91) 
6) let schools for technical training develop their own plan of action to interest 

girls in a technical training. ('87-'91) 

The last recommendation has led to 4 years of experiments in technical schools. We 
will discuss this here (par. 5). Other research of the MENT-project seeks the solution 
in trying to find the reasons why girls don't opt for technical studies. Preliminary 
results of the latest research are discussed later in this paper (par. 6). 

'See earlier Palt reports froro Alting, Moltier, Groenendaal a.D. 
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Table 2 Women in professions (1985, in %) 

nurses 
teachers 
secretaries 
librarians/ cashiers 
clerical workers 
shop assistants 
domestic work/nursing 
domestic work/cleaning 

total 

11,1 
7,1 
8,2 
7,7 

11,1 
10,1 
10,1 
5,9 

71,3 = 1.730.000 women 

N.B. 44% Of the Dutch women enter the labour market, most of them part
time. 70 % of the women work in the 8 professions mentioned in table 
2 (only 38 % of the men work in these professions). 
Unemployment rates are high in clerical, medical and social professions. 

Table 3 

age: 16-20 
age: 17-21 
age: 18-22 

female students in technical education 1989 

Senior Technical Training (mts) 
Technical Colleges (hts) 
University of Technology (tu) 

3% 
6% 
7% 

Senior Technical Training is the type of education where ± 65.000 students qualify as 
electrician, mechanic, proces operator, construction- and building professional, etc. 
The students get three years of theoretical training and they work one year as a 
trainee (apprenticeship) to become qualified professionals. 

i.. Four years experiments in technical schools: intervention on strategie 

In August 1987 the Minister of Education provided funds for 16 schools of Senior 
Technical Training to try to 
- attract more girls to study at their school and 
- create a girlfriendly environment at their schools. 

I Characteristic conditions of the experiments 
a. All schools have extra funds: for a period of 4 years they get ten teacher 

hours every week, plus a-small amount of money for expenses (± U.S. dollars 
2000). 

b. All schools are autonomous in plans and activities. They all have their own 
strategie and topics. 

c. All schools have to report openly about their strategies and effects: every 
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year in a written report to the Ministry of Education and if possible to other 
schools for Senior Technical Training. 

d. The schools have to make products and plans available for other schools. 

II Supportgroup and evaluation 
The MENT-project evaluates the work of the schools and gives guidance and support 
to the experiments. We can give detailed lists of activities schools perform to attract 
more girls or to keep girls at their school. Every year MENT-workers organize 
support days for the experiment schools. They provide new information (guest 
speakers), ideas and materials. The teachers support each other on these training 
days. They work as a group in a network on these days. 

III Plans and goals 
What kind of activities do the experiment schools perform? 
They focus on three themes: 
a. An active information campaign in the region. 

They try to bring information to the girls or the girls to the information 
(leaflets, video's, posters, etc. about girls and technical trainings, activity days 
for girls only at STT). 
The goal is to give girls correct information about their opportunities in 
technical schools. They introduce female technicians (role models) to the 
girls and create an environment in school where girls can practice their 
technical skills and increase their selfconfidence. All this in order to make it 
possible for them to think in a positive way about technical schools, technical 
women and about their own technical abilities. 

b. The schools work out plans to create a girlfriendly environment or a girlfrie
ndly schoolclimate for pioneer girls at school. 
They create support lessons, assertivity training, work experience guidance 
systems, interview training etc. All this because girls at STT are a minority 
and have all the disadvantages of being different and extra visible as a small 
group or an individual (Kanter theory). They also make plans to make the 
school population aware of their responsibilites towards female students in 
the classroom. 

c. Schools can also create extra lessons for girls that lack the appropriate 
prerequisites for Senior Technical Training. They create extra summercourses 
for girls who lack the right physics and mathematics background. 

IV Results: quantitative and qualitative 
All schools are very well organized in their information strategy. They all developed 
good materials to inform both girls and boys about studying at schools for Senior 
Technical Training. They all created a girlfriendly schoolclimate where girls feel 
welcome. And best of all, they made visible for others that the extra work results in 
more pupils who consider a technical career. 
They all invented a marketing- and public relation strategy. This is very new for 
Dutch schools. 
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At the start of the experiments in 1987 SIT had 1,8% female students at school. In 
the last year of the experiment the sixteen schools have 4% female students and their 
number is still growing. The prediction is that the growth also will continue the 
coming years, since it takes time to reap what one has sown. This number may not 
seem spectacular but it really is, considering the problems the schools face in 
changing pupils attitudes! 

V Conditions for experiments in SIT 
The schools needed to create an infrastructure for the experiment, 

a cohesive plan in policy, organization and finance; 
the schools needed a group of people in school to support the ideas; 
the schools needed to set concrete goals (carrying capacity); 
the schools needed expertise (information and skills) in emancipation work, 
or needed to create this expertise (training); 
the schools needed a support group in and outside school to stay motivated. 

Activities that do not fit in this rough structure stay isolated within the system and 
vanish when the persons involved accept another job. 

Table 4 Results in the experiment schools (N and % female stu-
dents) 

1985 1990 

schools N % N % 

01 6 1,8 
02 21 2,3 29 3,3 
03 11 1,1 46 3,9 
04 12 1,0 33 3,4 
05 5 0,7 29 3,4 
06 15 1,6 47 3,9 
07 7 1,0 16 2,0 
08 11 1,7 33 5,3 
09 11 1,3 31 3,6 
10 5 1,3 32 3,7 
11 11 1,5 32 3,2 
12 17 1,6 
13 5 -0,5 46 4,8 
14 17 2,0 
15 7 1,0 19 2,8 
16 6 0,6 48 4,7 
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6. Research amon~ girls in Junior Secondary Schools. 

As we have mentioned above, the Dutch educational system knows a form of 
technical education -Senior Technical Training (SIT)- that prepares its pupils for 
technical professions. The students in SIT are mostly boys, not more than 4% of the 
student population in Senior Technical Training is female. 
Most students, before they go to SIT, have done 4 years of Junior Secondary School. 
A condition to be admitted to SIT is that the pupils had mathematics and physiCs as 
an examsubject in Junior Secondary School. 
In Junior Secondary School far less girls than boys choose mathematics and physics as 
an examsubject: about 15% of the girls and about 60% of the boys. Still this differen
ce between boys and girls is not as big as the difference between numbers of boys and 
girls in SIT. 

Table 5 male and female students Junior Secondary School (1988) 

Mathematics 
physics 

girls 
54% 
15% 

boys 
84% 
57% 

Studies in SIT give good perspectives in the labourmarket. In the Netherlands a lot 
of people are unemployed, but for people with a technical educational background it 
is fairly easy to find a job. As we have seen in table 2 hardly any women work in 
technical jobs. Both for emancipational and economical reasons it swould be better if 
more girls chose for further education in SIT. 

To learn more about the reasons why girls don't opt for SIT we started a research 
among girls in their last year in Junior Secondary School. With this research we want 
to find out what the differences are between girls who give serious consideration to 
further studies in SIT and girls who don't. 
What is the framework of the research? 
Having developed a questionnaire, we send it to over 50 Junior Secondary Schools. 
We want girls and boys, who have chosen mathematics and physics as an examsubject, 
to fill in this questionnaire. Only these pupils can go to SIT without complications. 
The information of the girls is important for us; the information we get from the boys 
we use in a later comparison. 

In the questionnaire we ask the girls how they experience the choices one has to 
make in relation to further education. These questions have to do with activities 
undertaken by the girls themselves, the supply of information, and with the influence 
of parents, teachers, deans, friends and expectations about the future. 
In all the questions we take the viewpoints of the girls themselves. 
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When we have discovered who and what influences 16 year old girls, we can assert 
our influence at those instances. The basis remains that we want to give more girls 
the opportunity to consider a technical profession. When we find out why girls often 
even don't consider this possibility, we can try to change conditions in such a way, 
that they will at least think about the possibility. 
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IMPROVING CONTACTS BETWEEN SCHOOLS AND INDUSTRY 
ESPECIALLY FOR YOUNG WOMEN 

Dr. I. Mottier, Ministry of Education and Science 
the Netherlands 

1. The functions of education and women 

The main functions of education have an individual and a 

social component. 

To the individual, education has to provide 

- basic skills; 

equal opportunities in education regardless of sex, 

economic or social background. 

To the society, education has to prepare for democratic, 

cultural and economic citizenship. 

In all these functions, technology education has a role 

to play, and in all these functions the role is different 

for young men and young women. 

At this moment, young men and women do not acquire the 

same basic technical skills. This phenomenon has been 

extensively documented and occurs in practically all 

countries. Its reasons have to do with possible social 

roles of men and women, with pre-school experience, with 

expectations and attitudes of both teachers and students. 

Equal opportunities are not achieved as far as gender 

differences are concerned, which is the aspect that this 

contribution wants to deal with. Boys achieve more in 

technology education than girls, especially at the higher 

levels of education. 

Equal opportunities are not achieved neither when econo

mic and ethnic background are compared, where youngsters 

from lower social and non-white background are less 

likely to visit schools for higher technical education 

(They may however be found more frequently in lower 

technical education). The reasons are often comparable to 

some of those which keep girls out of education low 

expectations of teachers, (lack of) selfconf idence, 

insufficient counselling. 
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As for the social functions, it is mainly in the prepara

tion of the citizen as a contributor to the economic 

wellbeing, that there are differences between young men 

and women. 

Women are everywhere the ones with the primary responsi

bility for the family and the household, together, most 

of the time, with a function as worker outside the horne. 

In some countries, especially in Western countries, the 

function of worker outside the horne has been of low 

importance during the first half of this century. It is 

only in the last twenty five years that women are retur

ning to the paid labour market again. They are now needed 

not only in the traditionally female fields, but everyw

here. They have to gain knowledge of all spheres of work. 

2. orientation into the labour market 

Not only women lack knowledge of the world of work, it is 

a common phenomenon in education. Schools have been 

turning themselves towards more general education and 

away from vocational education. It is only recently that 

this is changing. 

Much production has gone into industry . A separation 

between the working place and the home has occurred, and 

the industrial work has become invisible to most people, 

including youngsters. 

There is a growing awareness of the gap between education 

and the labour market. One of the ways to fill it, is to 

strengthen links. 

The Dutch Minister of Education recently proposed to 

increase the possibility of 'dual learning', in school 

and in the working place. 

There have been a number of projects in the past, also of 

those espec i ally addressing women and non-traditional 

fields, which intend to give some knowledge of the world 

of work. 

Several projects in the Netherlands and in other coun

tries were dealing with 'work experience' . There are 

several possibilities to do so, of which some examples 

are given. 
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A growing amount of schools organizes periods (a week or 

less) of practical orientation, during which students go 

working in a firm or an institution. 

The organization of such a project in schools takes much 

work. Contacts must be established with potential places 

for work, the students must be followed during their 

practical period. Most of the schools who do it untill 

now have been able to do so because it was a special 

project, and the school got some extra finance. 

Another possiblity to give students an insight into the 

world of work would be to bring workers in the school. In 

fact, this would cost less time than a work experience 

week. But it asks for an infrastructure, for exemple a 

directory of firms in the neighbourhood of the schools, 

which are willing to allow their personnel to go into the 

school. In the framework of equal opportunities such 

worker could be a woman. That is difficult to find, 

especially if she is a woman in a non-traditional field. 

Because of the preparation all this takes from the tea

cher, these activities of inviting workers into the 

school are not very common. 

There are however exemples within the framework of a 

special project. For example in the USA the visiting 

scientists program of the uni versi ty of Michigan the 

women and technology program of the Purdue University, 

the Equals workshops in the Lawrence Hall of Science in 

Berkeley. In the united Kingdom the VISTA program of the 

GIST-project about Girls into science and technology of 

the University of Manchester. 

It has also been tried in the Netherlands, in the context 

of the BOLERO project, which introduced elements of 

technical and scientific professions into the science 

lessons. This aspect of the project was not very succes

sful until now. For reasons already mentioned above 

difficult to organize, difficult to find women, but also 

because some of the women were reluctant to come into the 

classrooms. 
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One of the ways to obtain more or less the same effect 

would be to have interviews with workers on video. The 

effect will not be exactly the same because life inter

views can be done by the students themselves, and the 

video is pre-programmed. But having seen such a video may 

inspire students to go and do interviews themselves. 

3. The TENET project on interviewing women in industry 

The project reported here has made a video, in which 

young women go and interview women working in industry. 

The main purpose of the film was to make technical/scien

tific professions more visible to students. 

A second purpose was to render these professions more 

attractive to young women, by showing in the interviews 

women working in non-traditional fields, and liking it. 

Target groups: 

The video is made for two target groups at two different 

levels: at the level of the teachers and at the student 

level. 

The teachers: 

the video conveys to teachers the message that looking at 

this film can give them an impression of what one can 

expect when sending students out to interview workers. 

The film wants to inspire teachers to do the same with 

their own students. 

The film addresses science and technology teachers in 

the first place, but the methodology can be adopted by 

any teacher. 

The students : 

The group addressed is the group of students who are at 

the point of making decisions in their school career, 

decisions about subject option in the first place, deci

sions about their future schooling in the second place. 

The students aimed at are in general secondary education 
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(MAVO, eventually HAVO), and they have the possibility 

afterwards to go into senior secondary vocational educa

tion (MBO), after which higher vocational education (HBO) 

becomes possible. 

The interviews in the film are done by students of the 

third year of the MAVO. They are all 15 years old. 

The film is in fact a story within a story: 

it tells science teachers that it is interesting to have 

their students get in contact with real workers in real 

jobs. It shows the teachers what they can expect if they 

send their students interviewing: it shows how the stu

dents do it. 

The film shows the students how interesting it is to 

visi t and interview workers, and it gives information 

about a number of jobs. 

The actors: 

The main participants of the project are the students and 

the women interviewed. 

All students are female. They are average girls of a MAVO 

class, they did not all need to be science freaks. In the 

chosen group, two were definitely interested in the field 

they were interviewing in (police and computers), the 

others had not yet made up their mind. Five girls are 

interviewing four women (one interview is conducted by 

two students). 

They were pupils of the Kalsbeek scholengemeenschap, a 

school for MAVO-HAVO-VWO, all the types of general secon

dary education (4,5 and 6 years). The school has about 

1300 students. It is situated in the middle of the Ne

therlands, in Woerden. 

As for the female workers, they are rather young, around 

25-30 years. The advantage of such young women was that 

it appeared easy to identify with. The contacts between 

interviewer and interviewee were easily laid. 

One of them is black and from non-Dutch origin, the 
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others are white and Dutch. 

The professions represented: 

a helpdesk working for Nokia Data, a software and 

hardware producer; 

a policewoman, working in the local policeforce of Woer

den; 

a technical organizer, working for the Jaarbeurs, a 

convention center. She has been trained in construction 

work and deals with the technical requirements of all the 

exhibitions in the convention center; 

a microbiological analyst, working with the Melkunie in 

Woerden, experimenting with dairy products. 

Teacher's guide 

The video is accompanied by a small teachers's guide. The 

guide gives some background information about the pro

ject. 

Some hints are given on how to establish a relationship 

between school and the workplace. The brochure also 

contains the full text of the interviews. 

Evaluation 

In the course of the project it was obvious that there 

was interest in strengthening the relationship between 

the school and industry. Not only from the part of the 

young women involved in the school project, but also from 

the schoolmanagement. Most teachers are not very familiar 

with the industry neither, especially not if they are 

teaching general subjects. 

4. The European context of the video project 

The video project was developed by Kuipers, Raat and 

Mottier for the Christelijke Hogeschool Noord-Nederland, 

a polytechnic, as part of a larger project on equal 

opportunities in teacher education of the European Commu

nities. The EC project, called TENET (Teacher Education 

Network), is based on a curriculum framework for equal 
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opportunities in teacher education, developed by the 

Association for Teacher Education in Europe. 

Ten European countries participate in TENET, the Nether

lands with six projects. One of the other projects inte

resting in this context is the development of a module 

for in-service training on equal opportunities in physics 

education (developed by Raat and Mottier) . 
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TEACHER TRAINING AND INDUSTRY IN THE UK 

Dr. R. Page, South Bank Polytechnic 
United Kingdom 

Introduction 
As a past Deputy Director of an LEA and Polytechnic, and now 
for a while an independent Educational Consultant, it may seem 
that I am being presumptuous in addressing you about the 
interface between teacher training and industry in the 
England. I will, therefore, begin this presentation by 
sketching in my industrial experience including my association 
with the field of school - industry links and related aspects 
of the curriculum. 

I was fortunate in being selected for one of the earliest 
industrial placement schemes set up in the University sector, 
and in 1960 I spent a few months working for Joseph Schneider 
Optische Werkes in Bad Kreuznach, sponsored by Taylor Hobson, 
who were later taken over by Rank Xerox. So began a life-long 
association with industry and concern about the differences in 
approach between the UK and Europe, particularly in image and 
management style. 

My experience of the English educational scene covers a 
similar period of some thirty years, first as a secondary 
teacher of Mathematics and Science, which was then followed 
with thirteen years a teacher trainer, curriculum developer 
and educational researcher at St Pauls College of Education at 
Bath University School of Education. During this period I 
gained my PhD by research into the factors influencing 
swimming success; became Director of the Schools Council's 
Modular Courses in Technology project and carried out a survey 
of teenage attitudes towards technology and industry, as well 
as being Director of Studies for Under-Graduate Education 
courses and of the newly formed Science and Technology 
Education Centre at Bath University. This Centre was 
committed to research and curriculum development, with in
service teacher training being an integral part of those 
activities. The Centre also had strong links with the 
neighbouring LEAs and industry/commerce, particularly through 
negotiating recognition for Technology at '0' level (the 16+ 
examination at the time). 

There then followed a period of nine years in the service of 
the London Borough of Bromley, first as the General Inspector 
for Science, Technology, Mathematics and IT, and then as 
principle Assistant Director of Education with responsibility 
for the Inspectorate and Advisory Service, Primary and Special 
Education, and the School Psychology Service. After three 
years Secondary schools, the Educational Welfare Service and 
the Instrumental Music Service replaced responsibility for 
Primary Education and the Psychology Service. During this 
period I became responsible for the Authority's Technical and 
Vocational Initiative (TVEI) and for the Design Dimension 
project (which has subsequently been set up as a Trust like 
PATT). In addition, a Numeracy Certificate was developed 
which brought me into close contact with small and medium 
sized industries and businesses in the locality. 
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Whilst the National Curriculum expects all subject areas to 
make a contribution to the economic awareness; careers 
education; and vocational education of pupils, Technology and 
Design is seen as drawing together the threads of these 
a s pects of the education of pupils and has therefore been 
d escribed as "the jewel in the crown " by the Chief Executive 
of the National Curriculum Council. An attempt is made to 
illustrate this concept in the Venn diagram of Figure 1. The 
Design and Technology curriculum will tend to have its focus 
in what hitherto has been the Art and Design, Home Economics, 
Business Studies and Craft, Design and Technology departments 
d rawn together in a composite Design and Technology 
d epartment. Information Technology may have its base within 
this department or be organised across the curriculum 
depending on how a school wishes to develop the attainment 
target related to IT. The four other attainment targets laid 
down in the national curriculum for Design and Technology (1) 
relate to the technological process; namely, 

ATl Identifying needs and opportunities 
AT2 Generating a design 
AT3 Planning and making 
AT4 Evaluating 

Therefore, in summary the objective of the national curricul um 
is to relate education development to industrial/commercial 
awareness and the role of citizenship while still developing, 
a .nd responding to, the individual needs and aspirations of 
pupils. The Design and Technology element of the National 
Curriculum is key to the attainment of this objective, but 
does demand that the technological and design activity in 
schools is closely related to industry and commerce. 

The Delivery of a Technology Curriculum 
which has Industrial Relevance 

I t is frequently asserted that good salesmen and saleswomen 
k now their product thoroughly and this suggests that effective 
teachers similarly should know the "product" that they are 
trying to sell; namely, their particular area of the 
c urriculum. However, it is equally frequently asserted that 
you cannot translate industrial practices to an educational 
setting, even though in this case it is instinctively thought 
to be valid. So I will refer to some research that I carried 
out in the late seventies and eighties, with two co
researchers, Michael Orr and Melanie Nash, that was in many 
ways a forerunner to the research conducted under PATT's 
a uspices and is supportive of the viewpoint just expressed. 

One of the aims of the UK Schools Council's "Modular Courses 
in Technology", of which I was Director from 1978 to 1984, was 
the fostering of improved attitudes towards technology i n 
industry on the part of those fourteen to sixteen year old 
s e condary school pupils who took courses based on the 
p r oject's materials. In order to evaluate whether this aim 
ha d been achieved, an instrument to assess attitude change had 
t o be developed (2). To this end, I and my co-researchers 
developed an attitude scale for this purpose, which was made 
up four sub-scales. The four sub-scales that were assessed 
were: 
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DESIGI AID 
TECHIOLOOY 

Centred on the departments of: 
• Art and Design 
• Craft, Design .t Technology, 
• Business Studies, 
• H0111e EconoIlli. cs, 

and possibly Infor11llJtion Technology. 

Figure 1 - Design and Technology in the National Curriculum. 
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an attitude towards technology and technologists 
attitude towards a career in industry 
a t titude towards technical training beyond school 
attitude towards technology as a school subject. 

Apart from using the attitude test to evaluate the impact of 
t he Modular Courses in Technology project, the instrument was 
a l so used o n a much larger survey. In this survey some 10,000 
pupils' att itudes to technology and industry were measured to 
establish regional norms. Having established regional norms 
twelve schools were chosen that had exceptionally high average 
attitude scores. These schools were then case studies to 
establish if there were any particular common factors that 
marked out them out from other schools. Time does not permit 
a full discussion of all the results of the survey, but I want 
to draw your attention to two particular sections on contacts 
with industry and proximity to industry. 

CONTACTS WITH INDUSTRY 

In some cas ,~ study schools there were notable contacts 
between the school and industry. Some of these contacts 
particularly affected staff, such as schools - industry 
liaison schemes, and school staff who had worked in 
industry or had practical contacts with industry, whilst 
other contacts would have had more direct effect on 
pupils , such as schools having good employment records 
with firms, leading to employers turning to the school 
first for recruits, and work experience schemes for 
fourth and fifth year pupils. Such links tend to create 
sympathy with industry on the part of staff and older 
pupils, and it is quite likely that the influence of such 
views would permeate to fourth year pupils and tend to 
create favourable attitudes on their behalf towards 
technology in industry. 

PROXI MITY TO INDUSTRY 

perhaps another fact worth commenting on about case study 
school s is that, despite the variety of situations in 
which schools were f ound , none of t hem were placed right 
next to any heavy manuf ac t uring i ndustry or engineer ing 
works. This was true even f or t hose s chools where 
pupils' parents worked in such industri e s , or where by 
t r aditi on, pupils entered such employment. Consequently 
the mos t unpleasant aspect of technology and i ndustry 
were not constant l y being thrust at them. Contrastingly, 
in nearl y all schools , pupil s were fascinated by the 
glamorous product o f modern "c lean" technology, both 
elec tri cal and mechanica l . Several t eachers commented 
t hat pupils' image of technology was therefore 
unrealist ic . The a uthor s d i spute this observation since 
it seems that much of Britain ' s future e conomic 
prosper ity wil l depend on electr onics and "clean " 
technology , and its appl ication to heavy manufacturing 
industry s hould lead to the most unpleasant aspects of 
these industrial environments disappearing. 
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In 1987 I moved back into Higher Education as Assistant 
Director for Academic Development at South Bank Polytechnic, 
eventually becoming Deputy Director with responsibility for 
academic standards and resources, before setting up my own 
consultancy at the beginning of this year. At South Bank I 
had a particular remit to introduce more client-based degree 
programmes that were supported and sponsored by industry and 
commerce, as well as introducing an element of management 
training, financial acumen, and entrepreneurial activity into 
all under-graduate degree programmes, including those of 
Science and Engineering. 

Over this period of time consultancies were also undertaken 
for Unesco (India) and the British Council (Trinidad and 
Tobago; Jamaica) on technological and education and vocational 
education; the Open University on the Advanced Diploma for 
School Technology; the BBC advising on Computer Awareness 
programmes; and more recently for the Council for National 
Academic Awards (CNAA) and the Grant-Maintained Schools Centre 
(GMSC) on quality. The CNAA project involves working with 
major industries to accredit their in-house training 
programmes at the post-graduate and post-experience level and 
this work recognises the much closer liaison that now exists 
between the industrial and commercial sectors and Higher 
Education institutions. The work for the Grant-maintained 
School Centre is related to quality assurance which will cover 
the careers education and school-industry link provision. So 
just a little contract with industry - which, of course, may 
be a dangerous thingl So I will tread carefully. 

Emphasis in Education in England and Wales 

Over the last forty years, Education in England and Wales has 
moved from a liberal and pupil-centred approach to a balanced 
curriculum which takes account of pupils' needs as well as 
those on the outside world. It is often thought that this has 
been the result of the recent Education Reform Act, but the 
1944 Education Act clearly stated that Local Education 
Authorities and their schools should provide educational 
programmes suited to the age, aptitude, and ability of their 
pupils, but in the context of the society of which they were a 
part. However, with the advent of the rapid technological, 
economic and social changes in the UK of the last decade, more 
emphasis has needed to be given to vocational and 
technological education than had hitherto been the case to 
establish the proper balance for pupils between their personal 
development and the needs of the outside world, including the 
world of work. 

But, the education system was slow to respond and it was not 
until the 1960's that curriculum projects began to acknowledge 
the need to relate to the outside world. A summary of 
subsequent developments leading up to the introduction of the 
National Curriculum is given in the "Technology and School" 
report of the PATT Conference in Lagow Castle in Poland in 
April 1990 (see pages 77 to 92) and conference participants 
are referred to this paper as time does not permit even a 
precis here. 
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From the first quoted section it is obvious that teachers who 
have had a positive experience of industry do have a positive 
i nt luence on their pupils' attitude towards technology and 
i ndustry, a nd in this respect t hey are good sales people. 
However, the second section suggest that teachers are not 
a utomatic al ly good advocates, particularly where they have not 
ha d any exp erience or a negative experience of industry. the 
a ssumption that industry is not only "dirty" in physical 
cha racteristics but also in its contribution to society is 
und oubtedly encouraged where teachers have gone from school 
int o teacher training and then back into school, as their 
a t t itudes have probably been shaped by their parents and their 
teachers a decade or so earlier. To break the vicious cycle 
o f school-training-school, the agent of change must be either 
i n- service training or initial teacher training, or both. 

Initial and In-Service Teacher Training 

It is essential for those staff delivering ITT or INSET, be 
t hey tutors in an Education department or advisors in an LEA, 
to have had a positive experience of industry themselves to be 
a b le to offer programmes that give student teachers or 
teachers the right kind of experience of industry and 
technology. Already teacher trainers are expected to have 
regular professional renewal in the classroom and this is now 
being extended to industrial experience. Similarly, while 
inspectors and advisors make regular visits to schools which 
keep them professionally in contact, increasingly they are 
being released for secondment to industry and commerce for 
s hort periods of time. It is essential, however, that these 
are planned placements and not a Cook's rapid guided tour of a 
particular factory or company. A planned placement must 
include specific work shadowing to understand the nature of a 
firm's operation; specific management tasks that are of 
positive value to the company and to the person on placement; 
and joint curriculum development work that can form a link 
between the firm and the educational institution involved 
whether it is a school, LEA or HE education department. For 
teacher trainers and advisors the curriculum development can 
often be usefully focussed at providing an industry-orientated 
module on an ITT or INSET course. 

There is a danger that preparation for an industrial placement 
i s not adeq uate or is absent, but it is necessary for those 
going on p l acement to have some appreciation of the structure 
of the British economy and its relation to Europe and the rest 
of the world. For example, they will need to know somethi ng 
a b out the three sectors of industrial activity as illustrated 
in Figure 2 . 

They will also need to know something about the size o f 
companies a n d their ownership (sole traders, partnerships and 
l i mited companies both private and public) and the f unction of 
the depa r tments which make up the basic structure o f a 
company , such as Mar keting; Re s earch, Development and Design; 
Manuf a cturi n g ; Finance; Personne l and Health and Safety ; 
Qua lity Control; and Management Services. There wil l also 
need t o be a n effective de- briefing at the end af a p l acement 
to e n sure that continued links e x ist between i ndustry a nd the 
ins t i t utions involved. Ways should also be explored o f 
placement s being set up the other way round with 
i ndustrialists working within an HE Education department, a 
Cu r riculum Development Centre of an LEA, or within a school. 
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Once t eacher trainers have had industrial experience, t he 
process c an be repeated with s tudents or practising teachers. 
but i n t h is c ase there can b e added benefit in e ncouraging 
b oth the students teachers and the practising teachers to set 
up their own enterprise schemes involving pupils, either as an 
e xtra-mura l activity or as part of a school's overall 
t e chnical a nd vocational programme. Many schools suspend the 
r e gular t imetable for a week or a fortnight to run such 
schemes. 

I n my presentation to PATT 4, I outlined the three modes of 
i nitial teacher training (3): 

These modes are: 

the Concurrent Degree and Teacher's Certificate route 
the Post Graduate Certificate of Education 
the B.Ed degree. 

Yo u will note that in the Concurrent Degree and Teachers' 
Ce r tificate scheme there is an in-built industrial placement 
o f approximately six months in most programmes. 

There is obviously some difficulty in introducing such an 
e l ement into the one-year Post Graduate Certificate of 
Ed ucation, but some Education departments, instead of 
e ncouraging students to spend some time in schools before 
starting their one year course, are encouraging them to 
undertake an industrial placement instead of, or in 
combination with, a school placement. For example, working in 
i ndustry for the month of July and in a school for the month 
o f September, or alternatively working for those two months 
t hree days a week in a local industry and two days a week in a 
school. The problem with this requirement is that this is a 
period in which students traditionally earn money to support 
t hemselves for the ensuing year and schools and industry are 
not normally willing to pay students on such placements. This 
is a problem that has yet to be solved. 

The B.Ed pattern of training increasingly is including 
industrial awareness modules and placement as part of the 
training programme, particularly for Design and Technology 
t e achers and at least two presentations at this conference 
wi ll give more details concerning such developments. 
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Effective Technology Teaching 

From what has been said, effective teaching in the area of 
Technology and Design is difficult to achieve without a 
majority of the staff teaching in this area having some 
experience of industry. Equally, team teaching is difficult 
to avoid if the range of experience, knowledge and skills is 
going to be covered that is being demanded by the four 
attainment targets. From my point of view, a well balanced 
Design and Technology team would include at least one teacher 
over fifty years of age from industry, with the rest of the 
team having at least the equivalent of one year's experience 
of industry, and with at least four different specialist 
backgrounds in the team e.g. Home Economics, Business Studies, 
Design, etc. This is quite a tough target to reach and with 
the present financial constraints, it is difficult to see 
teachers released for one year placements. If the placements 
are properly structured where the management tasks develop 
management skills (many of which will be relevant in a school 
context): where work shadowing develops a first-hand 
understanding of an industry through exposure to its principle 
sections: and where there is a remit to produce relevant 
curriculum materials a shorter period will suffice provided 
there continues to be relevant and realistic contact with the 
industry afterwards. 

Some Future Developments 

Increasingly, all degree programmes in Higher Education 
Institutions will need to include management training, 
economic awareness, business skills, a European appreciation, 
and enterprise activity. This will produce graduates coming 
into teaching with a far better awareness of the outside 
world, and in particular the industrial and commercial 
sectors, than has hitherto been the case. In addition, 
industry and commerce are running many more courses in-house 
that go beyond basic skill training, and indeed, some of the 
major companies are now seeking to have such courses validated 
by the Council for National Academic Awards. Before long this 
may well mean that the majority of the modules forming a 
degree programme have been carried out in-house by an 
industry. It may therefore be possible for student teachers 
to be seconded from their Institutions to take such courses 
alongside employees of an industry thereby gaining from 
studying in an industrial rather than academic environ. 

Conclusion 

I hope this short presentation has triggered some useful and 
relevant ideas amongst you for further debate and development. 
But there can be no doubt that a rounded technological 
education must show the interdependence of industrial growth 
and technological advance, and teachers can only do this in a 
positive way if they have direct experience of the industrial 
sector through school-industrial-links, placements or having 
spent part of their career in industry. 
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THE DEVELOPMENT OF ECONOMIC AND INDUSTRIAL 
AWARENESS WITHIN SECONDARY DESIGN AND TECHNOLOGY 
TEACHER TRAINING COURSES 

J.R. Matthias, Wolverhamptol1 Polytechnic 
United Kingdom 

Introduction 

The development of economic and industrial understanding is an Important element of the 
education system within the United Kingdom. It is seen as mai<ing an important contribution to 
the personal and social development of school pupils. Within the National Curiculum, It is a 
cross-curricular theme which is taught through foundation subjects and other areas of the 
school curriculum. The National Curriculum document Curriculum Guidance No 4 "Education for 
Economic and Industrial Undertstanding" puts forward a clear justification for Its inclusion 
within the 5-16 curriculum. 

Throughout their lives pupils will face econqmic decisions. They will face choices 
about how they contribute to the economy through their work. They will decide how 
to organise their finances and which goods or services to s;>end money on. They will 
form views on public issues, such as the environmental effects of economic development 
or the economic arguments involved in elections. 

Education for economic and industrial understanding aims to help pupils make these 
decisions. It explores economic aspects of their present lives. It prepares them for 
future economic roles: as producers, consumers and citizens in a democracy. 

Pupils need education for economic and industrial understanding to help them 
contribute to an industrialised, highly technological society. With Increasing 
economic competiveness, both In the European Community and worldwide, the 
nation's prosperity depends more than ever.on the knowledge, understanding 
and skills of young people. To meet this challenge pupils need to understand 
enterprise and wealth creation and develop entrepreneuriai skills. 

It is therefore Important that teacher training cour~s reflect this philosophy and provide 
opportunities for potential teachers to develop aP,Pl'oprlate knowledge, understanding, skills and 
attitudes. The purpose of this paper Is to describe how this is achieved within Design and 
Technology teacher training courses at Wolverhampton Polytechnic. First of all, the general 
policy for developing this cross-curricular theme will be described, as will ways in which the 
essential principles of economic and industrial permeate the cOurse. Elements of the course 
which focus explicitly upon this economic and industrial understanding will also be described. 
The paper will then focus upon the implications for this cross-curricular theme within the 
United Kingdom National Curriculum for Technology. Staff development issues for Polytechnic 
tutors will also be addressed. Finally, the paper will conclude with a brief discussion of possible 
future developments in this area. 



- 336 -

1 The policy for developing this cross-currlcular theme 

The model of the teacher (figure 1) generated for secondary teacher training at Wolvemampton 
Polytechlc has attempted to encompass a range of professional competences and understanding 
which. In part. reflect the underlying principles associated with the development of economic 
and Industrial understanding. 

I The Beginning Teacher wID aim to develop J 
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This then is the general model of the secondary teacher upon which Initial teacher training 
courses are based. Many of the competences embodied in this model are seen as vital in the 
development of economic and industrial understanding. Withir. the secondary portfolio 
documentation these are expressed more explicitly as : 

(i) to develop student appreciation of the value of educationlindustry liaison and to create 
an awareness of current initiatives; 

(ii) to encourage students to identify and explore link potential within their own teaching; 

(Iii) to provide an opportunity for students to employ, develop and demonstrate enterprise 
skills in accordance with the aims of the Faculty of Education's Enterprise In Teacher 
Education Project (ETEP). 

2 Ways In which the basic principles of economic and Industrial 
understanding permeate the course 

The basic principles of enterprise underpin the secondary portfolio of Initial teacher training 
courses. These are seen as an essential element In the development of economic and Industrial 
understanding. An attempt has been made to ensure that the course deSign, and the teaching and 
learning strategies embodied within it, support these basic enterprise competences : 

Presentation 
Communication 
Problem solving 
Decision making 
Time management 
Team skills 
Personal analysis 
Self review and assessment 

It is recognised, however, that the developmentof these personal competences is closely related 
to the development of other professional competences. It is also recognised that competence can 
be defined in a number of ways. From experience in previous courses, it became clear that a 
simplistic definition could encourage students to undervalue the complex processes of teaching 
and learning. The secondary portfolio has therefore been developed on a COMPETENCY PLUS 
model. That is to say, an approach which attempts to balance the development of professional and 
core competences with knowledge and understanding of the theoretical perspectives which 
underpin these competences (figure 2). 

Competence has therefore been defined at three levels: 

Technical Competence - that Is to say, the development of competence outside the full 
process of classroom teaching. Competences will be developed through key lectures, tutorials, 
practical demonstrations, micro teaching, team and peer activities, self review/assessment and 
a whole range of school·based activities. 

Action Competences - these competences are demonstrated through the more normal process 
of classroom teaching. The complex process of !eachlng and learning does, of course, integrate 
many individual competences into a more holistiG process. Nevertheless, it is possible to 
Identify clear areas of competence within a natural teaching situation. 
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Theoretical PerapecUv81 • these oompetences will demonstrate knowledge and 
understanding of the underlying principles in a range of theoretical perspectives which support 
th teaching and learning process. Students require knowledge and understanding to apply 
oompetences and to discriminate amongst a range of possibilities. They must appreciate the need 
to be flexible and to make decisions appropriate to new oontexts. 

TECHNICAL 
COMPETENCIES 

BEGINNING 
TEACHER 

THEORETICAL 
PERSPECTIVES 

REFLECTIVE PRACTITIONER 

The enterprise skills outlined above are an essential ingredient of this process and appear in 
every aspect of the model given abOve. They are central to the'teachlng and learning approaches 
which underpin this oourse. The Flexible Learning Approach (figure 3)generated by the 
Technical and Vocational Education Initiative (TVEI) Is used as a modei for both the processes of 
the oourse and to illustrate the oompetences which win be required by the beginning teacher In 
the school situation. In other words, it Is a model for both teaching and learning as far as Design 
and Technology students are ooncemed. 
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3 Explicit elements of the course which focus upon economic and Industrial 
understanding 

The diagram below (figure 4) shows the modular pattern for a student following a Four Year 
B Ed in DeSign and Technology. Over the four years of the course a student will take : 

16 Subject modules 

8 Professional and Applied Subject Modules 

8 Supervised Teaching Experience (STE) modules ' 

During each year a 'base' school will be allocated to each student. The purpose of this Is to 
provide a professional context to help the development of competences identified In professional 
and applied subject modules. The 'base' school will also be used to complete the more formal 
elements of Supervised Teachlr:g Experience. 

l 
E 
A 
R 
N 
I 
N 
G 

C 
Y 
C 
l 
E 



- 340 -

Secondlry Portfolio· Design' Technology Roul .. 
Four V.lr B.Ed. 

levels 1/2 

Levels 2/3 

Level 3 

level 3 

Subject 1 nGib IqIIaIIng ......-
.... Pwoc._ 

Subject 2 D~I 

Subject 3 D Hro. 10 T.cMOlog,. 

Educa~on Ill. 
Training Foundation 1 

Subject 7 TQ2 T.ch. • (ny~ 

Subject 8 m.-..... Tec:h. 

Subject 9 T6 PIocIud DM9I 

Pupl 1 Classroom 
DIversity . Manooement 

Subject 11 "Malo! PIojecl 

Subject 12 :!~ DM9'o 

Subject 13 ~ InIe<po1oe TeChnoIogr 

Cun1culum 1=3 
SCHOOL BASED SEMESTER 

STE Planning. investigation " 
resourclng x 3 Weeks 
STEx9Weeks 
STE Evaluation + Competency 
Analysis x 3 Weeks 

SU::>ject 4 T. Penon. Dewlop,l 

~ect5 1G 1 Tech. In contut 

Subject 6 T5 lnIorm. Tech. 

Education&. Foundation 2 
Tralnlno 

T7 CornnuIIcaIInII • 

Subject 10 STE 1 

AppIed 
&bject 1 STE2 
AppIed 
&bject2 

STE3 Subject 14 
T1D~"'. 

STE4 

Subject 15 "'112 PenonoI 0... .• 

Subject 16 nIIlH ......... O"' .• 

Action Research Project 
SchooHocused 

(Double Module) 

Applied Subject 1 • PIoming/prEipOratlon. Subject ethos/context etc. 

Appned Subject 2 • Assessing and recording ocNevement 

Applied Subject 3 • ReSOllces • with particular emphasis on IT (persOnal 
use. review CtItIcally. constructtve use. evaluate) 

Sublect Routes 

-{ 
Design" Tecmology 

Technology 
Business Education 

Mathematics 

Many of the central principles of eoonomlc and Industrial understanding permeate the oourse. 
However. some modules address these Issues more expllclty : 

(I) Professional Studies Modules 

The Education and Training Modules 1/2 provide an opportunity for students to develop a 
range of key enabling skills· 



- 341 -

Self-review and assessment 

Time management 

Personal analysis 

Teamworklbuilding 

Communication 

Problem solving 

Information Technology 

The module Educatlon/lndustry Partnerships examines the development of the 
education-industry movement, gives an overview of the extent and potential benefits of 
industry-related work in schools today from a variety of viewpoints, and introduces students to 
the work of link agencies at local and national level. It alms to encourage students to Identify 
ways of incorporating an industrial dimension into their own teaching. 

(iI) Design and Technology Modules 

The opportunity to incorporate an economic and industrial dimension is available in a number of 
the Design and Technology subject modules. Some have been written with this aspect very firmly 
in mind. For example, Enterprise Technology will require students to engage in group/team 
work of a technological nature. Special emphasis will be placed on the grouplteam organisation 
and planning in meeting self-directed outcomes. Each team will be responsible for designing, 
financing, production and distribution of small commercial items. 

4 The Implications for this theme within the United Kingdom National 
Curriculum for Technology 

It Is clear that the National Curriculum subject area of Technology can playa major role In the 
development of economic and industrial understanding. Section 3.4 of Technology Non-Statutory 
Guidance - Design and Technology Capability Illustrates this potential : 

Pupils need expeience of the technological needs and opportunities arising in business 
and industry, and of the judgements which must be made. Considerations such as : 

• client and consumer satisfaction; 
• the importance of quality; 
• added value; 
• business structure; 
• production qualities; 
• market size; 
• environmental impact; 
• finance and deadlines; 
• health and safety; 

can arise naturally when technological activity is related to business and industrial 
contexts. Work-related activities can foster ,and demonstrate the value of personal 
qualities such as enterprise, self-discipline,'persistence, social responsibility, and 
the ability to work with others, take initiatives, decisions and risks. 
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The course outlined In section 31s Intended to prepare Design and Technology students to 
contribute to these developments. 

5 Ways In which staff development Issues are addressed 

The course developments outlined above obviously have implications for the staff development 
needs of Polytechnic tutors. These have been addressed In a number of ways : 

(I) Course Development 

External consultants have been used to help In course development. These have usually been 
people who are actively Involved in parallel developments In schools and LEAs. Polytechnic staff 
have worked alongside these consultants in the development of a curriculum framework and 
modules for the secondary portfolio. This has Included the economic and industrial dimension. 

(ii) Development of Curriculum Materials with Industry 

Design and Technology staff have been working in partnership with colleagues from industry to 
develop curriculum materials for use In schools which are based upon the National Curriculum 
Technology document. 

(III) Work Placements 

Staff involved in Initial teacher training courses have been Involved In work placements in a 
rallge of industrial and commercial contexts. . 

(Iv) Industrial Management Courses 

Staff involved in initial teacher training have also been attending industrial management 
courses. The aim is to help the development of management skills, and also to observe, at first 
hand, the training methods used by colleagues in industry. 

6 The Future 

The development of economic and Industrial understanding has been given a high priority in 
teacher training courses at Wolverhampton Polytechnic. However, a great deal of work remains 
lObe done. 

It is likely that staff placements In Industry will be further extended. It Is also anticipated that 
industrial colleagues will Increasingly be Involved In course planning and development. The 
general development of enterprise skills within student programmes will become an 
increasingly high priority. It is also likely there will be an extension of student project work 
which focuses upon an economic and industrial dimension. For example, within Design and 
Technology It Is anticipated that students will work closely with companies who are operating 
within the European Community. . 
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INDUSTRIAL AWARENESS: A CURRICULUM EXPERIMENT 

G. Shield, Sunderland Polytechnic 
United Kingdom 

Abstract: 
This paper looks at some of the problems posed in enabling 
s t udent teachers, in gaining an insight into the value of an 
a wareness of technology and industry and how strategies 
dev ised to meet this aim were imolemented. The difficulties 
i n constructing such a programme ~re threefold. First is the 
recognition that an understand ina of concept formation is 
essential to the process of comin; to terms with the issues 
pr esented. Secondly there is th~ need to establish a 
philosophy of education which regards such experience as 
v a luable and thirdlv is the reauirement to develoo meaninaful 
e x periences which iilustrate the real need for industrial-and 
technological awareness. 

Context: 

Pr ogrammes of study directed towards industrial understanding 
a r e frequently subject to misunderstanding. There are those 
who see the role of schools as beina that of oreoarina 
children to work in industry through giving them the ~kills 
and knowledge needed to fulfil industry's needs. There are 
those who think that industrv has an 'image' oroblem and bv 
informing children of the n~ture of the workpiace through a~ 
unbiased process this image can be enhanced and become more 
f a vourable. And there those who feel that by enlightening 
children of the 'world of work' the child will benefit 
through an increased understanding of a whole range of 
cultural, social and scientific conceots. 
The concept of "industry" however is ~ne that is value laden. 
In the north east of England, industry has a poor image. It 
i s one that is synonymous with heavy engineering, 
shipbuilding and mining and all of these acti vities have , 
over the last seventy fi ve years or so, been equated with a 
hard, dirty, frequently dangerous way of life and also one 
t hat is constantly moving through periods of recession. All 
images which have in the past created an atmosphere of 
a ntipathy and distrust. 
The changing economic face of our region, with an increasing 
e mphasis on light industry and service industries has led to 
t he need to revise the orevalent conceot. 
The view that indust~y should be ~quated solely with the 
ma nufacturing sector of society is outmoded and too narrow. 
I t is more useful to include other soheres such as banking , 
insurance and the service indust~ies. in other words we 
s hould be looking at working life in ge~eral. Together with 
t h is change in the concept of what 'industry' represents is 
the need to ensure that education/industry links are seen to 
be important by children , teachers and the public at large. 
There is an imperative to ensure that our pupils are aware of 
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the economic base of society. 
To ensure success in this 
peoples concept of industry 
constructed, it depends on the 
Toft 1989) 

aim it is important to change 
but a concept is socially 

individuals perception. (See 

As well as recruit ina students straight from school who, by 
definition, have little first hand knowledae of industry, 
there is the increasina trend in the United Kingdom to 
recruit student teacher~ from industrv. These approaches 
however, may not be the most successful way to provide a 
corps of ambassadors to extol its virtues. Each student from 
this backaround has either consciously rejected the world of 
industrial~work, for various reasons, or been rejected by it, 
frequently through redundancy. The requirement to 'sell' 
industry to pupils in schools should therefore start with the 
education of their teachers. 
This education must start with an exoloration of the olace of 
technology within the school curricuiuln. Unless a student can 
place his task within a context he will not be capable of 
exercisina orofessional iudaement. 
The needs~of industry may ~not be vastly different from the 
requirements of a good general education. In a recent paper 
by Nicholson and Moss (1990) it was shown that companies were 
interested in a range of interpersonal and life skills such 
as the abilitv to oerform as oart of groups as well as the 
need for self~discloline and ~elf motivation. These skills go 
hand in hand with n~meracy, oracy and literacy. 

Technology education in the United Kinadom has evolved 
throuah two lines. The first one based on ~vocationalism or 
social needs and the second, which developed through the 
'liberal/classical' tradition to the child centred 
approaches common in some schools and subject areas today. 
In the latter case iustification for practical work is 
related either to satisfying creative needs or generalised 
coanitive abilities or beina used as a vehicle to help 
de~elop intellectual skill~ and knowledge through a 
'practical' approach. 
These two paradigms have created tensions over the recent 
years resulting in swinas between those who advocate the 
development of the 'liberal' thinker and those who see the 
aim of education as being to provide a skilled and expert 
workforce. 

A further attribute was said to be that of character 
building, no doubt stemming from the Victorian (and earlier) 
pre-occupation with setting the poor to work. 
Whilst it is difficult to aive a definitive descriotion of 
the aims and objectives of what has emerged as 'Technology' 
in the schools of the United Kinadom. and I'm sure most 
people have seen such definitions ad n~useum, this attempt by 
Down (1986) is useful in that it tends to stress the broader 
aims. 

"The aims, then of a technological education must be 
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primarily that of preparing children, morally and 
politically, for understanding and being critically 
aware of the social issues of technology. Secondly it 
must involve learning how to employ technological 
devices, wherever appropriate. Thirdly, in relation to 
COT, it must include some involvement in and 
understanding of the areas of technology that can be 
related to designing and making." 

The perception held by many that practical work in schools is 
vocationally orientated (until recently only for those 
embarking on craft based careers) and is a subject that 
requires a lower intellectual capacity than tha~ required for 
s uccess in academic work is one that is rarely articulated in 
o f ficial pronouncements. It is however difficult to dispute 
t hat in reality this perception is not only held, but can be 
i l lustrated by the "type" of student who elects to study such 
s Ubjects after the age of 14 and also by the attitude of 
bodies such as universities who fail to recoanise the value 
o f the work in the General Certificate of Secondary 
Education or at the Advanced level of the General Certificate 
o f Education. 

Until the advent of the National Curriculum in England and 
Wa les with its requirement that all children should study 
'technology' it was not unusual for the more academically 
i nclined child to manage to evade technologically related 
work from the age of thirteen or earlier, and conversely for 
low achievers to spend a considerable proportion of the week 
ba sed in the workshoo. " " 
This utilitarian view of technology is strangely orientated 
towards the state school system. In other areas of the 
e ducation system, such as the public schools this vocational 
e mphasis was not so apparent. In more recent times grammar 
a nd public schools which offered the subject tended to stress 
t qe 'general educational' as opposed to 'vocational' 
a dvantages. (See Page 1965 p27 ). 
There has, however, been a long held belief that the country 
ne eded a supply of well trained artisans to ensure that the 
Un ited Kingdom could compete successfully with international 
competi~ion. This has been discussed at least since the Great 
Exhibition of 1851 and it has emerged in one way or another 
over the decades. (See Eggleston 1988 pl15) 
Similar arguments were used over the introduction of the 
Technical and Vocational Education Initiative and the 
National Curriculum. 
Wi th the National Curriculum the message is not quite so 
explicit but it is still there. The Education Reform Act (DES 
1989 p2.) says that the curriculum should be balanced and 
broad based preparing pupils for the responsibilities and 
opportunities of adult life. And again with that other recent 
innovation, City Technology Colleges (DES 1986 p3) similar 
v i ews are presented. 
When these"views of the curriculum are related to the subject 
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area we again meet the vocational reauirements of the child 
being considered. The opportunity being recognised by 
Harrison G (1990 ) who identified the potential of the 
vocational element of the NCC Technology Proposals and urged 
that this aspect should be capitalised upon in the 
development of the subject area. 
Harrison M.E.(1988 pp70-71) suggests that technology should 
be in the school curriculum for the following reasons:-

"the intrinsic worth of 
developing capability, 
oreoaration for livina 

and:-" " ~ 

technology , its value in 
the economic imperative, 

in a technological society," 

"When you actually get down to it, the essential 
features of a technological education appear to involve: 
active methods of learning, finding solutions to 
problems which learners have oersonallv identified, 
doing, making and organising activities,~ co-operative 
activity. 

All of these are within the context of technological activity 
which makes use of appropriate skills, knowledge and 
attitudes" 
In a recent paper Dyrenfurth (1990) emphasised that 
"technoloaical literacv" is a key element in a range of 
spheres, including pers;nal, social, civic and occupational, 
and by acquiring this competency it results in an increased 
capacity for "learning-to-Iearn". 
This process model of technology is a reflection of the 
broader aims of education discussed some years ago now by 
thinkers who were not happy with the content based curricula 
on offer. (See Toffler 1970 ) The discussion is brought up to 
date by Jose Chambers (1989) who, when discussing the 
position of Technoloav within the National Curriculum links 
the aims of education to the world of work and technology. 
This philosophy emphasises the need to enhance transferable 
skills by identifying key competencies and consequently 
placing the acquisition of 'knowledge' to a subservient 
position. 
"Technology" is therefore in the curriculum of our schools 
for a number of inextricably related complex reasons, ranging 
from the needs of an advanced industrial society to an 
historical and socially defined view of what counts as 
worthwhile knowledge. This latter reason has a bearing on 
the status of technological activity and consequently the 
role of the subject in schools and also in society generally. 
This may be one of the most important reasons for the 
consolidation of an 'industrial' perspective to the 
technology curriculum. 

Background: 

Sunderland Polytechnic has been involved in the education of 
teachers of technology for a number of years. Specialising 
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in the 'conversion' of mature students from industry but 
i creasingly working within the field of in-service work and 
wi th younger students. In more recent years we have 
de veloped a two year B.Ed scheme for well qualified mature 
s t udents and also a four year scheme leading to the degree of 
B. Ed. (Hans). Whilst the two year scheme now offers a range 
o f subjects, the initial subjects cf fered were 'Technology' 
a nd 'Business Studies'. 
Whilst this paper is concerned with the work of students 
t r aining to teach in secondary schools, the School of 
Ed ucation is also involved with similar work at the primary 
l evel. The primary team is in receipt of a grant from the 
De partment of Education and Science to develop work into 
e c onomic awareness at this level. 
On our course leadina to the dearee of B.Ed.IHons) in Desian 
a nd Technology there J is a plan~ed approach to in~orporati~g 
Ed ucation/Industry links in to the curriculum over three of 
the four year course. 
Thi s on-going module of work has been planned to ensure that 
t he st~dents not only gain an insight into a commercial or 
i ndustrial setting through a variety of activities but also 
t hrough structured sessions in which they are introduced to 
t he world of education and industrv. In other words the 
professional considerations of the t~acher will be addressed 
a s well as gaining an experience of industry. 
Th is understanding is similar to that reported by Bloomer and 
Scott (1990) in their survey of Indus trial and Commercial 
Pe rspectives of Teacher Education. Purposes were listed as:-

"enabling students to relate their teaching to the life 
and work of the community; 
helping students to realize the potential of industry 
and commerce as teaching resources; 
developing students' understanding of the knowledge , 
skills and attitudes which young people need in the 
transition from school to adult life." 

The module is in four parts:-
i. An induction Deriod of one week in which students are 
i ntroduced to the Education/Industry programme. Students 
look at topics such as the structure of business and industry 
together with resources and support available. There are also 
visits to schools where examDles of aood Dractice in the 
field can be observed. " J " 

i i . The second week of this part of the Droaramme is a 
residenti ~ l experience where students can visit industrial 
concerns outside the immediate neiahbourhood. 
ii i. During the third year of the ;ourse students spend three 
weeks working in a local enterprise centre initially on their 
own but later with pupils developing their own expertise at 
s e tting up and operating a mini company. 
i V. The industrial placement occurs during the fourth year. 
I n this Dart of the course the student 'shadows' someone in 
industry" for a period of four weeks. Students are 
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expected to observe a full range of activities, particularly 
those which ~ouch on the young worker. These could include 
personnel work and training programmes. 
Our parallel course of B. Ed. (Hons) Business Studies, which 
has been long established, has a similar involvement with the 
commercial and industrial world and such an emphasis has 
proved valuable over the vears. 
This is a short descripti~n of the structured input to 
the degrees, what may be more useful would be look 
exercises which were undertaken recently outside 
programme. 

one of 
at two 

this 

Two examples: 

As mentioned earlier the work being described here uses the 
terms 'technology' and 'industry' in their widest sense. It 
is essential that we recoanise that the values and aualities 
that are required from a~ 'education' as well as required by 
industry are not mere sUbject knowledge in the form of 
'applied science' or 'craft skills' but must include economic 
awareness, an understanding of marketing and 'inter-personal 
skills' amongst many others. 
On the very first day of their course, all the students (over 
120 of them) on the full range of 'technology' and 'business 
studies' courses were given a real task to complete and which 
was expected to take some fifteen hours of formal input as 
well as a similar amount of non-directed time. 
The School of Education needed a 'freebie' to hand out at an 
exhibition and it was decided that the students themselves 
should design, produce a prototype, conduct the negotiations 
with the manufacture and deliver on time the oroduct in a 
cost effective manner. " 
The students were grouped in blocks of five reflecting a 
balance of the two and four year courses as well as their 
specialisms of technology or business studies. 
The brief, reproduced here, was presented to the students 
during a large group session. 

"The Design and Technology exhibition at the NEe in 
Birmingham provides a platform upon which we can oromote 
our course and the institution. To enhance this 
promotional exercise you are required to design, 
prototype and plan a promotional 'freebie'. 
This 'freebie' should helo to oublicise Sunderland 
Polytechnic School of Edu~ation "in a general sense 
and/or specifically our activi~ies in Design and 
Technology and Business Education. 
You will need to design, prototype, cost and 
the means of production for 500 and 1,000 of 
you are proposing. The maximum budget 
Producing more than 1,000 items for this 
acceptable but remember quality is important." 

establish 
the item 
is £300. 
cost is 

During the working periods each subgroup was required to send 
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a member to participate in sessions dedicated to an 'input' 
of specific skills or knowledge. These participants were then 
c harged with transmitting the knowledge gained to the rest of 
t heir sub group. The inputs included skills such as display 
t e chniques, how to write a report and present their product, 
and how to negotiate with manufacturers . As well as these 
specialist inputs each group had allocated to it a lecturer 
who was to be used as a resource. The skills of these 
lecturers ranged from marketing to electronics and from 
graphics to information technology. In other words the staff 
could not be expected to carry out the projects on their own, 
group work was essential to ensure success. 
Each group was required to present a display which included a 
graphical representation of the product, a prototype, a 
report including a cost analysis and a market survey. The 
resulting products were judged by the rest of the 
participating students who were all allocated two votes to 
use as they thought fit after an examination of the products 
and listening to the presentations. 
The range of work produced included, carrier bags, calendars, 
desk tidies , and the winners 'memo pads' 

The results of the project were excellent. At the 
comparatively mundane level of developing a group ethos from 
the very early stages of their college career the results 
were good. As was the learning about the way groups function 
which developed from this 'hands on' approach:-

"What I liked about it .... first of all was you were working 
with other people, there was five of us, and I liked that. 
They were from different subjects. Some were from Business 
Studies, Design and Technology, some maths and we got 
together and found there was something each of us could 
contribute to. I liked that you could share." 

and again:-

"If you take a vote on it you end up with winners and losers 
- that's why concensus is better" (A mature Technology 
student discussing how decisions were made.) 

These students from a range of backgrounds and ages and 
embarking on different courses were introduced to a real life 
project which could only be solved through working as a group 
and through employing the range of expertise found within 
that group. The importance of good display techniques, of 
effective presentation skills and of being able to cost 
effectively and 'market' their product were all emphasised. 

"First of all its cost ... how much it's going to cost, how 
much you're going to sell it for - there has to be a profit. 
It's got to be attractive - it's got to be packaged. Oh it 
wa s very good for my course. All the subjects were there 
together. You know. The publicity, how it was presented. It 
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was very much like a commercial product really" 
ex-heating engineer) 

('Jim' an 

What of the other more usual aspects of technology? Again the 
students were involved in learning which ensured an 
acquaintance with a range of materials and with a range of 
production methods:-

"To actually see a laser printer work ..... you know the end 
product of that it's fantastic. You know something I'd never 
seen before" (Rav - a mature student who had been a power 
station engine~r)~ 

The academic staff involved have also realised the advantages 
of such an exercise. Such a total absorption approach 
requires a considerable degree of dedication on the part of 
staff, who as well as their involvement with this venture , 
were also involved in their routine work with other groups. 
Never-the-Iess after the work had been evaluated their 
expectations had not only been justified but exceeded:-

"To actually start something on the very first day and to 
have something real to do in a fortnight was really 
wonderful. They really enjoyed it. And to have to organise it 
and to choose the winners, they and not the staff, gave them 
a lot of satisfaction. At the end of the day they saw the 
finished product - and it was useful". (Carol, leader of 
Business Education team) 

A second project which was worked with our two year B.Ed. 
Technology students arose out of a visit to the Grundfos 
Manufacturing Company Ltd. This project was more limited in 
its aims and the narticinants were drawn from only one course 
but it still required an" understanding of the broader aims of 
industry. 
The students had toured the factorv and discussed the roles 
played by the range of specialists~employed in its work. 
As you may know the Grundfos company is an international 
company which produces over three million pumps annually. The 
factory in Sunderland produces eighteen thousand small 
domestic units each week. 
We wanted a project which was not only meaningful but one 
which refl~cted the wide range of activities undertaken in 
industry. In other words it wasn't sufficient to go into a 
factory and work on a production line (most of our students 
were very familiar with work of this nature.) We decided that 
invo]vement in a real marketing situation would be more 
valuable. Consequently we set the following brief:-

"Grundfos traditionally sells it's numns to wholesalers, 
plumbers merchants, central heating" contractors and 
local authorities. 
A new market has been perceived with the product being 
aimed at the D.I.Y. enthusiast, who may be installing 
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his own central heating system or replacing a faulty 
pump in an existing system. 
The D.I.Y. enthusiast may not be an expert plumber, 
although he may have the necessary technical exoertise 
to fit such a unit providing he is given sufficient 
information, support and confidence as an integral part 
of the marketing strategy of the product" 

The packaging had to be sturdy enough to support the pump, 
allowing for the individual units to be stacked and shrink 
wrapped on to pallets for despatch as is the companies 
current practice. The students were also required to submit 
an analysis of the market needs of the product, proposals for 
a range of designs which had to be fully evaluated, to 
include card developments, models, as well as, layout and 
text where appropriate. The final package had to be worked to 
pr ototype stage. 

As well as building on existing knowledge of the company 
involved, this oro;ect entailed a range of other 'industrial' 
skills. The stude~ts had to understand the products' 
technoloaical features so that thev could describe how to 
install it. They had to investigate~how it would sell through 
market research and an examination of the orooosed outlet and 
t hey had to produce the finished packa~e.· The packagiLg 
i t self involved working in a range of materials and using a 
range of techniques. 
The finished solutions were evaluated by the general manager 
and the personnel manager of the company who spent 
considerable time discussina the merits of each submission. 
Eventually they selected a ~a small number of the best 
solutions to give to their marketing division for their 
scrutiny. 
The most interesting lesson obtained from this whole project 
however, was that eventually it was decided by the company 
upon further consideration that employing such a marketing 
s t rategy would alienate existing customers to the extent that 
i t would not be a profitable venture!!! 

Conclusion 

Possibly the most fundamental learning activity to take place 
wi thin 'technology' is that of 'learning through doing'. If 
therefore students are to aain a worthwhile exoerience of 
' i ndustry' this experience mu~t be structured so that not 
only is the 'activity' itself seen to be valid but also that 
the educational concepts behind the experience can also be 
seen to be relevant to a technologically based society. In 
our approach to the work in Sunderland we feel that we have 
embarked on such a model and are looking forward to 
consolidating this approach in the future. 
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TECHNOLOGY TEACHER EDUCATION AND INUSTRY. A 
VICTORIAN PERSPECTIVE 

R. Verity, Hawthorn Institute of Education 
Australia 

Hawthorn Institute of Education began as a Technical Teachers College. Victoria had a 
dual Post Primary teaching facility, High Schools and Technical Schools. H.LE. trained 
the technical teachers for the Ministry of Education. 

Participants who are enrolled for teacher training were and still are employed by the 
Ministry of Education. These trainees, as they are known, are drawn from a variety of 
trade backgrounds. Historically they were trained as trade workshop teachers preparing 
young people in the skills of trade, such as Woodwork, Sheetmetal, Automotive, Fitting 
and Machining and Electrical. Concentrating on skills development to enable the young 
persons to gain an understanding of the various trades into which they may enter and 
become apprentices and completing their studies at trade school. 

These trades persons brought with them a considerable library of working skills, skills 
which earned them a livelihood. Skills which they passed on to junior Post Primary 
students, in much the same way as they were taught. 

As these trainees were ex trades persons, they were often employed by a technical school 
which also taught trade apprentices. Frequently they taught in both areas of study, which 
further narrowed their skills to a particular trade or industry, neither lifting the student or 
themselves above the handicrafts or the industrial model. 

Today our trainee technology teachers are still drawn from industry by the Ministry of 
Education through advertisements in the press. Drawn from traditional trade areas, to 
teach the new curriculum of technology studies at a post primary level years 7-12. 

After selection they are employed by the Ministry and placed into a school as a trainee 
technology teacher. They are also required to attend classes at the Institute for two days 
per week and teach in the selected school for the remaining three days of the week for a 
two year period. 

These trainees still bring with them the narrow skills of the trade, and in some cases more 
up-to-date skills of the information model of production. Such as computer numerical 
control. However these are in the minority. 

Today our trainees are trained on a broader base, enabling them to gain a greater 
understanding of Technology and Technological Change. They are enrolled in DIPLOMA 
OF TEACHING (TECHNOWGy). 

DTPWMA OF TEACHING (TECHNOWGy) 

A three year course, with the first two years known as "core years", the trainee attends 
R LE. for two days per week. The final year being completed on a part time basis, with 
classes being conducted at weekends and block vacation times. 

Five strands of study form the two year core component of the course. 
Strand 1 Teaching, Learning and Curriculum 
Strand 2 Technology Studies 
Strand 3 Educational Psychology 
Stf(U1d 4 Language and Communication 
Strand 5 Education, Technology and Society 
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The complementary component which forms the third year of the course is designed to 
provide increased breadth and depth in participants' knowledge, skills and attitudes in 
technology. 

(i) an Advanced Specialist Studies Program which deepens and strengthens the base 
entry qualifications of participants in their own specialist fields, particularly in 
new technology areas. This study is the equivalent of 300 hours of class study 
contact time. 

(ii) a Technology Education Program which builds on previous studies in both the 
Technology Studies and Teaching, Learning and Curriculum strands, and utilizes 
a teaching experience/field work component in which participants will be 
expected to develop, trial and evaluate various approaches to teaching technology 
studies and to implement new units of technology studies curriculum in their 
particular teaching contexts. 

The aims of this specialist component is to provide participants with a program that will be 
developed from their technical backgrounds and be relevant to their teaching needs by 
enabling them to extend their knowledge and skills associated with: 

(i) Current theory and practice 
(ii) Investigating and utilizing information resources about technology 
(iii) Develop an understanding of new technological developments, particularly those 

related to their own specialist fields. 

TECHNOLOGY EDUCATION PROGRAM 

Studies in this program will include components of Teaching, Learning and Curriculum 
and Technology Studies, complemented by teaching experience/field work. The total 
program consists of 150 contact hours and 150 hours of field experience. It is proposed 
that participants will have the opportunity to complete the program through part-time study 
over a period of one year. 

Aims 

This program will extend studies in Teaching, Learning and Curriculum and Technology 
Studies pursued in the core program and, in particular, will enable participants to: 

(i) further extend their knowledge/skills base across a range of technologies and 
technological applications appropriate to their needs as teachers of technology 
(Years 7 to 12); 

(ii) extend their levels of competence as teachers of technology and their general 
ability to make useful contributions to school curriculum, particularly in the area 
of technology education. 

Content and Processes 

The substantial part of this program will consist of "hands-on" activities in Technology 
Studies. Units in the four general areas of transport, information, manufacturing and 
construction will be available and participants should pursue one unit from each of the 
these areas which most extend their knowledge/skills base in Technology Studies. Each 
unit will involve 40 hours of class contact making a total requirement of 120 hours class 
contact in this aspect of the program. 
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Studies in Teaching, Learning and Curriculum will be integrated throughout this program 
in a variety of ways. Firstly, whilst pursuing Technology Studies units, participants will 
be encouraged to reflect on their own learning and to consider ways in which they may 
effectively provide appropriate learning experiences for their own students in similar areas 
of technology education. A compulsory unit involving 30 hours of class contact, pursued 
after completing the Technology Studies unit, will focus around curriculum issues arising 
from these experiences, from the participants' own teaching experience and drawing on 
general curriculum development, theory and practice. The unit will require participants to 
develop, trial and evaluate new technology education curriculum in their respective 
schools. 

Throughout the entire unit, participants will be actively involved in teaching Technology 
Sfudies in various school settings. Through the Field Experience component, involving the 
equivalent of 150 hours of class contact, participants will be required to trial and evaluate a 
variety of teaching approaches and be involved in other curriculum development activities 
in technology education programs. 

The diagram below indicates the manner in which the various components of the program 
described above will be related to form an integrated, cohesive program. 

TEACHING 
LEARNING & 
CURRICULUM 
6 HRS I 

TECHNOLOGY STUDIES: 120 HOURS 
(participants select three units) 

TRANSPffiT I NFffiMA T I ON CONSTRUCT lOi~ MANUFACTJRE 

b -f-
U 
:::::J 
Cl a a::: 
f-
:z: -

FIELD EXPERIENCE: 150 HRS 

TEACHING 
LEARNING & 
CliRR I CULU!"I 
24 HRS 

TECHNOLOGY 
E DUCA T [OI'~ 

CURR I CULUM 

Through the Technology Education Program staff at H.LE. Technology Studies department 
have built on to their industrial contacts to assist the trainees in their projects. These 
contacts included large and small companies and together they form a broader base of 
technology and also act as contacts for students who are developing further their knowledge 
of technology. 

In this context industry is seen as a source of supply in both kind and information. 
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From the staff perspective contacts are made through industry exhibitions, industry 
associations, government bodies and private contacts. Networking is encouraged for both 
staff and students. Industrial visits can be arranged by staff although trainees are 
encourage to arrange their own visits to fulfil the requirements of the field experience. 

POST GRADUATE WORK 

Within the Graduate Diploma in Education and Training (Technology). 
A program developed for practising teachers to upgrade in Technology Studies. This 
program is open to any qualifled Post Primary teacher, so a variety of teachers partake in 
the course. 

Course Duration 

One year full time studies conducted over two/three years part time studies. 

Comprising of six (6) units equivalent to one year full time study. The six units include a 
major strand of four (4) compulsory units together with two elective units. 
Course content: 

QMOOI 
QMOO2 
QMOO3 
QMOO4 

QMOO5 
QMOO6 
QMOO7 
QMOO8 
QMOO9 
QMOIO 
QMOll 

Technology and Technological Cbange 
Application of Tecbnology 
Learning Processes in Technology Education 
Technology Education in the School/College Curriculum 

Introduction into Micro Electronics 
Materials Technology 
Computer Numerical Control 
Mechanism and Machines 
Computer Aided Design and Graphics 
Workshop Techniques and Practices 
Applied Project Work 

] 

Compulsory 
Units 

Electives 

During QMOOI Technology and Technological Change guests speakers from industry are 
invited into the courses to relate to students changes that have and are taking place due to 
government economic statements, production methods and work practices. 

Participants are required to set a course of study, investigating historical development and 
societal impact of technological change. 

An analysis of a sample of technological developments over time, their relationship to 
social change and their impact on social groups, work, leisure and education. 

Guest speakers give the students the relevant impact, industrial visits allow the students to 
experience first hand the changes which have and are taking place since they joined the 
teaching area. 

Industry sectors can be called upon for visits. Materials are donated by industry for 
program development. 

When staff take students on visits they may be located within the city limits or in country 
areas. Industry-based visits enable students to gain an up to date understanding of how 
industry is shifting from the industrial model to the information-based model of production 
with the use of systems and CNC equipment. 
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This challenges both trainee teachers and practising teachers, to bring this knowledge into 
practice within the technology classroom. 

They are often reminded that they are teaching the future workforce of the 21st century. 

We begin investigating design, manufacture testing and product evaluation to gain a greater 
understanding of how new materials are replacing traditional materials; how new methods 
of production require a broader understanding of work; identifying the relationship 
between the history of technology major social change and future directions. 
Here students may be asked to follow the history and changes in a product. Document 
their learning through assignments and keeping of a journal. 

This type of investigation role plays what is required in the school curriculum. It also 
provides a resource of contacts and information which can be shared by all and through 
this we open up to industry a gateway for dual contact. 

There has not been a tradition within our school system for industry to contribute to 
education other than individual parents on school councils and parent groups. 

Prior to the trainees or post graduate students going to industry, staff are encouraged to 
introduce the idea by example. This approach requires a great deal of networking by staff, 
for we may wish to look at many areas of industry. Industry sectors provide a good 
channel for this to occur. An example is the Plastics Industry where we wanted to have 
knowledge of the industry, materials and manufacturing processes. This is an industry 
where no previous trade existed, so therefore we were starting from scratch. 

In this case the providers of teacher training became members of the industry training 
committee. Gained membership to industry association, developed a network of raw 
material manufacturers contacts, visited converters manufacturing facilities and began 
producing learning programs for teachers. 

This process was used in other areas such as the Automotive industry where we were 
working with manufacturers to gain a better understanding of the manufacturing process 
and how the industry functions and how technology has changed the workplace. 

Displays of engine castings are used to show students what is involved in the production of 
an engine rather than how to service an engine. This is complemented with work sheet on 
Mineral, Metals and Machines a program sponsored by General Motors Holden Engine 
Company. The display is currently located in a college close to GMHE and will move to 
other colleges in time. 

Materials from the Plastic Industry are supplied by raw materials suppliers to our Institute, 
these are then converted into products used for the identification of plastics at a classroom 
level and so teach students the various processes of converting materials into 
artefacts/products at a school level. 

When introducing an area of technology which is considered new to school and school 
curriculum, industry is involved as early as possible. This establishes credibility with the 
industry and will provide a vehicle for obtaining components from which to develop 
courses. The challenge is to make our trainee teachers more flexible, adaptive, to be a 
facilitator in the classroom. To be able to identify problems, set problem solving briefs to 
prepare the student for learning about learning and not failure. 
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Where a systems program on pneumatics was proposed, an approach was made to Festo 
Australia who conduct in-house training program for industry. The approach was to 
encourage the company to become interested in education at the Post Primary level. 
They responded by allowing student teachers to partake, free of charge in a training 
program on Pneumatics and control technology. As a didactic approach is used for 
industry, negotiations were entered into to develop problem-solving exercises for 
Technology Studies teachers. Basic equipment kits have now been developed using 
industrial components including simple programs for Post Primary level. Three kits in 
total have been developed ranging in complexity from basic units through to electro 
pneumatics. This has been achieved with the co-operation of the local agent and the parent 
company in Germany. 

Organisation currently networking with Technology Studies at H.LE. 

Plastic Industry 

General Motors 
Holden Engine 
Company 

Ford Motors 

Brigg and Stratton 
Dunlop Tyres 

Food Industry 

Raw Material suppliers 
Converters and fabricators 

Manufactured components 
Careers information 
Industrial visits 
Source of reference for course information 

Supply of plastic components 
Industrial visits 
Quality control circles 

Manufactured components for learning packages 
Industrial visits 
Education displays on road safety, tyre selection and repair 

Noon Pie and Cake manufacturers - industrial visits 
Biscuit manufacturers 

Systems manufacturers Festo Pneumatics 
Australian Electronic Industry Development Centre (AEIDC) 

Telecommunications Telecom Australia 

These are the major areas of contact, there are many more which students have established 
contacts with in their own geographic area. 

The implications for relating technology education and industry to the education of 
technology education is more relevant today than ever before. The technology studies 
teacher is unwise to try and teach technology without these contacts. We must keep 
abreast with the changes, to be able to develop within the student the enquiring mind, and 
the adaptable workforce required for the future. We are no longer teaching young people 
for a workforce which will rely on industrial skills. 

As educators in technology studies we must face the reality that the technology of today 
may not be the technology of the 21st Century. New materials, demand new technology. 
How relevant will the information we have today be in the 21 st century. Industry has to 
face change to maintain the leading edge and we, as technology educators should keep in 
contact with those industries who maintain the leading edge. 
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In Victoria, with the amalgamation of High Schools and Technical Schools, we have a 
group of highly skilled art and craft teachers who must begin to address technology and an 
ageing group of trade-trained technology teachers . The younger technology trained 
teachers need to develop a broader understanding of technology, and the most appropriate 
way of developing this is to work in harmony with industry, recognise the needs of 
industry personnel for the future. We are witnessing the growth of school industry support 
links. Teachers are being offered grants in time to work in industry for a given period of 
time. We are now hearing of schools who are placing students at Post Primary level into 
industry one day per week. Other schools are working with local industry , doing the 
practical work in the workplace; the theory in the school classroom. This is in its infancy 
and some industries are still having problems with the concept, and the legal aspect of 
occupation, safety and health regulations for visiting students. 

Discussion with industry reveals a confused need, due to our depressed economic position, 
we must try and look past this into a revitalised technological society. A society which 
requires people to be able to solve problems, be adaptable to change, be flexible in their 
thinking to produce a more literate society, a society which has an understanding of 
cOl1cepts. 
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SIMULATION OF FLEXIBLE MANUFACTURING SYSTEMS IN 
MODERN METHODS OF INDUSTRY PROCESS ORGANIZATION 
TEACHING 

D. Polanczyk, R. Stryjski, Pedagogical University Zielona 
Gora 
Poland 

Computer simulation has achieved great popularity and significance as 

a method of modelling complicated processes like economic organization or 

technological and technical processes. We live in a world where 

electronic computational techniques are widely applied in all sections of 

the economy. It may be assumed therefore that in areas like analysis, 

synthesis and economic, technological and technical processes control, 

certain problems exist which it would be described to solve by means of 

computer simulation. This is particularly true for problems related to 

technical manufacturing processes especially in view of the growing 

automatization of these processes and the need to bring them closer to 

the CIM (Computer Integrated Manufacturing) structure. 

The aim of this paper is to present our experience and conclusions 

connected with the creation of an integrated software simulation package 

for flexible manufacturing processes FMS (Flexible Manufacturing System) 

as well as indicating its possible application to the teaching of modern 

methods for organizing manufacturing processes and industrial management. 

A tentative block diagram of the simulation model is presented in 

illustration 1. The following elements appear in the system: 

1. Machining centres defined by: 

a) the type of machining centers, 

b) the variable number of machining centres of a given type, 

c) the so called machining centre store (defined by the amount of 

storage space for a given machining centre). 

The parameters of the model contained in the data base are: 

the number of machining centre types, the technological operations 

performed by a given type, and the number of particular types of 

machining centres together with their storage capacity. 
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FIG.1. THE ARCHITECTURE OF A FMS MODEL 

2. Means of transport, defined by: 

a) the number of such means of transport, 

b) the speed of the means of transport. 

3. Input store. 

This performs a symbolic function. It is concerned with 

OUTPUT 

STORE 

o 

• 

put ting the 

orders into action. It possesses an unlimited amount of storage space 

for pallets which are set in action according to production orders. 

4. Output store. 

Like the input store it has a symbolic role. It registers the 

completion of individual pallets with their parts and of the whole 

production order process. 

5. The FMS store known as the work-in-progress store. 

Its function is to buffer the manufacturing tasks in progress. 

6. Parts. 

FMS is most often designed for a limited class of manufacturing of a 

defined group of parts. 

The parameters of the parts are: 

a) the maximum number of parts fitting onto the pallet, 
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b) machining centre technology (technological operations and their 

unit time) . 

7. Manufacturing orders defined by: 

the type of parts, the amount of a consignment and the earliest 

starting date, directed finishing date, priority of orders. 

8 . Pallets. 

These are the physical units of the model . They may be compared to 

transport consignments in conventional systems. 

9. The arrangement of fMS objects. 

The arrangement of stationary fMS objects (input store, work-in

progress store, output store, machining centres) and the temporary 

localization of mobile objects (pallets, means of transport) are de

fined by denoting objects to coordinating points of the system (X,V) . 

for each element in the system discrete states are defined in which 

each element can be found (eg. machining centre: -reserved, -engaged, 

-vacant) as well as logical equations describing the behaviour of that 

element. 

It should be pointed out that software for a discrete dynamic model -

capable of adaptation - has been made - in which the theory of bulk 

service has been applied . The production cells (eg. the working station) 

are interpreted as service channels, whereas manufacturing orders are 

regarded as call streams. 

The basic notion in this simulation is that of an event, for the work 

of the simulator consists in following changes arising in the state of 

the system and resulting from event stream processing. 

The simulation method can be applied in 3 basic spheres of the 

manufacturing process: 

1. function and structure design for the future explatation of systems 

(systems synthesis). 

2. Analysis of the modus operandi and behaviour of actually functioning 

systems. 

3. The application of simulations models as process identifiers for 

existing automatized manufacturing processes. 

In the process of streams processing certain deciding criteria are 

built into the program which allow us to realize various priorities and 

examine their influences on the optimal exploitation of the system and the 

course of production . 
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At the Pedagogical University in Zielona G6ra we are carrying our 

experiments on making use of Petri's theory of nets in modelling such 

processes. The aim of this would be to maximally simplify the general 

algor i thm wi th the ear I iest possible detect ion of breakdown sit ua tions 

(deadlock etc. ). 

The model described has several didactic applications. Above all, it 

is a practical application of mathematical simulation modelling which 

allows us to make use of net algorithms. It introduces the students to 

modern methods of manufacturing organization and the complex functioning 

of business (management, finance and accountancy, materials management, 

automatized manufacturing process control). It also allows for the 

presentation of practical ways of exploiting new trends in programming 

(eg. OOP - Object Oriented Programming). 

We are also working on models for less automatized manufacturing 

processes. The possibility of making use of this kind of computer 

simulations within the functioning conditions of the Polish economy seems 

to us to be particularly important. The impossibility of raising the high 

investment outlays necessary for new advanced technologies impels us to 

look for ways of maximally exploiting our already existing manufacturing 

potential. This demands, among other things, the need to take into 

account the human factor in manufacturing, which is connected with the 

choice of the simplest possible (ie. most easily implemented) model of 

human behaviour in the manufacturing process. This is, however more the 

domain of those sciences which describe processes arising from the 

contact between Man and his technical environment (psychology, sociology, 

ergonomy etc. ). 

The didactic value of the software package described would be 

significantly increased by the addition of an animating module which 

would present the course of simulated manufacturing process in a more 

visual and user-friendly manner. 
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PRACTICAL TRAINING OF TEACHERS OF TECHNOLOGY IN 
INDUSTRY 

A. Gawdzik, L. Przybylski, P. Minski, · Pedagogical 
University of Opole 
Poland 

PRACTICAL TRAINING OF TEACHERS OF TECHNOLOGY IN INDUSTRY 

1. Characteristics of Institute of Technology activity 

The Institute of Technology functioning at the Pedagogical University of 

Opole and being set within the framework of the Department of 

Mathematics,Physics and Chemistry, has trained teachers for many years,who 

acquire qualifications for teaching technology at schools. The education is 

carried out at the faculty known as "technology education" for intramural and 

extramural students on the basis of five year curriculum. 

Intramural studies include three parallel specializations: technology 

fundamentals, mechanics and electrotechnics. Teachers training in these 

spetializations is determined by the specificity of the region, and the growing 

needs of both grammar and technical secondary schools for qualified teaching 

staff. All graduates obtain the right to perform technology education in 

grammar schools, as well as in secondary technical schools, i.e. they are 

entitled to teach: 

- fundamental subjects belonging to mechanico-technological group, after 

finishing specialization in mechanics; 

- fundamental subjects belonging to electrotechnical-electronic group, after 

finishing specialization in electrotechnics. 

Plans and curricula for respective specializations, apart from specialization 

subjects, also include four week training in industry during summer holidays 

after two year studies. 
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2. Aims and tasks of industrial training 

It is an assential element in the process of teachers of technology education 

that praxis be strictly connected with theory . This skill is acquired by the 

students throughout the didactic process by dividing respective subjects into 

theoretical ( lectures) and practical ( lab. activities) ones. Supplementary to .. 
the process is industrial training effectively illustrates the functioning of an 

industrial organism. During the training, the student learns about various 

production methods employing machinery, equipment and materials otherwise 

known only from lectures and lab classes. Optional form of participating in the 

activity of a well-run industrial unit enables to better understand social aspects 

of work, and also other problems related to different stages of the activity . 

In principle and practice, three forms of organizing industrial train ing may 

be applied: 

- passive training - learning about the activity in all departments and selected 

production points; 

- active training - performing concrete assignments, Le. direct participation in 

production process; 

- mixed training - combination of organizational forms taken from passive and 

active training . 

The selection of the form is determined by a prior professional education 

(some students are secondary technical school graduates), and the 

opportunities offered by an industrial unit. 

In our opinion, only mixed training, executed at the right time and according 

to a specified plan, may secure a complete realization of the aims expected. To 

achieve effects required may, however, pose difficulties. Mixed training is, for 

an industrial unit, organizationally troublesome. The unit would rather see 

students being employed at concrete production pOints particularly during 

holiday seasons as this is connected with problems of full employment. Such a 

situation can not be changed by the Institute authorities. Mixed training, as 

compared with the other forms, is more oriented towards such personal 

features as the capability to relate facts, observational sense, commitment and 

discipline. Thus, the training tutor gives the students concrete assignments 

fulfilment of which is the I}ecessary credit for the training. 

Owing to the short period of training - four weeks, passive training is often 

organized the aims of which are to give the knowledge of: 

- overall activity of the industrial unit, connected and unconnected with 
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production; 

- organizational structure of the unit and its sections ; 

- principles and methods applied in the management and organization; 

- modern production techniques and documentation circulation during 

production; 

- environmental problems and ways of solving them. 

The students, as future teachers of technology, should have an opportunity to 

know about the work of grammar and secondary technical schools graduates. 

It enable the future teacher to understand the requirements set by the 

industrial unit to the employee soon after graduating from the above

mentioned schools. 

3. Execution of industrial training 

Each training is carried out on the basis of prepared regulations. These 

define duties for the student, training managers and didactic tutors appointed 

by the Institute. The student undertaking the training is supplied with an 

assignment form, set of regulations, programme and register book. The same 

set of regulations and programme are sent to the industrial unit. Didactic tutors 

inform the students about the production profile of the unit, accommodation 

and who, as the unit representative, is to settle all formal problems as regards 

the acceptance at the unit. Having a general knowledge about the unit and all 

necessary documents, the students start training . 

Not all industrial units are interested in accepting trainees which the 

necessity to create specific of training. Then, energy production trainings 

mostly introduced which takes place at power plants or heat and power 

generating plants . Due to specificity of such plants it is possible to organize 

training for the students of both specializations i.e. mechanics and 

electrotechnics. The programme of such a training presented below includes 

exemplary suggestions of training execution. 

Problems connected with the technology of production: 

- plant structure and its place in energy system; 

- types of fuel burnt - transport and delivery; 

- water supply, construction of circulation and feeding pump, cooling systems; 

- construction of power generators, electric engines, transformers , switches 

and other electric fixings ; 

- construction of steam generators and turbines; 
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- heat diagram of the plant; 

- exhaustive and dust collecting equipment: 

- slag removing equipment; 

- fittings and controlling gauges. 

Problems connected with assembly and repairs : 

- participation of the students in assembly and repairs operations; 

- learning about organizing, planning and normalizing the system of payment 

for each production point. 

Problems connected with exploitation: 

- heating and electric system of power-block; 

- starting conditions of turbogenerator; 

- automatics, control and safety means; 

- system of electric connections and technicoeconomic gauges of power-

block operation; 

- protection of environment against dust, oxides and other pollutants emission. 

After finishing the training the students submit their register books which 

constitute the documentation of the programme executed and basis for giving 

credits. 

4. Conclusions 

Teacher of technology gives the pupils the knowledge obtained from the 

rapidly changing world of technology. He must show interest and be open to 

any novelties. He should be able to process, select and systematize the 

knowledge he gains with a view of using it for educational purposes. 

Industrial training is, in our opinion, one of the best opportunities for 

developing the skills mentioned before. Yet, it must be carefully prepared, and 

the student himself must not be treated neither as a kind of extra labour force 

nor someone interrupting a normal production process. 

In the execution of the studies curriculum preparing future teachers of 

technology, summer holidays training in industry is: 

- source of knowledge and factor deepening the knowledge; 

- verification of theoretical principles learnt at the Institute; 

- one of the ways to pres_erve the knowledge acquired; 

- possibility to gain skills at conducting training of secondary school pupil all by 

oneself. 
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The changing socio-economic situation in Poland requires that changes be 

found in plans and curriculum of teachers of technology education, too. The 

Institute of Technology carries out a research aiming at selection of 

educational specializations within the faculty of technology educations. 

namely: technology education with informatics, mechanics and 

electrotechnics. These three would employ three different industrial trainings 

with regard to changes in the structure and ownership in Polish industry, and 

new developments in technology. 



THEME 5 

PRIMARY SCHOOL TECHNOLOGY 
AND 

INDUSTRY 
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PRIMARY SCHOOL TECHNOLOGY AND INDUSTRY IN KENYA: 
OPPORTUNITIES AND CHALLENGES 

Dr. B.W. Kerre, Kenyatta University 
Kenya 

Introduction 

Our world today is steeped in science and technology. 

From our experiences of the First and Second World Wars, the 

spectacular space explorations spear headed by the Soviet 

Sputnik in 1957 up to America' s landing on the moon, the 

phenomenal developments in medicine and communications and 

back to war recently in the Middle East, we can all agree 

almost unanimously that science and technology can just as much 

improve our quality of life as they can also destroy us. 

The Frontiers 6£ Science and Technology 

Today 

Our world today is full of scientific and technological 

surprises. In medicine for example, the historic Jarvik- 7 

artificial heart was used to r eplace an ailing heart in 198 2 

(Newsweek, 13 December, 1982 p.lO). Today lasers are being 

used to cut away cancer tumors, eye doctors are using them for 

surgery on patients with diabetes, glaucoma and other 

potentially blinding disorders,gynaecologists and skin doctors 

are also using them (Edelson, 171 p.4). The use of bio-

technologies for both plant and animal life is still growing. 

In fact we can witness tomatoes growing about anywhere except 

on land, there is an increasing number of commodity substitutes 

for sugar, vitamins and there is more potential for 

substitutes of whole cash crops such as coffee and tea. 



- 372 -

One of the most revolutionary technologies of our times 

is what has been referred to as information technology: the 

combination of microchip computers, advanced telecommunications 

and a continuing process of innovation. We are living through 

a new industrial revolution propelled by the Earth satellite 

and a boom in telecommunications technologies based on infor

mation rather than power. In 1989 in August, for instance, 

after a 12 year and 7 billion kilometres space Odyssey, 

Voyager 2 past closest to Neptune the most distant and last 

unexplored planet, bringing back to earth the planet's 

pictures. Voyager had similar encounters with Jupiter in 

1979, Saturn in 1981 and Uranus in 1986 (Dougan, 58 p.35; 

Daily Nation, 24 November, 1989). 

Today there is increased competition among developed 

countries for "Satellite Parking Space." This is space based 

on geostationary orbit tnat is about 35,880km above the 

equator. Africa is entirely dependent on these countries 

for communication via satellites becaus'e none of the Africa 

nations currently have satellites in space. Those countries 

with technological advantages such as the USA are opposed to 

reservation of such space. While Africa has no share in such 

technological exploits, we are all very familiar with her 

vulnerability in taking a share in the debris that might 

escape to earth. 

In production technologies new frontiers in manufacturing 

feature computer Aided Design and Manufacturing (CAD/CAM) 

using robots and computerized machine tools in what is 
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currently refered to as Programmable Automation (PA). This 

technology is mainly used in manufacturing discrete products 

ranging from bolts to air cra f ts. PA uses mainly computer 

and communication technology. 

Science and Technology in Africa 

Young Africans of today and especially those born out of 

independent Af rica would most likely associate science and 

technology with the developed and industrialized countries of 

Europe, America, Japan and South Korea because of the achieve

ments in science and technology depicted by these nations. 

Such a distorted view is possible for two major reasons: 

First, Africa is cronically dependent on the developed 

countries in science and technology. The knowledge, goods and 

services in these areas are imported whole-scale and on an 

ever increasing level. Secondly, as i f there has been a great 

conspiracy, traditional, scienti f ic and technological develop

ments in Africa have been ignored both in production and in 

education despite their persistence even in modern Af rica. 

In history we read about the great Greek scholars who 

were educated in Alexandria, in Af rica. Africa, as is evidenced 

by the great pyramids of Egypt, was the mother of Mathematics 

especially in geometry and engineering application. What is 

intriguing, as one Af rican historian points out, is that while 

the works of students such as Archimedes, Pythagoras, Socrates, 

Plato and many others educated in Alexandria have been preserved 
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and are well known today, neither the works of their African 

professors nor any form of acknowledgement even by their 

students have been recorded (Simiyu, 1989, p.2). 

Science and technology may appear new in the African 

setting because of the level of innovation reached, yet to 

Africa the two have been practiced for as long as man has been 

on the continent. In the African context, science and techno

logy are applied everyday by solving problems and challenges 

in all aspects of life. Today, one can still find these 

applications in modern African societies, particularly in the 

rural areas. 

For example, in commemoration of its 25th Independence 

Anniversary in 1988, Kenya staged a National Science and 

Technology Exhibition in which a rich variety of traditional 

technologies were displayed. The traditional technologies 

included: Architecture, Iron smelting, and Mongery, Woodwork, 

Pottery and Ceramics, Weaving, Basketry, Textiles, Leatherwork, 

Music, Brewery, Food processing, preservation and storage; 

Cosmetology and Medicine. 

During the colonial era, most of Africa's technologies 

were suppressed in an attempt to wipe them out by introducing 

western technologies. While these succeeded somewhat, there 

is still a strong base of traditional technologies today in 

the rural areas of Africa. Improved western technologies 

disabled Africans in developing their own technologies thus 

relegating them to consumers of western technologies (Rodney, 

1974, p.190). 
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In this state, most of Africa could do nothing more than 

watch scientific and technological developments grow from 

handicraft levels to mechanization and cybernation in the West. 

In the more recent past most African states have now come 

to grips with the importance of science and technology for 

national development as shown in curriculum changes such those 

of Nigeria, Kenya, and Tanzania. This concern was well 

articulated when Mwalimu Julius Nyerere (1988) in his address 

at a symposium on 20 years of Education for Self Reliance in 

Tanzania noted: 

Our failure to emphasise science teaching of all 
kinds and of all levels and especially our 
indifference to technical and vocational training 
is the greatest failure of our educational 
system. Our total dependence on imported 
machinery and spare parts, the speed at which 
such things as imported vehicles, factory machines 
and electricity and water supply equipment break 
down or become useless is directly related to our 
illiteracy in technical skill in a technological 
age. We cannot hope to develop a modern nation 
unless we sholve this problem (p.1l8). 

The evolution of technology education in the 

Kenyan Educational Syste~ 

The demand for education in Kenya has been very high since 

the attainment of independence in 1963. Enrolments in primary 

schools grew from 891,553 in 1963 to 4,624,278 in 1986 represe-

nting a growth from 49% to 105% attendance of the primary 

school going age. In secondary schools the enrolments grew 

from about 31,120 in 1963 to 443,707 in 1985 a growth from a 

2% to 19% enrolment of secondary school going age. 
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Between 1964 and 1988, the Kenya government set up 

several national commissions of inquiry to study the 

educational goals and objectives of Kenya o Four of these 

major study commissions were: The Kenya Education Commission 

(1964), The National Committee on Educational Objectives and 

Policy (1976), The Presidential Working Party on the Second 

University (1981), and The Presidential Working Party on 

Education and Manpower Training for the Next Decade and 

Beyond (1988) 0 All the four commissions considered vocational 

education vital to the welfare of the citizens and development 

of the country. 

The Kenya Education Commission (1964) noted that there 

was need to change curriculum to give due emphasis on 

training in practical skills observing that "it is not without 

significance that, in the developed countries, a large 

proportion of scientists and engineers are competent crafts

men in their own right." (p. 81 part 1). 

The Report of the National Committee on Educational 

Objectives and Policies presented to the Kenyan Government 

was one of the most comprehensive studies on Education in 

Kenya. It recommended the vocationalization of the 

school curriculum having noted that the majority of Kenya's 

youth terminated at the primary school level. The Committee 

provided strong supp-ort for post-secondary school training that 

would enable the graduates of such programmes to be self

supporting. 
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The Presidential Working Party on A Second University 

called for the establishment of a second University in Kenya 

to be technically oriented and to be of four years duration. 

This in turn affected the entire educational programme in 

Kenya. Out of it was born the "8.4.4" system of education; 

eight years primary, four years secondary, and four years 

university level. The new educational system was implemented 

in 1985. 

The Report of the Presidential Working Party on Education 

and Manpower Training for the Next Decade and Beyond (1988) 

was accepted as Government policy in Sessional Paper No.6 of 

1988. The Working Party more generally recommended that the 

educational system should: 

1. lay a foundation in vocational skills required for socio

economic development; 

2. expose students to scientific and technological trends, 

skills and ideas; 

3. develop vocational and entrepreneurship skills as a 

basis for further training and employment; 

4. develop appropriate vocational attitudes, initiative, 

and creative thinking oriented to work; 

5. inculcate skills which are applicable to various trades, 

vocations and professions; 

6. develop an appreciation for the dignity of manual work 

(p. 17)~ 

More specifically, the working party called for "the 

development of indigeneous technology through education, 

training and research as a basis for accelerated growth of the 
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economy and industrialization (p.5)" and that "future policies 

in education and training should lay emphasis on and give 

priority to •.. the development of science and technology ... 

the vocationalization of education •.. management and entre-

preneurship training (p.8). 

Objectives of the 8.4.4 System of Education 

in Kenya 

The Kenyan government considers the following to be the 

most important goals of its educational system as articulated 

from: the KANU (ruling party) Manifesto; Sessional Paper No. 

10 on "African Socialism and its Application to Planning in 

Kenya, 1965"; National Development Plans, and National 

Commissions on Education (1964, 1976, 1981). 

(i) Education must serve to foster national unity. 

(ii) Education must serve the needs of national development. 

(iii) Education must foster, develop and communicate the rich 

and varied cultures of Kenya. 

(iv) Education must prepare and equip the youth of this 

country with the knowledge, skills and expertise 

necessary to enable them collectively, to play an 

effective role in the life of the nation whilst 

ensuring the opportunities are provided for the full 

development of individual talents and personality. 

(v) Education must promote social justice and morality by 

instilling the right attitudes necessary for training 

in social obligations and responsibilities. 

(vi) Kenya is a member of the international community, and 

hence its educational system must foster positive 

attitudes and consciousness towards other nations. 
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Primary Education 

Under the new 8.4.4 system of education in Kenya, primary 

education is the first cycle. The course lasts 8 years and 

ensures the provision of a more functional and practical 

education that largely meets the needs of the majority of 

children who terminate their formal education at the end of 

standard 8 while at the same time also catering for those who 

will continue with further education into the secondary cycle. 

The Primary School Curriculum is uniform throughout the 

country. It is nationally developed at the Kenya Institute 

of Education (K oI oE) through subject panels of experts. 

It is a broadfields type of curriculum aimed at various needs 

of learners ranging in age from 6 years to 14 years. 

The approved subjects for the Primary School Curriculum are 

(i) Kiswahili (vi i) Music 

(ii) English (viii) History and Civics 

(i i i) Mathematics (ix) Geography 

(iv) Science and Agriculture (x) Religious Education 

(v) Home Science (xi) Physical Education 

(v i) Art and Crafts 

The new primary school curriculum emphasizes the development 

of practical skills through subjects in Arts and Crafts, 

Home Science and Agriculture. In the Art and Crafts area the 

student will learn: 
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Drawing Ornament Making Puppetry 

Painting Pottery Woodwork 

Graphic design Leather work Metalwork 

Collage/Mosaic Carving 

Weaving Fabric design 

The Home Science area offers: 

Needlework Childcare 

Food preparation Care of Home 

The Agriculture area offers: 

Growing crops 

Raising domestic animals 

Poulty and bee keeping 

Making farm tools 

Caring for the soil and environ

ment. 

Technology Education in the Primary School Curriculum 

Technology education is a relatively new concept that 

is gaining rapid recognition around the world because it is 

based on the study of technology, the most powerful change 

agent in human history as Devore (1976) noted: 

One of the tragedies of our time is the 
belated recognition of the importance 
of technology in the affairs of human
kind. Technology has been and continues 
to be a powerful disruptive force in 
society ... Yet with few exceptions 
educators maintain they are liberating 
students and providing a liberal 
education when the study of technology 
is ignored (p.l). 
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We too in Kenya have been guilty of ignoring even our 

traditional African technologies and becoming victims of what 

DeVore (1979 p ol) refers to as an established "false dualism 

that separates ends from means and contemplation from action" 

throughout our human history. 

Technology which is the application of knowledge, tools 

and skills to solve practical problems and external human 

capability can best be described as a process but is best 

known by its products and their effects on society (AAAS, 

1989, p.l). In technology education the process, tools, 

products and impacts on society are studied. 

Technology education is best taught as an integrated 

discipline in the relevant subjects of the primary school 

curricula. Due to its pervasive influences, technology can 

easily be taught in every school subject. This is most 

important especially at the primary school level because the 

emphasis is to familiarize the children with technology and 

its dynamics in everyday life. 

As a technical process technology is different from 

science whose role is understanding. Technology's role is 

doing, making and implementing things and as such the youth 

should be familiar with the use of basic tools involved, 

processes and at the same time understand that society also 

influences technology. 
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Technology education is introduced into the primary school 

curriculum for two major reasons: First, the majority of 

primary school leavers will seek entry into the world of work 

because their primary education will be terminal. This is due 

to a variety of reasons including lack of school fees, the 

need to work to support the family and to many others inability 

to secure a place in the limited secondary school cyle o 

Second, technology continu~ to affect society and the work 

place. 

A closer scrutiny of the learning experiences in each 

of the vocational subjects, i.e., Agriculture, home science, 

and art and crafts, reveals a dominance of technology. This 

is equally true for the science subjects as well. 

Industrial Development in Kenya 

Since the colonial days, Kenya's economy has been 

chatacterised by the formal and informal sectors. The formal 

sector which has been dominated by large foreign entreprises 

and government parastatals has been most visible and attract

ive to new entrants in the labour force o The informal 

sector has been more difficult to locate and measure its 

productivity. It is characterised by small scale entrepreneurs 

operating either singly or in small numbers of up to six 

people. 

During the early 70s, the informal sector was recognised 

(ILO, 1972) as having potential for the creation of jobs in 

the country. Today the informal sector commonly referred to 
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as Jua Kali (Hot Sun) is thriving and promises Kenya's growing 

labour with numerous employment opportunities. 

Kenya has presently a potential labour force of 10 million 

people, one third of whom are unemployed or underemployed 

(Shaw, 1990). This potential workforce is growing at 3.8 per 

cent a year, as over 400,000 people are added every year, 

mainly school leavers at primary or secondary school level. 

The growth of the formal and public sectors largel y 

characteri zed by foreign investments and heavy government 

support respectively have declined due to certain structural 

problems. These include decline in foreign investments 

affected by the international business climate and laxity in 

parastatals due to heavy government subsidy. 

The government has now turned to the support and stimula

tion of the informal sector throu gh the provision of the 

enabling environment. 

Economic and Social Impact 

In Kenya some of the potential advantages of the informal 

sector enterprises are already being realized. They tend to 

use less capital per worker than larger enterprises. Their 

labour intensive character is consistent with the relative 

abudance of labour and the shortages of capital. Informal 

sector enterpri s es are capable of using capital productively 

and show higher ratios of value added to fixed a s sets than in 

larger entreprises. 
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An important factor often overlooked is that informal 

sector entreprises exhibit imagination by using workers with 

limited formal training who learn their trade on the job. 

As these employees gain skills and knowledge, they become 

an important source of new entrepreneural talent that other-

wise would not have been drawn into the development process. 

Informal sector enterprises are flexible and can respond to 

short term needs in any sector of the economy in effect 

acting as breeding ground for new and emerging entrepreneurs. 

Challenges to Linking Primary School 

Technology and Industry 

Whilst the important relationship between primary school 

technology and the industrial development needs can easily be 

perceived, several critical challenges must be overcome to 

make that linkage realizable in Kenya. 

(i) Industry state-of-the-art analysis 

A proper starting point for the promotion of industrial 

growth is an extensive analysis of the market and the 

constraints it imposes upon product upgrading changes in 

production methods. More specific industry to industry analyses 

of the state-of-the-art should be conducted to determine 

levels and appropriateness of technology which should 

constitute the basis for curriculum reform. It must be 

born in mind _that for developing countries like Kenya 

where a sufficient level of industrialization may not 

have taken place reforms in curriculum may not strictly 

follow the demands of existing industry o More 

futuristics determination may be necessaryo 
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(ii) Shifting from Traditional Technical Education 

Curriculum to address Technology Curriculum 

In Kenya, technology education is still being imparted 

under the old system of technical subjects which include: 

woodwork, metalwork, power mechanics, electricity, etc. 

There is a need to study current developments and trends 

in technology so that the curriculum can reflect emergi-

ng systems such as production, communications etc. which 

subsume the traditional single trade subject areas. 

Modern furniture production, for example, combines 

several technology processes and materials resulting in 

products that are a combination of wood, plastics and 

metals. 

(iii) Training of competent Technology Education 

Teachers 

Today, teachers used to teach technology education 

were trained in the traditional system. They do not 

possess the philosophy of technology education and do 

not possess a wide range of skills that would be 

required of a technology education teacher at the 

primary school level. There is a need for inservicing 

currently practising teacher while introducing new 

technology education curriculum in pre-service teacher 

training colleges. 

(iv) Development of Teaching/learning Materials 

A critical factor in the linkages of technology education 

to industry is the availability of appropriate teaching 
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aids, text books, and materials. In developing nations 

it is important to encourage the development of these 

materials from locally available resources. 

(v) Involvement of Industry in Technology 

Education Curriculum Reviews 

In order to be relevant to the world of work a school 

technology programme must operate closely to industry. 

Industrial experts and school teachers must interact. 

Industry must recognize what its future workers are 

getting , Pupils _ and teachers must constantly interact 

with the work place to recognize expectations. 

CONCLUSION 

Our modern scientific and technological developments 

dictate that the general population in a modern state be 

scientifically and technologically literate. There is a need 

to build a pool of technologically literate individuals who 

will take a leading role in the production of goods and 

services needed by the nation. 

In order to understand and eventually be in control of 

our future societie s we must study technology and its 

pervasive influences from our earliest youth. Hence the study 

of technology in the primary school curriculum. 

Technology education is relatively a new phenomenon in 

education requiring scrutiny and detailed studies in order to 

capture technology in its right perspective. The current 
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debates and research efforts in North America, Britain, 

Sweden, Netherlands and now in Africa are fundamental to the 

establishment of a philosophy, principles, and modes of 

practice in one of humankind's most creature endeavours

technology. 

In Kenya we have established a department of Technology 

Education at the University level where we are training 

teachers of technology education. As shown earlier in this 

paper the mechanism is in place for technology education in 

terms of acceptance at the primary and secondary level. 

The challenge remains for us all in this international 

fraternity to evolve a philosophy and content that will suit 

the needs of each given society or community. 

I have no doubt that we shall meet this challenge. 
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TECHNOLOGY TEACHING IN PRIMARY SCHOOLS AND 

INDUSTRY IN HUNGARY 

Dr. S. Kiss, Z. Bodoki, Z. Bun, Kolcsey F. Teachers' Training 

College Debrecen 
Hungary 

INTRODUCTION 

Starting from the general concept and specific features 

of the subject technology we have analised the main aims 

of teaching it in primary schools according to the new 

curriculum accepted in Hungary last. years. These main ideas 

are: - the ways of application of sciences; 

- abilities in the field of production; 

- the organisation of work and manuality; 

- preparing for choice of profession. 

The components of this subject accepted for realisation 

of the abOJe ideas can be divided into several fields of 

activity in the schools,such as: materials and their 

properties; outlook of the industrial processing; certain 

elements of the agricultural technology, housekeeping 

practices. The main topics of the subject beeing linked 

to the industry are: the production and formation of 

materials, energetics, technological communacation practices 

with construction and assembling sets and assembling 

complex models and machines, introduction to the electro

nics and computer technics. 

In the Hungarian school system there is eight-year school 

beginning at the age of six. This is traditionally divided 

into two four grade parts [IJ. In the lower part mainly 

a single primary school teacher teaches all subjects and 

in the higher four grades every subject is tought by 

different teachers. The teachers are trained in different 

colleges or universities depengding on the age of the 

pupils [2J. 
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BACKGROUND 

The subject technology had been introduced in 1978 in 

the primary schools of Hungary. 

concept of teaching technology 

It was not a general 

before but so called 

manual prctices were held in order to teach how ' to 

produce different not very complicated work-pieces. This 

earlier school activity in th~ field was not properly 

coordinated and conceptionally based. After 1978 one or 

two lessons per week were devoted to the technology in 

the all classes (1-8~ of the primary school The main 

elements of this change were as follows: 

putting the different operations on the material 

l or the processing of it l to the centre of teaching 

instead of the producing certain work-pieces 

working out a general concept of the technology 

teaching concerning both girls and boys less 

considering their different attitude Idifferent 

teaching programmes had been used for them before l 

reducing the difference in technology teaching in 

the villages and in the towns. Agricultural school 

activity was usua1in the villages and mainly 

industrial one in the towns before 1978. Introducing 

the general concept of technology both type of 

activities remained accepted I as version A and B I 
in the upper grades I class 5-8.1 of the primary 

school. But there were no differentiation in the 

lower grades I class 1-4.~ 

Survaying the results and problemes of the ten years in 

teaching of technology centrally initiated modifications 

were made again by the Ministry of Education in 1988. 

[3,~ • The main problemes inducung the modifications 

were like this: 

Uniform programme in the lower grades but two 

versions in the upper classes. It was a general 
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point to near the A and B version I tought mainly in 

the Lowns and villages respectively I. 

The developement of the science and technology induced 

a real need of topics what had not been included into 

the subject techology before: 

informatics, computers, microelectronics, biotechology 

It turned out the the uniform programme for both girls 

and boys was not in accordance with their attitude in 

every field. Girls would like to learn household too, 

for instance. 

Insufficiences in the methodology and in the material 

supply. The teaching subject was too theoretical. 

Certain problemes were assigned as a homework. Not 

all the operations were in accordance with the age of 

the children. 

In order to solve the above metioned problemes the next 

main modifications were made: 

In the field of the materials and their processing to 

teach their properties in more detailes and their 

testing as well. To know more about how to use and 

replace the different materials. Mo~place should be 

devoted to wood and textil because the supply and 

processing of these materials is not so complicated, 

but they can be used manyfoldedly. 

Complex works using different materials in the higher 

grades. Using more natural materials. The origin of 

the different materials~ their connection with the 

nature. 

Practices with assembling sets and assembling machines 

in connection with vehicles. More connection with 

knowledge about the traffic. 

Modelling the different motions and drives. Connection 

between machines and man. 



SURVEY 

- 392 -

Practices with construction sets. The points of the 

consturction. Elements of architecture, spatial 

thinking and view. 

Usage of computer, its main parts and functions. 

The possible role of the computer in the field of 

communication, work, controlling, entertainement 

and so on. 

In order to control how the above concept and ideas are 

carried ont in everyday school practice we have made a 

survey in the primary schools of the city Debrecen and in 

the neighbouring county. The questiones we have put were 

like these: 

What is the real proportion of the topics connected 

the industry compared to the whole subject of 

technology? 

How are these schools equipped? 

What is the effectivity of their utilisation? 

How are the teachers prepared for teaching the topics 

connec~ed to the industry? 
What is the teachers' attitude towards industrial 

and other topics? 

Are there any correlations between the technology 

teaching and choice of profession; or how does 

the usual choice of profession in a certain 

school influence the teaching of techology? 

E ~alueating the answers obtained from about 40 teachers 

dealing vith technology in lower or upper grades of diffe

rent primary schools the following main conclasions can be 

drawn: 

Concerning the proportion of the different possible 

topics in technology it turned Out that those are in 

majority which have been traditionally in the 

curriculum for a long time: The teachers are prepared 
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for there and there are demonstration and other mate

rials avail able. These main topics are: materials 

and their processing /30-40 % of the whole technology 

volume in average/ construction /10-15 % /, assembling 

10-15 %. Data for other topics are rather scattered. 

Teaching of industrial products made from different 

materials and their processing and utilisation for 

example need more complex knbwledgeso this topic has 

0-15 %. Similar result was obtained for the technical 

communication, transport or traffic and for the elements 

of the energetics as well. There are some schools where 

sigmificant portion is devoted to the household and 

to the agriculture but other schools almost negleot 

these topics. The low proportion of the computer techno

logy / 0-5 % / can be explained by the bad financional 

situation of the schools. 

Evaulating the answers for the attitude towards the 

different tepics we found that nearly all the teachers 

like to deal with materials and their operation and 

with construction. They like to teach the knowledge 

3bout the traffic / here were special courses in the 

teachers' training colleges / and large proportion of 

the teachers like electronics, computer technology or 

household. There are few data about the agriculture 

because in many schools this is not tought. Data for 

technological communication and machinery are rather 

scuttering highly depending on the teachers' knowladge 

and on the demonstration and material supply. 

The highest score was reached at girls by the household, 

agriculture, traffic, materials processing and technolo

gical communication and constructi~n - what was a bit of 

surprise. Girls like less the knowledge about the pro

ducts, machinary electronics and computers. 

Almost all the boys like material processing, ma hi

nary, electronics, computers and traffic. The hause

hold and agriculture is not so popular among the boys. 



- 394 -

The pro~ortion of the different topics and the 

teachers and pupils attitude towards them depends 

on the objective and subjective conditions in the 

school. The answers about the materials' and ather 

equinmentS"and tools; supply is spread on a large 

scale but nobcidy told: it is excellent or really 

good. 

The technology i~ tought by subject teacher in 

nearly the all upper grades, but only at certain 

places /mainly few schools in Debrecen / in the 

lower grades. In many schools there is a subject 

room but mainly for the upper grade classes only. 

In some cases the teacher has an extra graduation 

/ above the usual for technology teachers / in the 

field of traffic, technological communication, 

computer technology, machinery electronics or 

agriculture. 

Concerning the wishes about the different topics and 

the extra possibilities / study circles for instance / 

it turned out that pupils WOuld like to deal much 

more with household, sewing and computers in many 

places. In some places they prefer more do-it-yourself, 

electronics, machinery, modelling or agriculture. In 

all cases they like the manuality and only very few 

theoretical knowledge is populor in the frame of 

technology. 

Counting the activity of the study circles / extra 

" lessons " for . some pupils who are interested in 
spare time in topics not included in the subject technology 

but connected to it / we found that it has not the 

some spectra as the above wishes. The de-it-yourseef, 

traffic and computer technology circles are the most 

wide-spread because there has been a central aid for 

establishing them. There are few circles for hause

hold, sewing and pottery. We could find circles dea-

ling with modelling, machinary, printing and puppet 
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as well. But there are some schools where there are 

no such a circles what can be due to the financial 

situation of the schools and the teachers. The 

members . of the circles are both boys and girls and 

the popularity of the different activities is similar 

to that found for the different topi~sof the subject 

technology. It was a bit of surprise that the popu

larity does not depend on weather the members have 

good or not so good result in the regulr teaching 
process. 

The most direct question about the connection between 

technology teaching and the industry was asked about 

visiting industrial factories what has been a ~sual 

practice of the schods for a long time. It turned 

out that probably due to the new economic circumstances 

the number of such a visits is decreasing because certain 

factories are unwilling to accept the pupils Some 

schools do not organize visits in this way. Very few 

visits are organized to the agricultural factories 

or farms. Most of the upper grade classes visit facto

ries one or two times a year. The main targets are: 

wood-working industry, furmitur/e and canning factory 

sho€ and textile indusry, factories produceing machines 

and tools. The most popular are the places where all 

the process can be followed by the pupils. Lower grade 

pupils sometimes go to bakery, honey-cake maker, 

candle-maker er to a press. 

Concerning the connection between teaching technology 

and the choice of career we found that the influence 

of the school is not very big but it exists mainly 

in the case of the boys. Pupils meet the probleme of 

choOSing a job first at the end of the primary school 

at age of 14. At this age they know more or less the 

eligible professions but one or two years earlier this 

khowledge is very poor. This is in accordance with the 

results obtained on the neigh~ouring county where 

the popularity of varions professions was investigated 
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among pupils who has choosen the 8 version of the 

technology /agriculture/ [5J. It turned out that 

the 10-12 year old pupils have no real picture of 

what they should choose. They have learnt agricul

ture for years and enly small portion of them is 

willing to work in this field. 

Grouping the choosen professions how high level of 

technology knowledge is needod to it turned out 

that most of the girs choose profession with only 

the simplest technology level/this is the level of 

the every day life or the household/. The choosen 

professions were categorised in to six different 

levels in respect to the content of the technology 

knowledge. The boys' choice was distributing to all 

six categories but the professions with complicated 

and creative technology level/fifth and sixth 

category/ were not so popular as the easier ones [6J. 

Technology has been introduced as a conceptionolly based 

subject into the Hungarian primary school curriculum in 

1978. since that time one or two lessons per week have 

been devoted to this subject in both the lower grade 

/1-4./ and upper grade /5-8/ classes This subject has 

replaced the so called manual practices and the main 

new elements were: putting the different operations on 

the material to the centre instead of the producing certain 

work-pieces; reducing the difference between teaching boys 

and girls or teaching in villages and towns. 

After ten years in teaching of technology corrections 

were made in the programme in 1988: 

to deal intersively with materials processing and 

testing, complex works, natural materials 

construct~on assembling machines, vehicles and traffic 

usage of computer 
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From the survey made in the city Oebrecen and in the 

neighbouring county the fellowinq main conclusions can 

be drawn for the present situation: 

Those parts of the subject technology have the 

biggest proportion and popularity both among the 

teachers and pupils wich have been traditionally 

in the curriculum and which have been supplied 

with demonstration and other materials. 

There are new topics or wishes such as household 

sewing, computer technology. The presem study 

circles fulfil the wishes partly only. 

The topics connected to the industry have much 

more volume than the agricultural ones but only 

few direct links to the industry can be found. 

1nspite of the fact that pupils would like visit 

more factories the number of these events is 

decreasing. 1m few schools agriculture is tounght 

in majority. 

Teaching of technology has certain influence on 

choosing a job what is much more pronounced in the 

case of the boys. There are several schools where 

the usual choice of profession has influence on 

teaching of technology too. 
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TECHNOLOGY IN THE JUNIOR PRIMARY SCHOOL: USING AN 

ACROSS CURRICULUM METHODOLOGY WITH AN OVER-ALL 
THEME 

E.A. Braddock, Wynn Vale School 
Australia 

INTRODUCTION 

Technology has many varied and diverse definitions. Many 

equate the term Technology with just computing. Does this 

infer that there was no such thing as technology before compu

ters were developed? I want my students to understand that 

technology has developed as a result op people finding ways to 

solve problems and needs. To this end over the years I have 

developed a programme which helps children understand and 

appreciate technological developments - past and present, and 

allows them to experiment with and invent their own forms of 

technology through problem solving. 

The methodology 

The methodology used is the technological problem-solving 

methodology. The steps the children worked through for each 

problem solving activity were: 

1. Define the problem. 

2. Think and design a solution (design being drawing a plan). 

3. Make a model. 

4. Test it. 

5. Decide whether it needs modifying. 

6. Make the changes if any. 

7. Retest. 

8. Form conlusions and discuss with the class the findings. 

This worked really well with the children and they became very 

good at discussing their successes as well as the difficulties 

they encountered along the way. The teacher's role in all of 

this is vital. I want children to be actively involved and to 
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become risk-takers so as a teacher I need to be sensitive to 

the differences in individuals, aware of the children's needs, 

abili ties and diff icul ties and support them accordingly in a 

warm reassuring manner. We as teachers in fact need to become 

a resource for the children, we aid and suggest, question and 

show interest and encouragement. 

The children are introduced to technology as they come into my 

class by looking at various topics/themes and exploring how 

people solve problems within that area of study. Examples of 

this being: 

1. Castles and the various problems and solutions which 

people experienced at the time they lived in castles, e.g. 

defence, food supply, building and site location. 

2. On the theme of Transport we looked at: wheels - why are 

they round, materials needed and why the construction of 

wheels has changed through history: power sources used in 

transportation from muscle power onwards. 

Skill development 

When presented with problems of their own, young children have 

a wealth of ideas, but often lack the skills to develop them. 

It is important to have a skill development programme running 

concurrently with the problem solving programme. Children 

don't only need the practical hand skills, they need language, 

mathematical, research and social skills. A checklist helped 

me to assist each child and provide appropriate activities to 

cater for their individual needs. 

The skills needed for each child were identified through 

teacher observation and discussion with other teachers and 

parents. The children needed to be shown how to use classroom 

equipment correctly, e.g. staplers, scissors, computer, tape 

recorder, over-head projector, hand tools etc. so that they 

become independent users and can then use this equipment when 

it becomes necessary during problem solving activities. They 

need experiences with a variety of materials, - wood, paper, 

cardboard, plastic, rubber, wool, textiles, etc.; ways to join 
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them and when to use them to the best advantage. 

The development of not only hand skills but of the other vital 

skills was marked over the year. Because problem solving 

incorporates so many areas of the curriculum in a practical 

way, it gives purpose to some children who previously couldn't 

see why maths or language for example was important. 

Thinking and reasoning skills also developed and all the 

children showed more confidence and independence in all areas 

of their work. They definitely became risk-takers, who were 

willing to have a try at anything. 

Developing the theme "FACTORIES" and manufacturing 

Our broad theme for the year was "Machines are everywhere". In 

the first part of the year we looked at castles, machinery and 

the technology used by people in castle times. During this 

period I worked with the children on planning and why a plan 

is so important. I would often get them to draw the plan for 

their invention the day before and discuss individually with 

me the materials they needed to make it. This then gave me 

the chance to collect anything which wasn't available close at 

hand. Sometimes they would bring things from home to assist 

them. They often 'picked their parents brains' the night 

before as well. 

We then looked at the theme of transport and then lead into 

"technology in the home". This was of particular interest to 

the children because we thought about all the things that have 

been invented to solve problems within the home. 

This was a good topic to do some time-lines on. We researched 

for instance the development of cooking aids, refrigeration, 

and the children came up with some creative ideas for the 

future. 

The high-light of this theme was the day we took machines 

apart. The children brought from home old house-hold goods, so 

that we could investigate how they worked and were put toge

ther. We had type-writers, irons, vacuum cleaners, clocks, 

radios, t a pe rec orders - e ven an old lawn-mower motor. The 

room wa s a hive of activity. Ch i ldren, tools and machines 
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everywhere. One poor repair-man who came to the school to 

repair the ceiling was even roped into help unscrew stubborn 

nuts and bolts. The discoveries that the children made were 

exciting and important. They were able to verbalize and write 

about their findings. We sorted out all the components to keep 

for future inventions, and ended up with a great supply of 

nuts, bolts, wires, springs, magnets, screws, cogs, wheels as 

well as some of the bigger parts of machines. 

After the excitement of this, the children expressed amazement 

at the construction of machines. They were intr igued and it 

was a great opportunity to lead into how and where machines 

are made. It is very hard in Adelaide to find a machinery 

manufacturing plant which will allow a young group of children 

to visit. In most cases children have to be over 12 years of 

age - for safety reasons. However we did visit the sanitarium 

Heal th Foods Factory which gave them some idea of how a pro

duction line works and why that method is used. We also visi

ted the Birdwood Mill National Motor Museum in the Adelaide 

Hills which runs as part of its Education Programme a Lego 

Workshop which looks at building Lego cars in an assembly 

line. We researched and talked about many products which are 

made in factories and how the production line workers only do 

one or two tasks on the line. We then decided to have an 

assembly line of our own. The children voted that we would 

make cardboard cars and we brain-stormed all the jobs which 

would be needed to ensure that at the end of the line the 

product was complete. Children were then given jobs within the 

different "shops" of our factory. We had a body shop where the 

body of the car was traced, cut folded and joined by the 

children. Then the wheel shop team traced, cut, punched holes 

and joined on the wheels. The roof assemblers and fitters then 

completed the car. We had assembled 27 cars in 20 minutes. 

Unfortunately for me, I was the factory supervisor and I 

became so involved in keeping the line going, I forgot to take 

the photographs until the end, when the children were indivi

dualizing their car by painting it, adding number plates and 

lights. 

Of course real factories produce products for sale to make 
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money and so the children decided they wanted to make products 

to sell as well. We researched and discussed what sort of 

products would be sale-able to other children in the school, 

and what we would do with the profits. After making some 

sample products we decided that our most professional looking 

products were felt book marks, and circle spinners on string. 

We then divided into two assembly line teams which would 

produce, advertise, take orders, collect the money and deliver 

the products to the customers. The children made posters for 

each class notifying them of the price and days for ordering. 

They spoke about the products at school assembly and demon

strated them. Order forms were also made and given to all the 

children in the school. All our profits were going to the 

Anti-cancer Foundation and this was displayed on our adverti

sing. We were literally inundated with orders and we had to 

work overtime to keep up with demands. Our factory experiment 

had been really successful. Some of the outcomes for the 

children were: 

1. Being able to have first-hand experience in planning, 

manufacturing and marketing. 

2. Application of Mathematics skills, handling money, predic

ting profits, keeping daily tallies and over-all totals. 

3. Language and writing development through the need to adver

tise and produce order forms. 

4 . Social skills through working as team member. 

5. Pride in workmanship and producing the best finished pro

duct as possible. 

6. A feeling of excitement and success in a job well done. We 

had raised $ 95 for the Anti-Cancer Foundation. 

conclusion: 

It is ve r y notable that all of the children in my class showe d 

ma rked development i n read i ng a nd ma t h s a bility. One g i r l in 

part icular real ly demonstrated t he s uc c e ss of t he programme. 

Danielle upon enter i ng Year 2 was t he youngest in the c lass . 

She tende d to be a l i t t le i nsecure and lacked r ea l confidence 

in hel: abi lity t r succeed at very much at all. Read ing and 
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written language was a chore which she barely put up with; her 

maths was unremarkable but reasonably sound and socially she 

was accepted on the outer fringe of the group with nothing 

much to contribute. Over the year I watched this little girl 

blossom. She became a risk-taker and her development in rea

ding and written work improved and whilst not outstandingly 

brilliant she displayed a more positive attitude to this side 

of her work. with improved skill her self confidence and 

independence soared sky-high. She was able to apply the new 

skills she learnt over the year. I watched, delighted, one day 

near the end of the year, as she showed other children how she 

had solved the problem of plastic lid wheels falling off of 

the wooden meat skewer axles. She was flushed with success 

because other children needed to ask her to help them. 

All the children displayed an active involvement and positive 

attitude to their learning. They had become confident in their 

own ability, risk takers who were willing to experiment, 

explore and share their problems and successes with others. I 

believe totally that we need to encourage children to use 

their thinking abilities in a creative, productive manner to 

fit them for their life ahead. This approach does that. It 

gives children the opportunity to realise that everyone has 

problems and everyone has the ability to solve their problems 

in various ways - whatever the problem may be. 

APPENDICES 

Skill Development Checklist 

This was used when reporting and supplying feedback to pa

rents. It was a good exercise for the teacher to stop and 

observe the children, and in some cases a hidden weakness or a 

hidden strength was detected. 

Samples of term overviews 

The result of brainstorming during pre-planning, which were 

used as a guide to day by day programming. 
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SKILL DEVELOPMENT CHECKLIST 

NAME .............. . 

LANGUAGE SKILLS 

ORAL 
vocab 
clarity 
confidence 

WRITTEN 
sentence structure 
sequence 
punctuation 
imagination 

spelling 

reading 
fluency 
word recognition 
comprehension 

listening 

SOCIAL SKILLS 

co-operation 
with peers 

. with adults 

takes turns (shares) 

att itude to others 

contributes well in 
group work 

WORK HABITS 

independence 

concentration 

responsib' ~ for 
own learn ing 

HATHS SKILLS 

Number 
patterning 
+ - x 
grouping 
odds/evens 
interval counting 
understanding new 
concepts 

MEASUREMENT 
length (cms) 
terms 
using area grids 
time 
money 
capacity 
weight 

SPATIAL 
shape- plane 

3D 
using compasses 

radius 
diameter 

using rulers 
understanding of 
terms 

PROBLEM SOLVING 
SKILLS 

logical reasoning 

creativity/ 
originality 

adaptability 

stay i ng on task 

. risk taking 

RESEARCH SKILLS 

using library 

. find out information 

pick out important 
points 

sorting information 

presentation of 
information 

general resources 
pictures 
people 
other 

PHYSICAL SKILLS 

gross motor 

hand-eye co-ordination 
balance 
skill with various 
apparatus 
confidence 

fine motor 

hand-writing 
· lettering 
· numbering 

construction 
· manipulation 

us ing equipment 
scissors 

· staplers 
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MISSION 21: A NEW APPROACH TO TEACHING TECHNOLOGY 
EDUCATION IN THE PRIMARY SCHOOL 

Prof.dr. W.E. Dugger, Jr., Virginia Tech 
USA 

Introduction 

In 1985 the National Aeronautics & Space Administration (NASA) 

recognized the need to take a proactive role in promoting 

technological literacy in America's schools. Part of their 5-

year plan was to include more activities at the elementary 

school level and also to work more closely with teacher educa

tion programs through the NASA graduate research program in 

the united states. As a part of this effort, NASA awarded a 

training grant to the Technology Education Program at Virginia 

Polytechnic Institute & state University (Virginia Tech) to 

develop elementary school technology education programs for 

the United States. Since its inception, the grant has provided 

funds for developing the curriculum material for grades 5 & 6 

(ages 10 & 11), grades 3 & 4 (ages 8 & 9) and finally at 

grades 1 & 2 (ages 6 & 7). The project has been co-directed by 

Drs. James E. LaPorte and Will iam E. Dugger, Jr. and has 

involved graduate students including Sharon Brusic, Vaughn 

Croft, Duane Dunlap, John Wells, and James Barnes. The initial 

effort was to develop a rationale and structure for an inno

vative program to promote technological literacy at the ele

mentary school through a problem solving approach. In 1987 the 

teachers involved in the project adopted the project title for 

the program to be "Mission 21". 

In cooperation with over 50 elementary teachers in Virginia, 

the material was field tested over the past six years. This 

involved over 20 schools in the state of virginia which were 

chosen from urban, suburban and rural settings. 

The Mission 21 material helps elementary teachers develop the 

concept of technology education into the existing curriculum 

subjects at the elementary school level. Through these activi

ties, children develop an awareness of the technological world 

and explore the assets and liabilities of this dominant force 
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in our society. The teaching strategies and learning activi

ties promote an understanding of technological issues and 

trends and prepare students to deal with problems in the futu

re. 

Resource guides for teachers 

The first part of the research activities at Virginia Tech was 

to develop teacher resource guides for the curriculum materi

als. These resource guides were developed with sUbstantial 

input from classroom teachers after field testing the materi

als. There are three resource guides, one each for grades 5 & 

6, 3 & 4, and 1 & 2. These guides provide a rich resource to 

teachers teaching technology at the elementary level. 

Included as part of the resource guide are such topics as: 

Why should children study about technology? 

How does this program contribute to the elementary school 

curriculum? 

Mission 21 at work 

A definition of key terms 

How is technology different from science? 

What is the purpose of the resource guide? 

What are the goals of the Mission 21 program? 

What are the basic components of the Mission 21 program? 

How to use this guide 

There is also a very extensive resource list thay will help 

the teacher gain additional materials. Also included in the 

resource guide are the thematic approaches to teaching techno

logy education at the elementary school level. These themes 

are as follows: 

Grades 5 & 6: Invention, Communication, Energy & Matter, 

Space Colonization 

Grades 3 & 4: Relationships, Machines, Discovery, Commu

nity 

Grades 1 & 2: Transportation, Explore, Design, Space 

The program is designed to be very flexible and does not 

require any special equipment or materials. All activities can 

be done wi thin a typical elementary school classroom using 
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inexpensive or readily available material. The teachers can 

begin using materials with minimum inservice or even indepen

dently. 

The themes were chosen to fit easily into the present elemen

tary or primary school curriculum. Teachers are encouraged to 

find different ways to use these materials as part of the 

existing subjects in the elementary or primary school program. 

Problem solving Activities in Mission 21 

Each grade level has its own problem solving model which can 

be used by the student in providing solutions to problems 

which are posed. The models vary in detail according to the 

grade level of the materials. These problem solving models are 

presented in a cartoon-like fashion so that the elementary 

school students can readily relate to the procedures that they 

will be following in solving a given problem. Also, all pro

blem solving activities in Mission 21 are presented to stu

dents in the form of a design brief. This requires that the 

student examine a given situation and act upon the problem or 

solution. Each design brief describes a situation which is 

usually hypothetical and requires a solution to a given pro

blem. These design briefs encourage the student to think 

creatively while using the problem solving process to find 

alternative solutions and make decisions about the best solu

tion to the technologial problem. 

Interdisciplinary Approach for Mission 21 

The Mission 21 materials integrate technology as a subject 

matter discipline within the other school subjects of language 

arts, science, social studies, mathematics, health & physical 

education, and art. An extensive interdisciplinary concepts 

and skills matrix is provided for the teacher so that he or 

she can fully integrate the design briefs with all phases of 

the curriculum at the elementary or primary school level, 

maximizing flexibility. 
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student Materials 

Each level includes four full-color thirty-two page student 

handbooks, each with its own theme. These themes are presented 

as text materials for the students at the elementary and 

primary school level to use to gain a further understanding of 

technology and its relationships to other school sUbjects. All 

lessons are presented at the proper reading level for the ages 

involved and they are designed to be the ideal supplemental 

material for the basic core of materials at the elementary 

and/or primary school level. Each topic within the student 

material is presented on a specially designed two-page spread 

which will intrigue and interest students in a variety of 

topics which are all related to the main topic and each pre

sents a unique concept or skill. 

Dissemination 

Delmar Publishers Inc. in Albany, New York has been selected 

as the third partner in this innovative program. They are 

publishing the materials for dissemination both within the 

United states as well as internationally. 

Summary 

Over the past six years, a new curr i culum effort has been 

undertaken to develop integrative and interdisciplinary mate

rials for grades 1 through 6 at the elementary and primary 

school level. This material has been developed at Virginia 

Tech on a grant from NASA. The Mission 21 program combines an 

active hands-on approach with a strong problem-solving compo

nent to provide technological literacy for all students. 

* This material was adapted from "Launching Technology Educa
tion in the Elementary Classrooms", The Technology Teacher, 
Dec. 1988, by Sharon Brusic, Duane D. Dunlap, William E. 
Dugger, Jr., and James E. LaPorte, and the Mission 21 brochure 
from Delmar Publishers, Inc. 
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ELEMENTARY SCHOOL TECHNOLOGY AND INDUSTRY 

Prof.dr. J.H. Raat, Technon-Foundation 
H. Siegers, CHN Leeuwarden 
the Netherlands 

SUMMARY 

When here we discuss 'elementary school technology educa
tion' we are thinking of the education of technology to 6 
- 12 year olds. 

Technology education at elementary schools is rather new, 
and so hardly discussed. 
When one enters an elementary-school classroom, the 
chance is small that one should be witness of a technolo
gy lesson: 
-the elementary school curriculum is overloaded; 
-the teachers feel uncomfortable to teach technology; 
-teaching technology asks some organization. 

But, all children by nature like to do technology! 

Elementary school technology should be attractive to 
girls. An example of how this can be done is given in 
'Techniek op de Basisschool' (Technology at the Primary 
School), a package of three videofilms and three brochu
res. 

When designing an elementary school curriculum special 
attention should be given to make technology attractive 
for girls and for boys. 

Technology should be taught as 'a problem-solving process 
which has as its goals the improvement of the quality of 
human life' (Page, 1988). 
Industry can be seen as the place where things are made 
with a good quality, things that work well, and also are 
payable. 
In technology lessons at elementary schools one should 
have some simpl~ examples of industrial labour, also 
working in a production line, and with specialized tasks. 
When teaching technology at Teacher Training Institutes 
one should explicitly pay attention to the links with 
industry. 
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ELEMENTARY SCHOOL TECHNOLOGY AND INDUSTRY 

1. Elementary school technology and its links with industry 

Here we like to discuss 'Elementary school technology educati

on and Industry', that is 'technology education at elementary 

schools' and its possible links with 'industry'. 

Now 'elementary school technology education' is rather new and 

so hardly discussed. Some elements in this technology educati

on still are in the phase of being developed. 

Therefore I like to spend some attention to technology educa

tion at elementary schools before I say something about links 

with 'Industry'. 

To make clear where I am talking about, thinking of elementary 

school education I am thinking of the education of about 6 to 

12 year olds. 

2. Not easy to see an elementary school technology lesson 

When one should enter a Dutch elementary-school classroom, the 

chance is small that one should be the witness of a technology 

lesson. I guess this is the situation in most countries. 

Why? 

Here I mention three reasons: 

-2.1 the elementary school curriculum is overloaded. 

Young children firstly should learn the basic skills like 

reading, writing, arithmatics, social skills; 
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-2.2 most teachers feel uncomfortable to teach technology. 

They have the idea they don't have enough knowledge and 

skills. 

Why did not they themselves learn enough about technology at 

the teacher training institute? 

The answer is: the curriculum at the training institute also 

is overloaded. And, perhaps some teacher trainers feel uncom

fortable to teach technology; 

-2.3 with paper and pen/pencil one can easily write, do some 

calculus, with simple books one can read. 

But in technology lessons one should make something, so one 

need materials. That asks some investment, even when it is 

small. And technology lessons ask some organization. 

3. But, all children like to do technology 

There is also something else. 

The heart of technology is to make something what can be used. 

As long as history is men and women always have been trying to 

make life easier. 

One can say that one of the characteristics of mankind is to 

change the world around in order to make life more comforta

ble. 

This way of being not only is essential for both men and 
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women, but also for both adults and children. 

All children like to make things that can be used. This means: 

all children by nature like to do technology. 

The place to develop this is the school, to begin with (Kin

dergarden and) the elementary school. 

While doing technology children at elementary schools also can 

learn other basic skills. 

Technology in elementary schools should be interdisciplinary. 

4. Elementary school technology should be attractive to girls 

Attitude research shows that already young (10 year olds) 

girls on the average have a less positive attitude towards 

technology than boys have (de Klerk Wolters, 1989). 

This can be seen as one of the main causes that at an elder 

age girls and (young) women on the average less than boys and 

(young) men choose technical studies and so careers in techno

logy. We all know that generally careers in technology now and 

in the coming years are offering good possibilities. 

So from the point of view of as well equal opportunities as 

well as a better functioning labour market and stimulans for 

the economy one of the aims of elementary school technology 

always should be to make technology especially attractive for 

girls. 

5. The elementary school technology curriculum 

Suppose one agrees the education of technology at elementary 

schools as being important. 

The question then is: 

-5.1.1 what is the curriculum of elementary school technology? 

To emphasis that technology at elementary schools should not 

be taught as an apart subject, but interdisciplinary one also 

can formulate the question as: 

-5.1.2 what are the 'technology' elements in the curriculum of 

elementary education? 

The answer cannot been given in this paper. Here I like to 

mention just this: 

-5.2 technology should be taught as 'a problem-solving process 
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which as its goals the improvement of the quality of human 

life' (Page, 1988); 

-5.3 technology at elementary schools mostly is linked with 

science. sometimes one even could talk of 'science and techno

logy' (or technology and science) instead of 'technology'; 

-5.4 when designing an elementary school technology curriculum 

special attention should be given to the organization of 

technology lessons, including also the materials; 

-5.5 technology at elementary schools should be attractive for 

girls and for boys. 

Here we like to mention the project 'Techniek op de Basis

school' (Technology at the Primary School). 

6. The package 'Techn iek op de Bas is school' 

In 1988 the Dutch Ministry of Education and Sciences liked to 

let make a video-film with the aim to promote equal oppor

tunities in elementary school technology. In 1986 and 1987 we 

had organized two national workshops on technology at elemen

tary schools with the name BASTEC-workshops (BAS-TEC, 'BASis

schoo l TEChnology'). So we were asked to join a small produc

tion group. 

As a result a teaching-learning packet 'Techniek op de Basis

school' (Technology at the Primary School) has been produced, 
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consisting of three video-films and three small books/ brochu-

res. 

The titles of films and brochures are: 

-6.1 'Anja, vlieg op' (Anja is the name of a 11 years old 

girl) with the double significance of 'Anja, go flying' and of 

'Anja, shut up'. The booklet belonging to it has the title: 

'Inleiding. Anja, vlieg op'. 

Anja dreams of being an air-pilot and then having a crash. Later she 
likes to become a pilot. 
At school she asks the teacher to explain how planes can fly. The 
teacher does not know the answer. He looks for information. Some days 
later he can give the explanation. 
At home Anj a is playing with a small scale model of a plane. She 
shows her brother the mechanisms of how that plane during a flight 
can be controlled from the ground. 
Next weekend her father gives a demonstration of the flying model. 
The teacher has come to watch. Talking with Anja's mother he wonders 
for what reason Anja should have to know how planes can fly. 'Anja, 
being a girl, does not have to know this.' 
The small plane does not get enough attention of Anja's father. 'Look 
out. It's going to fall down.' 
Anja's fast reaction prevents a crash. 

-6.2 'Techniek in vogelvlucht', id est 'Birds' view of techno

logy' with again a double meaning. It is how one as a flying 

bird from some al ti tude can look down at something, in this 

case technology; and also an overview of technology. The book 

with the film is 'Wat is techniek. Techniek in vogelvlucht'. 

We see a small plane making a flight near the harbour of Rotterdam 
and around the Delta-works. At the same time a small exposition is 
given of the five characteristics of technology, applied to the 
aviation and also to its history. 

-6.3 'Voorbeelden ter discussie' (Examples to be discussed) 

and the book 'Veertig ideeen voor lessen met techniek. Voor

beelden ter discussie' (Fourty ideas for lessons with techno

logy) . 

The film shows 7 classroom situations of lessons (with) technology. 
The examples are taken from lessons with divergent age-groups. The 
variety in the lessons ranks from 6 year olds who are asked to build 
a bridge to 12 year olds using a simple robot. 

In 'Techniek op de Basisschool' we mention factors to promote 

technology being attractive also for girls: 
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-the teacher himself or herself should know and recognize that 

technology is something of and for all people; 

-we should be aware that young girls on the average start 

technology lessons with a less positive attitude towards 

technology than boys; so especially girls should be involved 

into these lessons; 

-one should explain parents that technology also is something 

for girls; 

-the context and content of technology lessons by preference 

should be gender neutral; none or not many lessons with doll's 

prams and/or fast cars. 

The three films have been set on one videotape. The playing 

time of the three films are: 10, 17 and 26 minutes. 

The three books have a omvang of 52, 54 and 105 pages. 

The series 'Techniek op de Basisschool' has been made to be 

used at Teacher Training Institutes for pre- and for in-servi

ce training. 



- 419 -

In 1989 in The Netherlands we started the BASTEC-project. 

This is a three years project, in which 5, later on 7, and 

soon 10 Teacher Training Institutes co-operate to construct an 

elementary school technology curriculum, together with a 

parallel curriculum for the Training Institutes. 

:f§ 
/ I \ 

Jl 



- 420 -

7. Elementary school technology and Industry 

In technology one not only likes to make things that can be 

used, things that make life easier and more comfortable . 

One also likes to make things with a good quality, things that 

work well, and things that are payable. 

This is done in industry. 

In technology lessons in the classroom one should have some 

simple examples of industrial labour, also with working in a 

production line, and with specialized tasks. 

One also should pay attention to the service-industry as a new 

branch. 

When teaching technology at Teacher Training Institutes one 

should explicitly pay attention to the links with industry. 

~~llll\\( 

i~ 
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The illustrations are taken from 'Techniek op de Basisschool'. 
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TECHNOLOGY CENTRE FOR PRIMARY EDUCATION "AEOLUS" AT SEXBIERUH 

- Is an initiative of the Faculty of Education and the Faculty of 
Applied Leisure Studies of the CHN, Christian Institute of Higher 
Education in the Northern Netherlands, central location in the 
city of Leeuwarden, in the Province of Friesland, and field loca
tions in Groningen, Emmen and Sneek. 

- The CHN was one of the main initiators of the BASTEC-project 
that started in 1986. 
Aim of the project is: to integrate technology education in a 
proper manner into the curriculum of primary education. 

- From the start the CHN wanted to play a leading role in the 
development of the Bastec-project. This has partly succeeded. 
The development of the project within the CHN itself was some
what behind schedule due to a range of different influences, of 
which the lack of a suitable site for a well set up technology 
laboratory/classroolll was the most important. 

- The Faculty of Education has teaching sites at four localities 
in the northern provinces at quite a distance from each other . 
Where do you situate the technology laboratory? Should you build 
lIlore than one? Who can start these centres? Are they just there 
for internal use? How do you fund them? Etc etc. 
All these questions delayed the realization of what we wanted. 
One of the major problems for all concerned was the lack of a 
suitable accommodation. 

In the first part of the year 1990 a change occurred. 

Nearly at midnight, during a very busy period of exams, the dean 
of the Faculty of Education, drs.J.Apperloo, rang me with the 
following question: 

"We can hire a large part of the glass pyramid Aeolus. Can 
you, together with two colleagues, explore the possibilities 
of realizing a combination of a technological accollllllodation 
and a tourist attaction?" 

I didn-t really want to do that: what a strange combination . 
Rather far away and how could I find the tillle? 
At long last mr. Jan Apperloo succeeded to convince lIle and within 
one month we had, for the larger part after hours, the three of 
us working in a sort of attic location, had explored the content, 
the organization, the possible market and put that down in a 
research paper. A real pioneering effort. 
The plan was to install four separate laboratories with differing 
educational technological functions. Besides they would be 
useable for the interested tourist. 
Conclusion: IT IS FEASIBLE BUT WE HAVE TO WORK OUT FURTHER THE 
GENERAL CONCEPTS. 

The central board of the CHN accepted our proposals and we did a 
further study, orientated ourselves in the rest of the country 
and abroad, elaborated the material content, made a solid 
estimation of the financial consequences, developed a 
participation structure and so on. 

December 1990 the second report was ready. 
A much broadened accurate plan with two important changes 
compared to the first report. 
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1. The project-AEOLUS must be expanded to be strong enough. 
Beside the four original laboratories: lab 1 and lab 2, the 
technopark and the computer/audio-visual lab, we need a suitable 
lecuring facility, a small technology museum, a shop, a restau 
rant and sleeping facilities. 
2. A heavy investment in finance ans manpower is necessary. And 
we have to find a way of solving the exploitation deficit in the 
long run. 

In an open discussion the central board of the CHN agreed with 
the further proposals. 

It is, I think, time to present to you the content of the 
technology-project. 
It is centred around three important issues~ 
- Firstly the Qrogram-content that was the final result of the 
educational/didactical philosophy we developed (partly as a 
result of shopping around). 
- Secondly the suitable accommodation to run the program. 
- Thirdly the centre has to have a high degree of flexiblity in 
the installations, so that all target-groups can find something 
that really interests them (students in teacher training, primary 
school pupils, secondary school pupils, primary school teachers, 
tourists and so on). 

The philosophy is directed at atttude affirmation or change of 
attitude, that can be worded in the remark that all visitors of 
the centre ought to make after their visit there: 

" Science/technology/technical things are plain fun, very 
useful and worthwhile to eventually make your career in that 
field" . 

The translation of that philosophy into a program-structure for 
primary school pupils we found matter-of-factly: 
1. Introduction in the discovery of physical phenomena that are 
the basis for a technical reality. 
2. The transition of a physical phenomenon into a technogical ~ 
perimental set-up that allows the phenomenon to work for us. 
3. To transpose the experiment into a real, make-it-youself and 
take home, little for mankind useful product. 
Thus: scientific principle(s) + materials + information + energy= 
a product. 
4. The application in real-life-size. as far as we can place them 
inside the Technopark. 
5. Non-placeable, still larger or to costly machines we shall 
show through the use of colour slides/ film/ video. 
That is why we want to build up a media-collection with a large 
number of tehcnological-industrial films and suitable other 
productions. 
An example of the theme-day: "Energy and forces" is the hoist or 
pUlley-block. 

Introdllction: show a video/ short introductory speech. 
Practical work: lift an object by hand 

lift an object with a piece of rope 
lift an object on a piece of rope around a 
pulley-block by hanging onto it yourself. 
Several hoists on experiment table with 
spring-weighbeams on both ends: the shortco
ming is that you do measure it but you 
practically do not feel it. 
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Practical work in the Technooark: 
Use real hoists: with 3, 4 or 5 wheels. 
"Weston-hoist" with chain. 
Electrical hoist and so on. 
To hoist each other and the displacement of a 
heavy object. 

"Hands-on-afternoon" in the experimental lab: Let them make 
their own hoist with the help of: rope, 
axles, wheels and so o n, for inside or 
outside. 

Yideo/filmroom : Show a industrial film by Heeroma Offshore: 
A hoisting platform at work in the North Sea. 

We clearly do not decide to use juist one method, for example the 
"creative-problem-solving", but have decided to use a combination 
of different methods . Own initiative working and programmed 
instruction methods will play a role. We shall however 
concentrate on active, productive working methods: 

HANDS-ON-LEARNING 

For the pupils of primary schools we have the choice of a number 
of thematic day-programs . 
For instance: COMMUNICATION 

BUILDING/CONSTRUCTING 
TRANSPORT/LOGISTICS 
ENERGY AND FORCES 

The program for our students exists out of a week-program 
introduction of technology in the second year of their studies, a 
practical week halfway third year and the possibility to 
specialize in technology education in their final year . 

A lot more can be told about the programs we want to 
logistics of primary school pupils, the organizing of 
cal events and the special touristic activities. But 
is not the place for that. 

offer, the 
technologi
I think now 

I would rather show you some slides of the now still partly empty 
building of AEOLUS . 
iN ALL ABOUT TEN SLIDES. 

The basis of such a project, a rather big one in terms of the 
CHN, has to be broad and strong. 
We are busy to make the project stronger by bringing in as 
participants primary edeucation, lower and intermediate technical 
vocational institutes, higher education , local, provincial and 
central government , industry and trade unions . 
To master the size and complexity of such a broad basis is for us 
a primary concern. 

The necessary funding can be found also as far as we can see now 
for the longer term. 

The technological centre AEOLUS shall have a lasting stimulating 
fun c tion and a function to develop new initiatives for primary 
and secondary education and the development of tourism in the 
northern parts of the Netherlands. 
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Technology has a large Impact on our cultural. social. economical an political life. so in 
fact on our whole life. 
In most countries there is a growing interest in and attention for technology as an essential 
element in general education . 
Pupils and students in primary and in secondary schools should learn about technology. 

In the international PATT (Pupils' Attitude Towards Technology) project we have organised 
several international conferences to discuss research and developments in technology education. 

Technology is closely related to industry. 
New technolog ies genera te new industries, which leads to important changes in the labour 
market. 
The PAD-5conference was a imed at d iscussing 
Technology Education and Industry. 

There were f ive subthemes: 
- technology education, industry and labour market, 
- research in technology educat ion and industry, 
- technology education and attracting women for technological professions in industry, 
- technology teacher education and industry, 
- primary school technology and industry. 

The PAD-5 conference report, including summaries of each theme and outcomes of the 
discussions is given in Volume 1 'Report'. Volume 2 'Contributions' contains all contributions to 
the conference. 

PAD showed to be the platform that really has brought together people from allover the world: 
America (Canada, Mexico, Surinam, Trinidad & Tobago, USA), Australia , African countries, Asia 
(PR China, India), Eastern en Western Europe. 
This has given PATT the special character of 'the International Technology Education 
Forum'. 

Information about ongoing PAD research and other developments in Technology Education are 
published in PAD's newsletter TECH-ED-NEWS (techno logy Education Newsletter). 

The PAD-6 conference will be held in Eindhoven , the Netherlands, March 25-30, 1993 with the 
theme Technology Education and the Environment. 
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