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Technology Education in the 21st Century

PATT 26 will be held at the Royal Institute of Technology (KTH) in Stockholm, the beauti-
tul capital of Sweden. The PATT 26 conference is part of a two-conference arrangement
organized by the Royal Institute of Technology and the Centre for School Technology Edu-
cation, CETIS, Linkdping University, under the common heading Technology Education in
the 21st Century. We hereby welcome international colleagues to this golden opportunity
to share and learn more about the latest on-going and completed research in the field of
technology education research, spanning from early years through to upper secondary edu-
cation and teacher education.

The overarching theme for PATT 26 is Technology Education in the 21st Century. The
papers in this peer-reviewed conference book all reflect this broad theme, but they also
relate to a variety of key areas in school technology education. Research topics include,
for example, aspects of learning, teaching, and assessing; pupils’ attitudes; global issues
such as sustainability, ethics, values and culture; interdisciplinarity; Science, Technology,
Engineering & Mathematics (STEM); links with creative and performing arts; links with
arts and social sciences; links with languages; the impact of technological developments
on learning, teaching and assessing in technology education; the potential of a design ap-
proach; technological artefacts and systems; food technology; historical, sociological and
philosophical perspectives on technology education. Together all these areas form a wide
spectrum of research of relevance for technology education in the 21st century.

Thomas Ginner, Jonas Hallstrom & Magnus Hultén,
editors and organisers

June 2012



PATT
Pupils’ Attitude Towards Technology

The PATT conference started back in 1985 when a small-scale workshop on attitude re-
search for technology education was held. This led to a series of international conferences
that still continues. In that year colleagues from a variety of countries came together to
discuss the possibilities for exploring the attitudes of young people toward technology, us-
ing an instrument that had been developed in the Netherlands (we still use this instrument
today all over the world). The format of the first PATT conference provided ample oppor-
tunity for discussion and this is a feature that still characterizes PATT conferences today.
Over the years the scope and the issues for discussion have been extended and all aspects
of technology education can now be found on the agenda.
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Artifacts for all and for each, boys
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some precaution for the 21 century
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Abstract
For a long time, we have known that only a small part of female students chose technical or industri-
al carriers. Studies about this question have mainly focused on socio-cultural factors. The specific aspects
about academic content remain less studied. We know nothing or very little about the issue of masculinity
or femininity underlying knowledge and about material artifact used in teaching technology.

This contribution shows the content evolution of schoolbooks used in technology education and more
precisely the neutrality or not of the artifacts that illustrate schoolbooks.

Introduction

Technology education in France is compulsory for all the pupils from 3 to 15 years age. At elemen-
tary level (3-u years) scientific and technological education are associated. Later (for 12-15 years old)
technology education becomes a discipline per se. For these two school levels, technology is de-
fined by national curriculums, which specify for each cycle and each level: objectives, competences,
contents and the suitable teaching approach. The programs are renovated every ten years accord-
ing to the educational policy and the social evolutions (new knowledge, discoveries, and evolutions
of the references and contents of employments).

In spite of this framework, the sectors and the trades scientific and technological remain de-
serted by the girls since decades (Robine, 2006; Rosenwald, 2006; Wach, 1992). Many sociological
studies showed how the socio-cultural stereotypes reinforce the differences between girls and boys
(Mosconi, 1994; Baudelot & Mossuz-Laveau, 2004; Marry, 2004; Duru-Bellat, 2005.).The social
norms are built through the activity of the pupils in the process of differentiation from a socio-cul-
tural point of view or socio-professional and socio-economic point of view. Is it possible to identify
factors likely to generate or attenuate differentiations in technology?

In GESTEPRO team, several researchers have been interested for many years by the role of
technical artifacts in the construction of properties of the physic environment and by their effect
on the pupils’ learning according to whether they are girls or boys (Andreucci, Brandt Pomares,
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Chatoney & Ginestié, 2009; Chatoney & Andreucci, 2009; Ginestié, 2005; Roustan-Jalin, Ben
Mim, Dupin, 2002). Does the school reinforce the differentiation between girls and boys? If so,
which kind of mechanisms are implicated? For example, does the choice of artifacts which support
study in technology education contributes to strengthen the feeling among girls that technology is
best suited for boys? In sciences and particularly in biology, we know that the content of textbooks
are gendered (Caravita & Al, 2008; Castéras & Al, 2008,). In technology only one book has been
designed to answer to questions of gender in the classroom (Sadker, D., Silber, E. S. 2007). In
our article the question of gender is studied from the point of view of the artifacts which illustrate
the schoolbooks. These artifacts are they no gendered or representative of each gender? A large
number of technical objects are used to illustrate the content of the school handbooks. These arti-
facts are presented alone or in situation of use. The contents of these books change with each new
program. Are these evolutions in line with a better balance between objects seen as feminine and
those considered masculine? This paper presents two empirical studies involving college (middle
school pupils) to inform these issues.

2. Characteristics of the studied schoolbooks

The study carries on four schoolbooks of technology all four published by the same editor (Dela-
grave). All these four schoolbooks are addressed to pupils of 11-12 years These 2 factors are con-
stant and not responsible of any observed differences. The number of pages of these four books is
also the same, except for the last of them which contains a higher number of pages. By contrast,
the manipulated variable refers on the date of publication of these various books as indicated in
the table below.

Year of publishing Titles Authors Nb of pages
1986 Technology with the college level 1 Biancotto A & Boye P. 127
1996 Technology 6° Pawl J, Gaigher G. 127
2000 Tools and concepts - Technology Pawl J, Gaigher G. 127
2005 Eureka technology! - Technology 6° Pawl J & Al 159

These various dates correspond to successive stages of the history of technology education which
marks the evolution of its knowledge content. Thus, in 1986 technology “takes its first steps” in
the sense where the discipline has just been introduced under this name into the programs where
it replaces the EMT (manual and technical education). Ten years later, in 1996, the program is
modified. It breaks up from now on into four distinct parts: working of materials, electronic con-
struction, marketing of a product and textual information processing l. In 2005 the whole of the
program of the 1-12 years is reorganized with a focus on the thematic of transport, three activities
(design, production, communication) and two central 2 concepts (materials, energy).

3. Procedure of examination and categorization of the artifacts which illustrates
technological education in four schoolbooks

3.1 The repertory of technical objects present in the schoolbooks

For each one of these books we carried out an exhaustive inventory of the technical objects being
used as illustrations (figurative photographs and drawings). For each handbook a list of all distinct
objects was made with their respective occurrence (many times where each object is represented).
The results of this first census (table 1) show that the first published schoolbook of technology (in
1986 ie only one year after the implementation of the discipline) was very poor in illustrations: only
32 distinct objects were present in this schoolbook including three artifacts with an occurrence
higher than the others: the electronic component (6 times), the computer (5 times) the multi-
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meter (5 times). The two following schoolbooks (editions of 1996 and 2000) are, at first sight,
rather quantitatively and qualitatively similar in terms of illustrations: the objects most frequently
represented are the computer (8 times on both sides) and the electronic component (5 times and 8
times). Finally, it is noted that the most recent handbook (edition of 2005) contains a less number
of artifacts and that the thematic of transport is dominant here (19 times the bicycle, 14 times the
boat, 12 times the car).

Number of illustrations Number of distinct artefacts

Schoolbook 1 55 32
Schoolbook 2 202 120
Schoolbook 3 180 109
Schoolbook 4 164 75

Table 1 — Quantity of illustrations and of objects represented in the various schoolbooks

After elimination of the doubled blooms inside these four repertoires, there are 167 distinct objects
which were finally indexed within the examined schoolbooks.

3.2 Categorization of the artifacts by the pupils

o Problems
Obviously, the use of certain objects is preferentially reserved to the women (for example all uten-
sils of make-up) while others (for example utensils of fishing) are primarily intended to the men.
However this criterion of the use (or the frequency of the relationship of men and women with
such or such object) remains most of the time ambiguous. For example, the car does not have a
raison to be gendered taking into account the fact that there are as many drivers of the two sexes.
On the other hand, if one looks at the car from the point of view of the sex of the people which
conceives it, repairs it, or which reads the specialized car magazines, the relationship with the cars
appears wider among men than among women. So, it is difficult to carry out a categorization “a
priori” of the artifacts. Furthermore, let us note that contrary to English, in French the name of the
objects is itself gendered. Some names are masculine (example: a bicycle, a settee...) and others are
feminine (a pan, a dress...). However that does not suppose anything on the kind of their users as
testify other examples: a crane, an excavator, a nail varnish, a hair-curler, etc.

On this question, it should anyway take into account the point of view of students as they are
the main users of textbooks. So, to clarify how pupils conceive the gendered character of artifacts
presented in the schoolbooks of technology, we made a preliminary study.

o Method

98 pupils took part in this study on categorization of artifacts. This sample includes twenty 12 years
old boys and twenty boys of 14 years old and twenty-nine girls of each age level. The sample is thus
composed of four independent groups of pupils. The task submitted to the pupils (see question-
naire in appendix) consists to indicate if the 167 artifacts (alphabetically listed) are more for boys,
or more for girls, or for both. More precisely, pupils received following instructions “For each quoted
object indicates, according to you, if it corresponds rather to an object for the girls (F), rather to an object
for the boys (G) or rather to an object as well for the girls as for the boys (F+ G)”. They must simply put
a cross in the ad hoc column (F, G or F+G). A last column (?) is reserved for the unknown objects
by pupils. Each pupil thus formulated 167 judgments whose analysis presented below.
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4. Data analysis and results

4.1 Distribution of boys’ and girls’ judgments at each age
The distribution of the various types of judgments inside the four groups (table 2) reveals several
significant differences:

Among boys, we observe that the number of artifacts considered as feminine increases with
age (174 to 12 years vs 305 to 14 years, khi 2 = 38.08 sign.oo1). And the same result applies to the
objects considered to be masculine: on 3340 answers 605 answers to 12 years compared with 812 to
14 years (Khi 2 = 37.69 sign. oo1). The boys thus become more and more discriminators or sensi-
tive to the fact that many technical artifacts are sexually marked.

Among girls, we note no significant evolution according to the age for objects considered to
be feminine (442 vs 475, Khi = 1.13, NS). On the other hand the number of objects considered as
masculine increases considerably between 12 years (626 answers out of 4843) and 14 years (994
answers, Khi =102.00, sign. oo1). The sensitivity of girls to the gendered character of the artifacts
increases also with age, but in a selective way. For them, the artifacts for boys are increasingly nu-
merous whereas the number of apprehended artifacts as feminine remains stable.

Girls Boys
Objects for: 12 years 14 years 12 years 14 years
(N=29) (N=29) (N=20) (N=20)
Girls 442 475 174 305
Boys 625 994 605 812
Two sexes 3220 2826 2188 1944
| do not know the object 541 547 365 274
non-responses 15 11 8 5
Total answers 4843 4843 3340 3340

Table 2 - Distribution of the various types of judgments inside the four groups

This stability can be explained by another important difference between girls and boys at 12 years.
Indeed, at this age girls are definitely more numerous (442 answers) that boys (174 answers) to
allot to the objects a female connotation. This difference (Khi 2 = 103.8 sign.oou) is very clear.
We note that at 12 years on average, more than 15 objects are considered to be female by the girls
against less than g objects among boys. At 14 years, this variation is definitely less important (475
vs 305 answers) and no significant (Khi 2 = 1.04 NS). Does the opposite tendency exist for the ob-
jects considered as masculine? The answer is yes. At 12 years, the objects are more often regarded
as masculine by the boys that by the girls (khi 2 = 41.98, sign. oo1). Thus, at this age, the girls judge
on average 21.5 objects of the list like masculine against more than 30 objects on average among
boys. This tendency persists at 14 years: there are more answers in favor of the masculinity of the
objects among boys than girls (Khi 2 =16.48 sign. oo1). Furthermore, there is a reinforcement of
this phenomenon with age: 34 objects of the list on average at the girls and a little 40 among boys.

However, the majority of the objects remaining considered to be neutral. With the age their
number regresses for the girls (khi 2 = 68.32, sign.oo1) as among boys (Khi 2 = 37.77 sign.oo1). But
at each age, girls and boys estimate in the same proportion the neutral objects.

Lastly, we note that the objects unknown by pupils are very numerous, proof of the didactic
interest of their presence in the schoolbooks. Between 12 and 14 years the number of unknown
objects by the girls, remains constant. At 12 years, this number is equivalent for boys and girls. But
at 14 years unknown objects are fewer among boys than for girls. So, the girls’ acculturation of the
artifacts represented in schoolbooks would be also less large.
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The non-responses are in very restricted number, showing that students responded to the survey
with a great care.

4.2 Categorization of the objects by family
Certain objects produce a strong consensus (C++: higher than 75%) and others a consensus less
marked (C+-: between 50 and 74%). We find only 62 C++ considered to be “mixed” (i.e. not gen-
dered) among the 167 objects subjected to categorization, no object C++ categorized masculine,
and only one object C++ categorized feminine (it is the “pair of boots” that pupils represent them-
selves spontaneously as boots of city and not as professional safety boots). For the objects C+ -, we
find 48 artifacts mixed, 17 masculine and 3 female.

For a better legibility, in the following, data are gathered under eight great thematic categories™:
tools and instruments, ITC, transport, electric objects, gears and machines, food, utensils, habitat,
plus a category various. We will focus primarily on gendered objects into these various categories

o Tools and instruments

It is found that among the 36 items grouped in this family (see graph 1), many are considered predomi-
nantly as “for men” : shear, end wrench, swiss army knife, anvil, ladder, soldering iron, hatchet, hammer,
unsoldering pump, ... . Only two artifacts are judged as more feminine than masculine: balance and
tape-measure.
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Graph 1: Tools and instruments family

e ITC

The gendered character of ITC objects is less obvious: the majority of gendered responses involve
less than 15% of judgments (cf graph 2). ICT objects are mostly considered non-gendered. Only two
objects give a difference: The hard drive and the central processing unit are significantly seen to
be more masculine.

1 This classification is not entirely relevant because the categories are not exclusive
of one another, but it actually helps to organize the presentation of results.
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Graph 2: ITC family

o Transport
Among the 25 artifacts of this family, 16 are considered non-gendered: car, plane, boat, bus, motorcycle

helmet, brake, montgolfier, flagship bike, dash board, tram, child’s scooter, train, tram, bicycle,
sailing ship, steering wheel. However, it appears clearly (see graph 3) that as a whole, transport
systems are systematically estimated nearer to the boys than of the girls.
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Graph 3: Objects of Transport family
o Electric

Among the 16 objects grouped here only 7 are massively seen as mixed : electric light, case of
batteries, hight speaker, switch, torch, battery, signal lamp. One of them is largely unknown (the
offset film). As previously all the others are estimated more for men than for female but in a less

proportion.
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Graph 4: Electric family

o Gears and Machines

On the 15 objects of this family (see graph 5) four are primarily considered to be mixed: typewriter,
videotapes, table to be traced and television. Six are massively judged as masculine: crane, motor,
drilling machine, truck, excavator and tractor. The others are less discriminating.
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Graph 5: Machine family

e Food
Mixed character of food objects gives a strong consensus. But pupils think that girls are more con-

cerned with the chocolate and eggs boxes and boys by frozen meals, and beverage cans.
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Graph 6: Food family

o Utensil

In our list, most utensils are seen as non gendered (see graph 7). However, children think that
two of them are typically feminine: cake pan and tablecloth, and in a less proportion the pan
(47%). The only utensil to be considered more male than female is the tin (31%).
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Graph 7: Utensils family

o Habitat

All the objects of this family are mainly mixed (see graph 8). Tree objects are classified like defi-
nitely more female than male: the catalog (52% female against 3% masculine), the vacuum cleaner
(43% female against 4% masculine) and the clothes hanger (26% female against 8% masculine).
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In this category, six objects relate to the clothes and professional protections. All of them are large-
ly seen as mixed except for the pair of boots (76% for the girls)2. 8 objects belong to the field of
the sport and the leisures. 3 of them (balloon, range servant boy and joystick are considered to be
more male than female significantly. The others are isolated. We note that among them that the
newspaper is rather male (28% against 2%) contrary to the rather female book (20% against 3%).

Graph &8: Habitat

The purchase order is significantly marked female (35% cutter 6%).
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2 This result shows the limitations of our study. Indeed it indicates that for students that name evokes city shoes instead
of work shoes. But it is a bias in the presentation of objects. The name is often more ambiguous than the image.
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5. Temporal evolution of the artifacts represented in the school books
It is noted that only eight objects are co-present in the four successive handbooks (1986, 1996,
2000, 2005): tape-measure, computer, oscilloscope, drilling machine, bicycle, car, slide caliper.

Eight artifacts appear in the last three handbooks: bottle, circuit print, shear, scissors, vice, tire,
thermo forming machine, and screwdriver. Four are present in the two last years: house, shoes,
square, glass. Nine are present in 1996 and 2005 but absent in 2000: camera, boat, truck, wrench,
shifting track of bicycle, drill, high speaker, pawn, and stool.

Finally, 24 objects appear in 2005 for the first time: plane, balance, wind-breaker, bus, meter
of bicycle, driving belt, hang glider, gears, brake, toboggan, montgolfier, motor bike, paragliding,
pen, dashboard, child’s scooter, Eiffel Tower, tractor, train, tram, tri-car, trolley bus, steering wheel.
Thus, among them we have a majority of objects which relate to transport, which is coherent with
the introduction in 2005 of this topic of study into the curriculum for the 1-12 years. However, we
have observed that contrary to what one might have expected, artifacts related to transportation are
often seen as masculine. Introducing a specific thematic of knowledge therefore includes the risk
to enhance the girls’ lack of interest towards technology education.

This introduction of new supports of study goes hand in hand with the disappearance of others
artifacts. Among them are many objects related to the field of electronics and mechanics which oc-
cupied a dominating place of 1985 to 2005: electronic component, tin reel, soldering iron, milling
machine, plate of copper, battery, motor, punching machine. But we note also the disappearance of
many heteroclite objects which were charged to show to the pupils the nature and the extent of the
cultural dimension of technical environment.. Thus, the first handbooks , gave a broad impres-
sion of technology with representatives of many classes of artifacts : furniture (table to be eaten,
settee,) means of communication (television, newspaper), food products, tin box, beverage can,...)
domestic utensils (pan, tablecloth, basin, cake pan...), computer and calculation tools (cd-rom,
hard drive, computer) usual instruments (stapler, watch, torch,...), domestic equipments (vacuum
cleaner,...), gears (crane, excavator), toys (joystick, game boy, balloon...) and buildings (statue).

Thus, we see that a certain number of typically male objects disappear (crane, range servant
boy, balloon...). The same applies to rare items typically feminine (tablecloth, bathes, cake pan,
pan...). In this respect we can consider that the supports of study gain in neutrality in term of gen-
der. We hope that the diversity of the thematic studied at this level succeeds to compensate the loss
of variety and richness of study supports involved. This should be the case, at least in part because
themes of the habitat and the house automation are introduced just after this level.

Conclusion
Pupils appear sensitive to the gendered character of many technical artifacts and the handbooks of
technology refer well to a majority of artifacts perceived like more masculine than feminine. This
undoubtedly contributes to reinforce the feeling which the girls have that technology is more ap-
propriate for boys. In addition, we saw that between 12 and 14 years the number of objects regarded
as male gendered increases significantly for girls. So this makes our findings even more problematic.
These results should draw the attention of the curriculum designers and the editors of hand-
books. The concept of parity should also apply to this question. Indeed if it is difficult to refer only
to non gendered objects, it would be advisable to balance the number of objects male and female.
Moreover, teachers remain often free to choose their supports of study. So, they would gain with
being formed with this question of gender. It is obvious that a topic as that of the house automation
which is supposed to interest the girls loses on this level all its interest if it is focused on artifacts
such as the garage, the automatic gate rather than on the balneotherapy and the hotplates.
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Abstract

In knowledge based economies technological literacy is gaining interest. Technological literacy
correlates with the attitude towards technology, therefore, when measuring technological literacy
as an outcome of education, one should take the attitude towards technology into account. This
requires a valid, reliable instrument that should be as concise as possible, in order to use it in corre-
lation with other instruments. We therefore reconstructed the Pupils’ Attitude Towards Technology
(PATT) instrument. We validated and piloted this and used it in a large study.. This resulted in an
instrument with six subscales and 24 items of attitude towards technology that is easy to use and
evaluate. The six items are: Career Aspirations, Interest in Technology, Tediousness of Technology,
Positive Perception of Effects of Technology, Perception of Difficulty and Perception of Technology
as a Subject for Boys or for Boys and Girls.

Introduction

In western countries technology, defined as any modification of the natural world done to fulfill hu-
man needs or desires, is gaining interest as a subject in the school curricula. Different nations are
investing in the development of teaching programmes, research, and the establishing of platforms
for the promotion of technology. The American National Assessment Governing Board ,for exam-
ple, is making a framework for Technology and Engineering Literacy in 2014 (National Assessment
Governing Board, 201); in the Netherlands a platform for Beta-science is established aiming to
achieve a structural increase of 15 per cent more pupils and students in scientific and technical
education (Stichting Platform Beta Techniek). Although industries and policy makers think tech-
nology education is far more relevant these days than it was ever before, the public opinion about
studying technology and technical jobs is not very positive (Johansson, 2009). The Organisation
for Economic Cooperation and Development (OECD) reports on student interest in Science and
Technology Studies (OECD, 2008) states that, although absolute numbers of S&T students have
raised, the relative share of S&T students among the overall student population has increased. The
report shows that encouraging interest in S&T studies requires action to improve the image and
knowledge of S&T careers. A report ordered by the department of education of the Flemish minis-
try (2000) points this out as follows: the image of technological studies and professions is rather
low, which seems to be in contrast with the enthusiasm young people have for new technologies.
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The image is strengthened by some prejudices like: ‘the working conditions in industrial environ-
ments are not interesting, boring, they are hard and dirty labour, moderate payment, bad working
hours.” More general people think science and technology are hard and boring to study. Technology
is also often associated with danger. These are widely spread ideas about technology and the public
opinion. How interested young people really are in technology and how this interest evolves dur-
ing their school career has not yet been examined in the Flemish context. To be able to do this on a
large scale we need an instrument to measure pupils’ attitude towards technology with a manage-
able number of questions. In this paper we will clarify the revalidation of such a survey instrument.
First a theoretical base will be described, followed by the methodology used in the research. Finally
results of the study will be written down in a concluding chapter.

Theoretical base

Attitudes towards technology

It could be assumed that if students have a tendency to act positively toward a subject, for example
technology, they will have more interest in that subject (Krathwohl, Bloom, & Bertram, 1964). Thus
students exhibiting a positive attitude towards technology would be more likely to attain techno-
logical literacy through technology education (Bame, Dugger, de Vries & McBee, 1993). Therefore,
a good interpretation of students’ attitude toward technology is important. Attitude is a broad con-
cept with different interpretations and definitions. For this research we use the concept ‘attitude’
as defined by Eagly and Chaiken (Eagly & Chaiken, 1993) “Attitudes are psychological tendencies
that are expressed by evaluating a particular entity with some degree of (dis)favour”, which is com-
monly regarded as the most conventional definition (Albarracin, Zanna, Johnson, & Kumbkala,
2005). This is in line with the view of The Committee on Assessing Technological Literacy from
the National Academies on attitudes (Garmire & Pearson, 20006). Attitude towards technology is
explicitly conceptualized not to contain a cognitive dimension. What a person knows about a —tech-
nological - subject can however be correlated with his attitude towards that subject. Hereby a per-
son’s attitude can provide a context for interpreting the results of an assessment on technological
knowledge as an outcome variable for educational effectiveness.

How do we measure attitudes?

A review study on attitudes towards science (Osborne, Simon, & Collins, 2003) notes that such
attitudes — towards science — do not consist of a single unitary construct, but rather of a large
number of sub-constructs all contributing in varying proportions towards an individual’s attitudes
towards science (e.g. anxiety; value; motivation; enjoyment; achievement; fear of failure...). Hence,
producing a unitary score on attitude is useless. The best that can be done is to ensure that the
components are valid and reliable measures of the constructs they purport to measure and look
for the significance of each of these aspects. A good instrument needs to be internally consistent
and unidimensional (Gardner, 1995). Internal consistency is often expressed with Cronbach’s al-
pha. Commonly, attitudes have been measured through the use of questionnaires that consist of
Likert-scale items where students are asked to respond to a number of statements. Despite the fact
that these scales have been widely used and extensively tried in the domain of science education
(Osborne et al, 2003) only few instruments have been made for measuring attitude in the domain
of technology as defined above.

The PATT instrument

A number of instruments have been made for measuring an attitude in the field of technology
(Garmire & Pearson, 2000). Considering the fact that we investigate students of age of 12 to 14, one
instrument can be retained: the Pupils’ Attitudes Towards Technology instrument (PATT) (Bame
et al, 1993), consisting 58 statements on a five-point Likert scale. Since 1984 researchers have been
assessing students’ attitudes toward technology by using the PATT instrument. This instrument
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was first conducted in the Netherlands and is the first instrument specifically made for this pur-
pose. Results in the Netherlands were so striking that an international extension of the research
was the logical next step. In 1987 twelve countries decided to start using the PATT instrument or a
part of it. A work conference was put together in the Netherlands to initiate the collaboration (Raat,
Coenen-van den Bergh, de Klerk Wolters, & de Vries, 1988). Participants came from all over the
world (e.g. India, Nigeria, Mexico, Australia but also West-European countries like France, UK and
Belgium). In this report, due to the fact that not all participating researchers had the opportunity
or knowledge to use statistical programmes (e.g. SPSS), the suggestion is made to create a shorter
instrument. The idea was to investigate the possibilities of using a ‘subset of scales’ with maximum
5 items for each scale. Such an instrument yields many advantages (easier to apply, less time con-
suming, teachers can use it in the classroom). But the major objection of the participants was that
a high reliability is required. Ever since there has been no reported research concerning a possible
reduction of the PATT.

Research questions

In the West-European and, more specifically, in the Flemish context research in the field of tech-
nological literacy is rare but necessary, as is indicated by the Flemish ministry of education. It is
important to be able to measure attitude towards technology. The absence of a concise but powerful
instrument to measure this leads us to the following research questions:

« Is the PATT instrument suitable for the Flemish context?
« Can we adapt and reduce the PATT instrument and still retain validity and reliability?

Methodology

Principal components of the test

In order to be able to answer these questions we needed an instrument that was validated in the
Flemish context. The most recent PATT survey contains questions (1-11) about demography of the
pupil. Items 12-69 are the affective components of attitudes towards technology and items 70-100
are about the concepts of technology. An open-ended question at the end asks for a description of
technology.

We will focus on the items concerning attitude towards technology. These 58 questions about
attitude are dividable in five scales. ‘“Technology is difficult’ and ‘Consequences of Technology’ con-
tain five items each. ‘“Technology as an activity for Both Boys and Girls’ and ‘Attitude Towards Tech-
nology’ each contain eight questions. ‘General interest in Technology’ contains sixteen questions
(Bame et al, 1993). This results in a total of 42 questions which are withdrawn from the original 58.

The validation of the instrument contains different steps. First there is the translation. ~ The
PATT-USA test items 12-69 had to be translated into Dutch. Because the original PATT question-
naire developed by de Vries (1988) was in Dutch, a good translation was available.

The second step was the pilot study (n=251). An explorative factor analysis (EFA) was conducted
on the data of this study. Although we had a clear idea of the different subscales it was interesting
to see how all 58 items corresponded. The scales composed by Bame (1993) contained only 42 of
the 58 items. Therefore we chose to analyse these results with an EFA with oblique rotation be-
cause this allowed us to undertake a data driven exploration taking into account the fact that latent
variables might correlate and could contain some unexplained variance. In a scree plot we looked
at the ‘elbow point’ (Pallant 2001). In interpreting the factor analyses we did not take loadings of
items between -.30 and .30 into account.

Based on the outcome of this EFA and substantive arguments, factors were defined and tested
on their reliability. Cronbach’s alpha on each factor and the remaining impact of each item was
taken into account to assure reliable scales with a reasonable number of items. To define a reliable
scale Cronbach’s alpha of .70 and higher are acceptable.
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In the third step the remaining items from the pilot study were used in the main study on a larger
group of students (n=3039). Allowing us to confirm our first analysis, this time a confirmative fac-
tor analysis (CFA) was used to confirm the measurement model. Goodness of fit indices helped us
find the most appropriate model. In the analysis the Comparative fit-index (CFI) and Root-Mean-
Square-Error-of-Approximation (RMSEA) will was taken into account. For the CFI a score >.95
indicates a good modelfit (Hu & Bentler, 1999) for RMSEA the maximum score is .05 for a good
modelfit between .05 and .08 is still acceptable (Hoyle, 1995).

Different models were compared with a Chi* test on the -2 LogLikelyhood differences and
Akaike’s Information Criteria (AIC) to determine the best fitting model. The test not only showed
the Chi? score for each model but the model’ significance (p<.o5).

Data collection

The pilot study was conducted with 251 pupils (11 Girls, 137 Boys , 3 missing) from first grade of
secondary education (12-14 years old) divided over first and second year in five different schools —
both rural and non-rural environment and public and non-public schools. All had to achieve the
same national goals for technology but had different curricula. Each school however had at least
two hours of technology a week.

In the main phase the slimmed version of the PATT test was conducted in 17 schools with a
total number of 3039 pupils. Students from the first and second year of secondary education were
represented. Students had different curricula (e.g. Latin, economy, social sciences, electricity,...).
This survey allowed us to confirm previous findings from the pilot and framed a fitting model for
this instrument.

Results

In our pilot study we used all 58 items (items 12-69) from the original questionnaire. An Ex-
plorative Factor analysis (EFA) was applied. We also performed a scree test and plotted the parallel
analysis (fig.1). The parallel analysis suggests a solution with five factors and the scree plot shows
an elbow point between the fifth and the sixth factor. Therefore an EFA with oblique rotation was
applied with a fixed number of five factors. The cumulative explaining variance of the five factors
was a satisfying 43% (table 1).
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Factor Factor 2 Factor 3 Factor * Factor 5

Eigenvalue 9.41 4.70 3.90 4.2 2.67
Proportion explained variance 0.16 0.08 0.07 0.07 0.05
Cumulative explained variance 0.16 0.24 0.31 0.38 0.43

Table 1: eigenvalues, explained variance per factor and cumulative explained
variance of the five factors after oblique rotation.

Analysing the standardized factor loading for each we learn that the results show great resem-
blance with the factors as defined by de Vries (1988). Table 2 shows all the items for the different
factors in our data.

Factor  Description High score indicates ltems
1 Interest in technology more interest 12,16, 17, 18, 23, 27, 28, 32, 34, 39, 45, 46,
50, 51, 52, 57,58, 62, 63, 69

2 Attitude towards more positive attitude 22, 28, 29, 33, 40, 46, 51, 57, 58, 60, 64, 65,
technology 68

3 Technology as an activity technology is for both 13, 19, 24, 30, 35, 41, 47, 53
for both girls and boys genders

4 Consequences of more positive 14, 20, 25, 27, 31, 38, 42, 56, 60, 66
technology consequences

5 Technology is difficult technology is more difficult 26, 43, 44, 49, 61, 67

Table2: items with a loading >.30 in the different factors

According to the number of items in the first factor ‘interest’ (20) and the theoretical background
of the test one can wonder whether this really is an unidimensional construct or whether it is an
artefact of conducting an EFA on the total number of 58 items. To test this new hypothesis we con-
duct a new EFA with only the items of the factor ‘interest’.

Results of the screeplot of the analysis (fig. 2) and the parallel test confirm the first analysis,
leading to the conclusion that these 20 items measure general interest.
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Fig.2: Scree plot Parallel factor analysis with 20 items from factor 1 ‘General interest’

Although the scree plot showed a unidimensional scale, the eigenvalues of the first two factors
were above 1 and content analyses indicate that there were two sub factors, which will most likely
be highly correlated. Thus a factor analysis with two factors and oblique rotation was conducted.
From the results we derived two clearly different factors. Because of the clear distinction in content
(see factor description below) the first sub factor of ‘general interest’ was defined as ‘technological
career aspirations’ and the second as ‘interest in technology’.

With a total of six factors we started analysing the internal consistence of each factor. And if
possible items were dropped either to raise reliability or to make an equal reliable factor with less
items. Results for each factor are explained below.

Technological career aspirations

Seven items form the factor technological career aspirations. A reliability analysis on all items
learns us that the factor reliability for all items is .91. When eliminating less consistent items one
by one we become a reliability for these four items of .92, which is considered as excellent. The
remaining items are 17, 39, 45 & 63.

Interest in technology

The number of items with a loading above .30 was nine. These items have a Cronbach’s alpha of
.87. Dropping item per item we can bring the number of items back to five with an alpha of .84.
Eliminating more items would decrease the reliability too much. These five items are: 32, 42, 46,

50 & 52.

Attitude towards technology

The original attitude scale consists of eight items (Bame Dugger, 1993). The EFA results in a nine
item factor ((¢=.83). Exploring the specific content of these questions and a new reliability analysis
of a shorter list of items delivers us a factor with an absolute minimum of four questions for this
factor, with a reliability quasi equal to the scale with nine items and still defined as ‘good’ ((¢=.81).
The remaining four items are: 33, 57, 58 & 64.
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Technology is for both, Boys and Girls

Eight items compose the scale ‘technology is for both’. An equally good reliability (¢=.80) can
be obtained with only half the number of items. Therefore we will only retain the four following
items: 24, 30, 41 & 47.

Consequences of technology

Compared to the original scale of five items we derived a double number of items. Reliability re-
mains above .70 when excluding 6 items step by step to finalize the diminishing at four items.
(&t =.72) The remaining items are: 20, 25, 27 & 31.

Technology is difficult

The original scale provided an answer to whether pupils thought technology was difficult based on
five questions. In our analysis the factor contains six items. Because of the low Cronbach’s alpha
(-60) the data are analysed again based on the content of the items and the theoretical frame made
by Bame et al (1993). Items 15 and 21 are included. The reliability of the scale containing eight items
(15, 21, 26, 43, 44, 49, 61, 67) is .65. A further analysis learns that this reliability can’t be made
higher than this. However, excluding four items doesn't effect the reliability a lot. The following
four items remained with an alpha score of .64: 21, 26, 43, & 49.

Conclusions of the pilot study

The original factor ‘General Interest’ (Bame, et al, 1993) containing 18 items was slimmed to two
factors, career aspirations and interest in technology, with four and five items in each scale respec-
tively and alpha’s above .80, which are considered to be good.

The factor ‘Attitude’ contained in his original version eight items with a variety of questions
about prosperity, environment, the need of mathematics, etc. The slimmed version with only four
questions defines attitude as ‘the degree in which someone finds technology boring or not” and all
of the items are negatively stated. Therefore it could be appropriate to change the title of the factor
in ‘tediousness’.

The factor “Technology as an activity for both boys and girls’ was perfectly slimmed to only four
questions of the original eight with a good reliability (.80)

For the factor ‘Consequences of Technology’ one of the four remaining items was not in the
original factor. Nevertheless our analysis showed a bigger internal consistency of the items (Qt__
=72 A iginal =-67)-

For the factor “Technology is Difficult’ the results are not as straightforward as for the other
factors. A reliability score between .60 and .70 is questionable but we retain this factor with four
items to maintain a questionnaire including six different aspects of attitude towards technology.

With a total number of 25 items divided over six factors this analysis of the first pilot study
results in a questionnaire with sufficient reliability and less than half the number of items of the
original PATT questionnaire.

Main run

We used a CFA to examine the dimensionality of the questionnaire in more detail. This CFA ex-
plored the different models for the six factors until a good fitting model was found in line with
theoretical evidence for this model. The different steps will be subscribed below, starting with an
overview of the data in table 3. This displays the model number, the comparative fit index (CFI), the
Root Means Square Error of Approximation (RMSEA), Akaike’s Information Criteria (AIC), Chi?,
and the p-value for significant improvement with the previous model.
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Model  CFlI RMSEA AIC Chi? df P -2LL test

1 .928 .050 190904 2007 260
2 .939 .046 190639 1740 259 <.001
.951 .043 184456 1402 236

Table 3: The fit indices for the different models

Model 1

The first model includes all factors as defined after the first pilot study. The factor ‘structure’ is
shown in figure 3. The fit indices for this model don't reach the critical values (CFI>.95; RM-
SEA<.50). Therefore we used the function modification indices to inspire us for any improvements
on the model. This resulted in the suggestion to implement item 27 ‘Technology lessons are impor-
tant’ as a factor loading for ‘interest’. Because both internal consistencies for the factors ‘interest’
and ‘consequences’ will improve we implement this item in the factor ‘interest’. This results in a
second model.

Tediousness -

Consequences .

Figure 3: Model 1
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Model 2

As shown in table 3, the second model containing the cross loading of item 27, significantly im-
proves the fit. The RMSEA has dropped under .os5, which is considered to be good but the CFT still
is under .95, which indicates the model can improve some more. Modification indices suggest that
a loading for item 24 should be added for ‘consequences of technology’. However this seems not to
have any kind of logical reason. Therefore we think it might be a better idea to drop the item. The
internal consistence of the factor ‘gender’ would increase from Qt=.74 to 0t=.82 without item 24
for the second pilot group. This leads to a third model to analyse.

Model 3

Based on the first and second model but without item 24. Goodness of fit indices show now an
acceptable CFI and RMSEA and also Akaike’s Information Criteria is a lot lower than in model 2,
which indicates a better model. All fit indices taken into account we conclude this is the best model.

Conclusion

With our research we follow the opinion of Osborne, Simon, and Collins (2003), that a scale for at-
titude towards a subject actually consists of a number of subscales. And the best that can be done
is to ensure that the sub-factors, which form the concept of attitude, are valid and reliable measures
of the constructs they purport to measure and look for the significance of each of these aspects. We
found six of these so-called sub-factors in the PATT questionnaire. All of these six sub-factors are
highly in accordance with the original scales made by Bame, Dugger and de Vries (1988), although
all of them contain less items. Five of the factors have at least an acceptable internal consistence
(>.70) and only one of them, ‘Difficulty’ has a dubious internal consistence. Overall, the question-
naire seems to be useful as an instrument for measuring different aspects of attitudes towards
technology.

Discussion
To future researchers who would like to work with the PATT-survey we suggest to randomize
questions in order to avoid the bias due to the fact that questions on similar topics are influenced
by each other when appearing together. Factors that are measured by less than four items can be
improved by adding more items we dropped after our first pilot study.
It might be worth investigating if the variance explained by these factors is equal for sub-groups
in the population like boys and girls, or whether the items are linguistic or gender dependent.
Future research could point out what the correlations are between the factors in the attitude
questionnaire and aspects of technological literacy, or what the effect of education could be on at-
titude towards technology. This cohort could be followed through their educational career to inves-
tigate the evolution of attitude towards technology.
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Résumé
Depuis une quinzaine d’années a été introduit en France un Enseignement relatif a la Santé et a
la Sécurité du Travail (ES&ST). Il s’agit de former des professionnels qui adoptent des conduites
qui integrent la prévention des risques dans leurs activités ordinaires. Ce qui suppose de penser la
maitrise des risques comme une composante de la qualification professionnelle. De nombreuses
études ont montrées qu'il existe des écarts entre les savoirs mis en jeu par les professionnels dans
leurs pratiques et ceux portés par l'institution scolaire. En situation professionnelle, 'opérateur
doit s’adapter au contexte et prendre des décisions face a des situations nouvelles. Léléve doit alors
évoluer entre une école qui ne transige pas avec la sécurité et celle de 'entreprise qui s’en accom-
mode en fonction des situations rencontrées. Dans un contexte théorique d’ergonomie cognitive
et d’analyse de l'activité de conception, nous envisagerons les activités de prévention des risques
comme des activités de conception et nous proposerons une réflexion sur les caractéristiques des
situations et des activités qui sont susceptibles d’étre proposées par I'enseignant afin de favoriser
la capacité d’adaptation en situation professionnelle des éleves.

Mots clés : prévention des risques, activité de conception, processus d’enseignement - apprent-
issage

For the last 15 years, Education relating to the health and safety of the work (ES&ST) has been in-
troduced in France. It is to train professionals who adopt behaviours that integrate the prevention
of risks in their ordinary activities. This presupposes to consider the control of risk as a component
of the professional qualification. Numerous studies have shown that there are differences between
the knowledge put at stake by professionals in their practices and those worn by the educational
institution. In professional situations, the operator must adapt to the context and take decisions
in new situations. The student must then evolve between a school that does not compromise with
the safety and the safety of the company which accommodates according to the situations encoun-
tered. In a theoretical context of cognitive ergonomics and analysis of the activity of design, we will
consider the activities for the prevention of risks as the activities of design and we will propose a
reflection on the characteristics of the situations and activities which are likely to be proposed by
the teacher in order to foster the capacity for adaptation in professional situation of students.
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Introduction

The prevention of risks related to the practicing of a profession takes an increasing place in the
strategies of definition of employment. This dynamics of integration of the conduits of prevention
in the intimacy of the gestures represents a major stake of evolution of the practices of the profes-
sionals; it is a question of training professionals who adopt behaviours which integrate the preven-
tion of risks in their ordinary activities. From the vision of the professional who observes rules to
ensure his safety, it is necessary to substitute that of the professional who develops skills in order
to control the risks, whatever is the professional situation met. This presupposes to consider the
control of risks as a component of the professional qualification.

For a great part, this dynamics of integration and generalization of prevention of risky behav-
iours rests on the training of the future professionals, in particular within the framework of the
education. Consequently, about fifteen years ago was introduced, a Teaching relating to the Health
and the Occupational safety (ES&ST). This teaching, which does not constitute “a new” discipline,
is built around a traditional triptych of formation in France and rests on the articulation between
two places of formation: the school and the company. This organization which reflects a dichoto-
my relatively old between theory and practical rests on fields of different knowledge of reference
(Cheneval-Armand, 2010). Thus, the analysis of the various levels of knowledge concerned in the
founding texts, the programs and the practices of the professionals show that differences exist
between the knowledge of the professionals in their practices and those carried by educational
establishments. For the professional who confronts concrete, real and daily problems, safety must
be thought in terms of compromise between the need for applying the regulation to ensure its
own security and the obligation to carry out the interventions. At school, the report to the standard
will settle in this confrontation. So the pupil will be subjected to this double injunction, that of the
school which does not compromise with safety and that of the company which puts up with it. That
brings about a shift between school activities which say how it would be necessary to do (and that
explains it and largely justifies it) and the occupations in which it is necessary to do by preserving
the productivity. It thus has there a tensioning between two worlds with the radically different pur-
poses, put under tension which supports the adoption by the references pupils to the practices of
the professionals, which considerably limits the claim to make the practices of prevention evolve
in the direction of institutional waitings (Cheneval-Armand, 2010).

For all that, this variation, between the ideal model carried by the school and the pragmatic
models of the professionals, can be close to the capital distinction presented by Ombredane &
Faverge in 1955:

“Tiwo perspectives are to be distinguished from the outset in the analysis of the work: what (what
isto do), and how (how the considered workers do it ?)” (]. Leplat, 20m).

According to De La Garza & Fadier (2004), the variations with the prescribed task (what there is to
do) represent the top of human skills. Thanks to their intelligence, the operators play fast and free
with the rules which they find expensive, unsuited or inapplicable with the need for the situation.
This adaptive capacity based on the actors remains essential to regulate all the unusual situations
(Amalberti, 2007) or when the objectives of safety and production are contradictory (Hollnagel,
2004). Consequently, it is advisable to wonder : how the school, in conjunction with the company,
can develop the pupils’ capacity to adapt to situations, this intelligence at work which is necessary
to adapt to varied situations, even to new situations that the operator never met or when the objec-
tives of safety and production are contradictory (Pastré, 2003).

Of a descriptive and understanding nature, the committed work will make it possible, initially,
to analyse the activity of the pupils, the tutors in companies and the teachers in order to establish
the feature of the didactic situations in the prevention of risks which will make it possible to de-
velop the capacity of adaptation of the future professionals. In the long run, the led analyses will
enable us to think of the innovating situations of teaching-training likely to be proposed by the
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teacher in order to support the pupils’ capacity to adapt in professional situations. In this study, we
will present the analysis of the activity in risk prevention as well as the methodology considered
which is part of the theoretical framework.

Prevention activity — design activity

Herbert Simon in his work The Sciences of the Artificial, was the first who suggested to approach
the design either as a professional status or as a particular type of cognitive activity. According to
this author, the design is an activity aiming at imagining and at realizing in ver time of the things
called “artefact”, with which the finality is to satisfy the needs for the Man (Simon, 1969/1996).
In this definition of the design, we find two key words: imagine and realize. The first one refers to
a cognitive activity. The second one to a productive activity. This definition thus makes it possible
to characterize the activity of design, on the one hand as a cognitive activity (internal) and on the
other hand as a productive one (external). According to Visser,

“if we agree with this definition, design activities are not the monopoly of BE Engineers anymore.
In that case, other operators are also encouraged to engage in activities which, in an analysis in
cognitive ergonomics, fall within the design” (Visser, 2002)

Thus, from a cognitive point of view, the design can be characterized by properties of the problem
to solve, representations and processes of resolution implemented to solve it, and to finish devel-
oped solution (Falzon, et al., 1990; Visser, 2002).

Sowewill consider the activities of risk prevention like activities of design. For example, atthe time
of the phase of setting in safety on a task of maintenance of the refrigerating systems, the technician
proceeds to the implementation of preventive measures which can be of organisational nature like
the presence of a second technician, but so technical with the setting not under tension of the installa-
tion, the placement of protective equipment collective (life line) or individual (wearing of glove, use
of insulating tools). Thus an important part of the activity of the operators in prevention in the same
way that any activity of design consists in specifying the couple problem-solution. As of the moment
that the operator/originator starts to build a representation of the initial specifications of problem
and that he undertakes their analysis, he starts to specify a solution. Starts a process of design then.
The professional reflects front, during and after the action and during its reflection, it mobilizes
representations and knowledge of various sources. Thus, a technician who carries out a task of
commissioning of an air-conditioning proceeds in successive phases:

i. Building planning phase: depending on the specifications, the technician assesses the
workplace in order to organize the work that is to be done. Knowledge of the places
and the equipment to be installed must allow him to evaluate the inherent risks in the
place of work. This risk evaluation allows the operator to decide upon organizational
procedures (personnel or machines to handle and carry equipment based on weight
and bulk of heavy machinery, specifically adapted tools to carry out the work), collec-
tive protection measures (permission to turn off energy supply voltage anticipated for
linkup) and individual protection procedures (gloves, earplugs).

ii. Implementing equipment phase: this phase has two stages: the first one allows for the
preparation of supports destined to receive machinery parts and connection zones.
The second is the fixing of the parts onto the supports as anticipated. Depending on
risks and constraints, the technician decides how to assemble the parts in the build-
ing planning phase.

iii. Connecting parts and electrical circuits phase: depending on the planned voltage al-

teration (total, partial or none), the technician can move on to the connection without
any risk, or taking them into account if there are any.

34



To implement methods and procedures, it has resorts to cognitive resources of the designs of
thought, in other words designs of reasoning, interpretation, creation of assumptions, evaluation
and decision (Vergnaud, 1995). These designs make it possible to identify the relevant knowledge,
to differentiate them to face a singular situation. The professional returns then in a process of
creative design. There is no single solution with a problem of design. The solution adopted finally
is not either “correct”, or “incorrect”: it is an acceptable solution among others. The “final” speci-
fications at which an originator arrives can be disputed, not because they would be incorrect, but
because, following different criteria, another solution could be adopted, by the same originator or
another (Bisseret, Figeac-Letang, & Falzon, 1988). Facing a security problem, two professionals will
not inevitably choose the same solution or the same procedure (Duboscq & Clot, 2010) whereas at
the school one often learns to the pupil a single procedure facing an identified problem. The ac-
tions can be reproduced as they are if, with the same interests, correspond similar situations, but
are different or combined in a new way if the needs or the situations change. Thus the profession-
als must develop a capacity of adaptation and plunge themselves in a situation of creative design to
quickly find a solution: the emergence of creative ideas.

From professional behaviours to the emergence of creative ideas

The occupation makes a professional meet a large number of known and unknown situations.
Leplat (1985) qualifies these activities of execution, which involves mechanisms already made up at
the subject, of “routines”. Concurrently to that, when the subject is confronted with a non-routine
and unusual occupation, it must “invent” a process of resolution by mobilizing knowledge and
practices available. The designs of actions are, in an action, which is transposable, differentiable
or can be generally applied to one situation or to a following one, in other words what is common
to the various repetitions or applications of the same action (Piaget, 1973) and which makes it pos-
sible to bring about an adapted solution. The design is thus the structure of the action - mental
or material -, the invariant which are preserved of a singular situation at another, and is invested,
with more or less adjustments, in similar situations. It is what one can call “the operational form
of knowledge”, that which makes it possible to act as situation.

This development process led to the development of new knowledge or the implementation of
new practices. This occupation becomes in its routine turn when the knowledge and the practices
are controlled and that they make it possible to solve, without mediation, the current problems
posed (Ginestie, 1995). This approach joined that which proposes Deforge (1995). Speaking about
the production of objects, he says that when the process makes up of continuation operational
well defined and that he is based on data delimiting the field of the solutions strictly, then there
is no emotional investment on behalf of the men who are in the system of production and they
are reduced (always theoretically) with the role of agent. On the other hand, when the data input
are fuzzy and that there are no functional indications for the exit nor of formalized process at dis-
posal, the man must invent, to fill spaces of uncertainties, the original processes at best of the data
and the result required. One can thus consider that the direction of knowledge, for the expert, is
related to the particular context including the problem, in the ecological conditions under which
this knowledge will function. So the experiment in the broad sense falls under the development
process i.e. the development of new knowledge. For Lubart et al.(2003), an “idea can be new for a
person given but not the being for another according to its former experiments”. In this direction,
we can consider an idea as new when the subject is confronted with an occupation unusual and
non-routine and that it must “invent” a process of resolution by mobilizing knowledge and prac-
tices available. Models contributing to explain the emergence of creative ideas were proposed. We
can quote the case of model A-GC “Analogies et Gestion de Contraintes” (Bonnardel, 2000, 2000).
According to this model, the dynamics of the creative activities of design is explained in particular
by two cognitive processes being able to act in opposite directions: the realization of analogies and
the management of constraints. The realization of analogies causes to open the space of search for
ideas in order to arrive to solutions more or less creative and adapted to the professional situations
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met. The management of constraints makes it possible to direct the realization of analogies and to
gradually circumscribe the space of research according to knowledge of the originator (designs of
action). Thus within the framework of the training of the future professionals in risk prevention,
it will be a question of having a reflection on the characteristics of the creative situations of design
into didactic of vocational trainings, aiming at developing the capacity of adaptation through the
emergence of the creative ideas.

Methodology

Our methodological approach will contribute to associate two methods which, used jointly, will
make it possible to finely explore the activity of the pupils, the tutors of training course and the
teachers in situation of creative design in risk prevention.

The field of experimentation concerned companies specialized in the installation and main-
tenance of heating, conditioning and refrigerating equipments. They therefore, and specially in
small and average sized business, constitute a sector providing jobs for young people graduates
and are regularly held training company for young people in initial education.

The experimental protocol to be implemented for data collection will consist into three phases:

- Choice and analysis of the task of creative design in risk prevention in the sector
of installation and maintenance of conditioning and refrigerating equipments.

- Proposition of the same task to a pupil in a school context and to a pupil in a professional
context. This stage will be subject to an audiovisual recording of the pupil’s activity
in both contexts.

- Semi-structured interview of the tutor, of the professional and of the pupil : all the
interviews will be subject to a complete transcript of the verbalizations.

Our work will be based on an analysis of the activity by the analysis of the points of view (Wolf,
Burkhardt & de la Garza, 2005). In this context, we will use jointly a discursive analysis and a data
geometrical analysis (main component analysis) with reference to Burkhardt’s studies concerning
the analysis of the points of view of designers in production system. Thus, our methodological ap-
proach will contribute to explore the points of view of the actors. We will use discussions and ver-
balization analyses through specific methods allowing the reproducibility and the comparison of
various corpora. This approach will enable us to finely analyze the speakers’ speech and therefore,
to give useable results by means of semi-structured interviews. For all those studies, the teachers’
and students’ speeches will be transcribed again verbatim.

All the entries of charge collected will be the object of an analysis of contents at the same time
from a quantitative and qualitative point of view. From a quantitative point of view, the data col-
lected will be the object of an exploratory analysis from “point of view” (Wolff, Burkhardt, & De
La Gaza, 2005) using the software TROPES. From a more qualitative point of view and to come to
enrich the quantitative analysis, the linguistic statements, considered as significant from the point
of view of the activity of creative design to risk prevention, will be analyzed by the use of formal-
isms and systems of simple rewriting (Lebahar, 2007).

Conclusion

The analyses led in this study, will enable us to release the operational invariants, the inferences
and the strategies, the rules of action and anticipations i.e. the organization of the control of each
actor for a class of situation given. This level, the comparison of the levels of organization between
the tutor and the teacher must offer an explanatory lighting to us on the characteristics of the
didactic situations which will make it possible to develop the capacity of adaptation of the pupils
necessary for the control of the risks and to develop suitable professional competences. In the long
run, the led analyses will enable us to think of the innovating situations of teaching-training and in
particular the formations organizing itself around the training by project.
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Abstract
“Passion is the energy that comes from bringing more of you into what you do” (Rosengren, 2004)

In the school based subject of design and technology (D&T) a fundamental element is designing and mak-
ing functional products using critical and creative thinking whilst developing skills in the use of a variety
of processes and materials. The links between creativity, intrinsic motivation and passion have been well
researched (e.g. Amabile, 1997; Leonard and Swap, 1999; Polanyi 1966). Goleman et al (1992) speak
of creativity and intrinsic motivation as the urge to do something for the sheer pleasure of doing it rather
than for a prize, and refer to passion’s importance in the mix as “...the element that really cooks the crea-
tive stew is passion” (p.30).

Teachers of the subject need to be more then just ‘enthusiastic’ about the process if they are to develop
enthusiasm in their pupils that will sustain them through the exciting but sometimes arduous and difficult
process required to achieve outcomes of which they and their teachers can be proud. The polemic work of
Polayni (1958) and that of the psychologist Frijda (2000), closely link joy with intellectual passion, sup-
porting the assertion that positive passions affirm that something is precious and that passion can be used
as a determinant of what is of higher interest and great.

The intention of this research project, using an initial sample of forty-nine students and a non-proba-
bility purposive sample of ten students studying to become DT teachers was to tease out the factors which
appear to enable some students to be passionate about creating a product to a given brief; described by
Csikszentmihalyi (1990, p.4) as “the state in which people are so involved in an activity that nothing else
seems to matter; the experience itself is so enjoyable that people will do it even at great cost, for the sheer
sake of doing it” whilst others from similar backgrounds and expectations, given the same brief, and in the
same learning situation, do not reach this level of enthusiasm.

The data collection method used was an attitude scale and semi-structured interviews which were
qualitatively analysed using HyperReasearch software in order to identify factors involved, with the in-
tention of informing and improving the way we teach our students, to design, and about design, with the
additional aim of improving their teaching of that activity once they become D&T teachers. Within the full
paper results are discussed and tentative conclusions drawn.
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Introduction

The intention of this research project concerning a design-and-make task carried out by students
training to become design and technology (D&T) teachers was to try to identify some of the factors
that enabled some students to be passionate about creating a product to a given brief whilst others
from similar backgrounds and expectations, given the same brief, and in the same learning situa-
tion, do not reach this level of enthusiasm.

An initial cohort of forty-nine D&T students studying on an Initial Teacher Training (ITT)
programme was identified for data collection purposes. After some preliminary data analysis a
non-probability purposive sample of ten students was chosen from the original sample to com-
plete an attitude scale and be interviewed about their design-and-make activity carried out during
a thirteen-week Product Development module. Quantitative and qualitative analysis of the data
collected allowed tentative conclusions to be drawn with the intention of informing and improving
the way D&T ITT students could be taught, to design, and about designing, with the additional
important aim of improving the students’ teaching of that activity once they became D&T teachers.

Background

The primary purpose of designing is the development of quality outcomes in various forms. The
reasons for the inclusion of designing and making within the school curriculum and therefore the
reason for training teachers to teach design within D&T was originally the recognition that ‘the
capability to investigate, design, make and appraise is as important as the acquisition of knowledge’ (DfE,
1989. p.1) and the acknowledgement that D&T was an area of the curriculum which could develop
such capability. Designing and making using critical and creative thinking whilst developing skills
in the use of a variety of processes and materials are still considered fundamental aspects of D&T
in schools today. Therefore it is important that those training to become teachers of D&T must un-
derstand (Atkinson, 2009; Miller, 2012) and preferably be passionate about the activities involved.
Teachers of the subject need to be more than just ‘enthusiastic’ about the process if they are to de-
velop enthusiasm in their pupils that will sustain them through the exciting but sometime arduous
and difficult process required to achieve outcomes of which they and their teachers can be proud.

Passion is an emotion that can be externally observed, or a feeling that is internally observed.
It is a biologically determined process that may be conscious or subconscious and one that can be
induced by external events and circumstances. Although passion can have negative connotations,
it is the positive power of passion that is the focus of this research. Much has been written about
the links between the joy of discovery and intellectual passion (e.g. Fridjda, 2000; Polayni, 1958)
and the importance of passion linked to ‘...stretching ones mind to its limits in a voluntary effort to ac-
complish something difficult and worthwhile’ (Csikszentmihalyi, 1991, p.3). The direct links between
passion and creativity as the “...intense drive to break through to something new’ (Belitz & Lundstrom,
1998, p.57), the belief that ‘without passion we soon lose interest in a difficult task’ (Leonard & Swap,
1999, p.78) and the idea that “passion is the energy that comes from bringing more of you into what you
do” (Rosengren, 2004) are all pertinent thoughts in understanding why the researchers believe that
being passionate about designing is an important issue.

Many writers have identified internal and external factors that, to a greater or lesser extent, af-
fect passion and enthusiasm in a learning situation. Much evidence (e.g. Amabile, 1997; Leonard
and Swap, 1999; Polanyi, 1966) has supported the relationship that exists between passion, perfor-
mance and the attributes that a learner brings with them. These variables can include: a learners’
general ability, intrinsic motivation, personal goal orientation, creative ability, ways of thinking
and working, knowledge base, past learning experiences and the attributes of the task itself: its
contextual location, its structure, its likely demands upon the learner. Added to this, as many of
the learners in this research project were mature students, were the multifaceted outside commit-
ments such as families, mortgages and part-time jobs. To identify which factor caused, affected
or prevented passion in a specific learner is a difficult task and one that would require a longer
research project than the time available for this small scale study, however the researchers believed
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that an in-depth semi-structured interview with a selected sample of students might help them de-
velop a better understanding of some of the factors involved and so enable them to improve their
teaching of design activity in the future.

Method

The Sample

The size of the sample is problematic for the small-scale researcher with a conflict between validity
and manageability. The researchers were all too aware that a sample needed to be as large as pos-
sible and yet in order that the study could be resourced, particularly in terms of time, once some
initial data analysis was complete, a small non-probability purposive sample of ten students was
selected for further data collection purposes from the original sample of forty-nine students who
studied on a thirteen-week Product Development (PD) module during 2011. The researchers used
three criteria in order to identify appropriate students for the sub-sample.

The Three Sampling Criteria:

1. Marks awarded: Only students who had been successful in terms of the mark they were
awarded for their design-and-make activity in the PD Module were considered for the
sub-sample. It was felt that by doing this the data would not be clouded with extra vari-
ables such as students who were not motivated in general or did not have the skills re-
quired to achieve high marks in the PD module.

2. The two D&T specialisms studied: The full cohort had students studying in each of the
four subject areas associated with D&T. Those being: Materials Technology (MT), Tex-
tile Technology (TT), Food Technology (FT) and Electronic Communication Technology
(ECT), with each student specializing in two areas and choosing a design brief which
required both specialisms to be evident in their design activity and solution. The pro-
portion of students studying each specialism in the sample of ten matched the propor-
tion of students studying each specialism in the total sample.

3. Level of Passion shown: The final criterion used to identify the sub-sample was the level
of passion that had been shown by the students during their PD module. As the two
researchers had taught all the students in their subject studies modules throughout the
academic year and in particular during the PD module they believed that they could
categorize each student as belonging to one of the following three groups:

Group A: Those who were extremely passionate about their project. This was evi-
denced in: the project itself; the processes that they had used; how they had dealt with
the ups-and-downs associated with project work; how they had spoken about their
activity throughout the module.

Group B: Those who were competent designers and makers but lacked the type of
evidence of passion shown by students in Group A.

Group C: Those who had succeeded in terms of marks awarded but who lacked de-
sign flair and confidence in their project work and in the way that they were able to

speak about their activity.

Eachresearcherinisolation carried out this categorization of the total sample. This was then
followed by a comparison of the results that indicated a significantly high level of agreement.
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Using the three criteria matrix the researchers discussed and agreed upon the final selec-
tion of ten students for the sample (see Table 1).

Group A (n=12) Group B (n=12) Group C (n = 25)
Student Specialism & Mark Student Specialism & Mark  Student Specialism &
Mark
Student Z TT/MT 88% Student W ECT/MT 79% Student S TT/MT 70%
Student Y MT/TT 80% Student V MT/FT 76% Student R MT/FT 68%
Student X TTIFT77% Student U FT/TT 74% Student Q FT/TT 62%
Student T MT/FT 72%

Table 1: The matrix indicating the specialism and achievement of each member
of the subsample split by Levels of Passion

The following materials and research instruments were used in the data analysis:

1. Marks awarded: The cross-moderated marks awarded for the PD Module were used for
data analysis purposes and as one of the criteria for selecting the sub-sample.

2. Attitudinal Scale: The ten students completed an attitudinal scale to check whether the
chosen students did represent the levels of passion to which they had been allocated.
The design of the scale was based on research and experience of designing such scales
in the past (Atkinson, 1997; 2000, 2003; 2007). The scale used twenty-six statements
about how positive they believed they were in various life-situations and during the
product development module. A two-dimensional grid classification was designed for
student replies. This was based on the Likert system (Likert, 1932). The students were
asked to tick one of four boxes which indicated how much they agreed or disagreed
with the statements. The scale was given to the student immediately before they were
interviewed and took approximately four minutes to complete.

3. Interview data: A semi-structured interview was then carried out with members of the
sample separately in order to tease out further the attitudes of the students to design-
ing and making their solution in the PD Module, the processes they had used, what
had caused them to become interested, frustrated or disillusioned, what type of think-
ing they had used, the problems and constraints they had encountered, whether they
had coped or thrived, and whether they had found the activity rewarding. An interview
schedule of the questions to be asked and the order for delivery was designed, dis-
cussed and modified by the two researchers in order that the same understanding of
the questions was established. This enabled consistency to be achieved even though the
two researchers carried out the interviews separately. The interviews were recorded and
then transcribed using voice recognition software (Dragon Dictate). HyperRESEARCH
software was then used for qualitative analysis purposes.

The students were not informed about the exact nature of the scale or the interview before hand.

They were told that the researchers were interested in hearing how they had each approached the
PD module, which they had completed at the end of the previous academic year.
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Results from the whole cohort of 49 students
The relationship between achievement and level of passion

Level of Passion Mean marks
Group A 74.42%
Group B 65.09%
Group C 56.04%

Table 2: The relationship between Level of Passion
and achievement for the total sample (n=49)

The results in Table 2 indicate a positive relationship between levels of passion and levels of
achievement in the total sample.

Results for the sub-sample of ten students
The relationship between achievement and level of passion

Level of Passion Mean marks
Group A 81.67%
Group B 75.25%
Group C 66.67%

Table 3: The relationship between achievement and
Levels of Passion of the sub-sample (n=10)

As explained earlier as well as the level of passion one of the other criteria that the researchers used
to select the sub-sample was that they had been successful in their projects. However as can be
seen from Table 3 there still remained a positive relationship between levels of passion and levels
of achievement. Supporting the belief of the researchers and others (Belitz & Lundstrom, 19938;
Csikszentmihalyi, 1991; Leonard & Swap, 1999) that passion is an important factor in successful
creative activity “...the element that really cooks the creative stew is passion” (Goleman et al, 1992. p.30).

Results from the Attitude Scale

The attitude scale was pre-coded by the researchers. A sliding scale of score corresponding to a
student’s level of agreement or disagreement with each statement was recorded. The highest score
was given to students who indicated strong agreement with the statement, whilst the lowest score
was given to students who strongly disagreed with the statement. This enabled calculations of the
mean score for each statement, each student and therefore each ‘level of passion’ group.

The results from the attitude scale confirmed the researchers’ allocation of each student in the
sub-sample to a specific ‘level of passion’ group. Group A, those passionate about their project
achieved the highest mean score for attitude and those who lacked design flair and confidence in
their project work gained the lowest mean score for attitude (see Table 4).

Level of Passion Mean Attitude Score
(max score 4; min score 1)

Group A 3.154
Group B 3.105
Group C 2.679

Table 4: The relationship between Levels of Passion and
mean attitude scores of the sub-sample (n = 10)

In twenty-four out of the twenty-six statements the mean scores for each of the three groups indi-
cated that Group A achieved higher mean scores than Group C. The two statements in which the
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least passionate students achieved the highest rather than lowest mean score were ‘I have drive in
most of the things I do’ and “I find it easy to be purposeful’. This would support the researchers’
belief that the chosen sample in group C were indeed motivated to succeed in general and that
even though they lacked ‘passion’ and designerly flair they were able to persevere and achieve out-
comes that more than adequately met the assessment criteria for the module.

[t was also interesting to note that Group B, those who were competent designers and makers
but lacked evidence of passion, had higher mean scores than the students who designed with pas-
sion in reply to a number of the statements. However once again these concerned general motiva-
tion rather than being design specific. For example: being happy and not pessimistic, being stub-
born and persistent. Group B also achieved the highest mean score for the statement regarding
not feeling the need to seek approval before making decisions. However the researchers would not
necessarily see this as a positive attribute. For they believed that a willingness to share incomplete
or untested thoughts and ideas with others indicated a certain level of design confidence, which
was evidenced in the work and attitude of those considered passionate about designing. Group A
the ‘passionate group’ achieved the highest mean attitude scores for the following statements: be-
ing optimistic, non-conformist, single minded, intuitive when dealing with new situations, happy
to set their own standards and values, enjoying most challenges, persevering against all odds when
confronted with problems, displaying creative spontaneity and being proud of their outcome in the
PD Module.

Results from the interviews with the ten students

The only aspect that all students spoke of at some time during the interviews concerned finding
the activity rewarding, whilst ninety percent indicated that they had shown passion in their final
outcome, and that they had developed new practical skills during the module. Eighty percent did
refer to having been hindered by a lack of time to complete the project, although within that co-
hort it was the ‘least passionate’ group who mainly mentioned problems associated with a lack of
time, with one student mentioning it on six separate occasions, in comparison to the others who
mentioned it only once or twice. A surprising result was that eighty percent of the sample spoke of
being frustrated with designing, however when looking at what they were frustrated with it became
apparent that ‘passionate’ students were frustrated by the process they were required to follow to
meet the assessment criteria (producing such things as evidence of developing a specification and
written explanations of their thinking) whereas the least passionate group were frustrated with
their lack of knowledge and understanding of the processes required.

All those in the ‘passionate’ group and those who were competent but lacked evidence of pas-
sion, spoke about the fact that creative thinking was important; and that they had been interested
from early on in the design process. They also believed that ‘passion’ as well as being found in
their final product could be found in their design folios, whereas only one student in the least pas-
sionate group referred to these factors although she indicated that she was not entirely convinced
about finding passion in her folio.

Three quarters of each group believed that the given outline briefs were interesting and enjoy-
able whereas it was only the ‘passionate group’ who then went on to make reference to the briefs
enabling them to be creative and being able to achieve a unique outcome, which they thought was
important. Seventy percent of the total sample suggested that their outcome must be practical and
feasible. None of the least passionate group referred to the importance of the aesthetic form, in
sharp contrast to all members of the passionate group who spoke at length about the importance
of a balance between functionality and form.

Everyone in the passionate group used the words ‘excited by’ in describing their projects where-
as only three students from Group B used those words and none of the ‘least passionate’ group
used ‘excited’ at any time during their interview. The whole of the ‘passionate’ group indicated that
they believed imaginative thought needed to come before rational thought and that there was a
need for perseverance when things didn't go right. They also all indicated that they had used a de-
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signer’s method rather than a scientific method to come up with their solutions. They all believed
that as well as passion being evident in their design folios; and in the product itself it could also be
found in the manner in which they had spoken about their product and design activity throughout
the project. All the students in this group were also proud of their product outcomes, one because
she felt she had really portrayed Russian culture and the history of Russia in the cloak she had
designed and made. She was especially proud, as Textile Technology was a new specialism for her.
The other two talked about how their products were now being used. One student having designed
a very unusual seat that was “...Joved and used’ by his whole family, and the other talked about being
proud to use, within a school environment, the puppet theatre and puppets she had designed to
teach about inclusivity.

In line with the students who were considered passionate, all those in Group B talked about
the following: that they had been interested from the design stage; that they had developed new
practical skills; that they thought creative thinking was important, and that they had provided evi-
dence of passion in their design folios, however this group did not talk about ‘passion’ being found
anywhere else. In support of the researchers belief that this group were as successful as they were
because they had a good attitude to life in general, all spoke of being determined that all problems
must be solved, rather than being negative and complaining about things that did not go according
to plan as was evident in the interviews with the least passionate students.

The two positive points raised by everyone in the least passionate group were that they believed
that the activity was rewarding and that they showed passion in their product outcome. The six
negative issues that all of this group raised were that they recognized that they did not think out-
side the box, that they were frustrated and disillusioned by designing and all indicated that they
needed support and direction before they could make decisions. In terms of their ideas all believed
that the outcome must be practical and feasible, that they were hindered by a lack of knowledge
about designing to support their idea generation and in particular a lack of manufacturing skills
and know-how at the design stage. This was in marked contrast to the ‘passionate group’ who
talked about the fact that being unsure about materials and processes did not worry them and that
it was only once they had an idea they wished to use that they would then turn to ask experts to help
them to understand how their ideas could be turned into reality if it was a process or materials that
they had not used before.

In both the ‘passionate’ and ‘competent but lacking evidence of passion’ groups, students talked
about enjoying the challenge however no one in the least passionate group mentioned enjoying the
challenge. In fact two out of the three in the least passionate group complained on several occa-
sions about how hard their project had been.

Conclusion

The research tools used were appropriate and gave the anticipated exploratory and explanatory
information. The size of the total sample was large enough for basic descriptive analysis to take
place. The sub-sample of ten students was, as anticipated, too small for any statistical analysis,
although information gained provided an informed picture of the relationship that exists between
‘level of passion’ and design activity in the cases examined.

Factors identified so far would indicate that passionate designers use language that is full of
positives, they are on the whole happy within themselves and relish challenging, unknown situa-
tions. Whereas students who are not passionate about their design activity tended to have a ‘glass-
half empty’ and a ‘can’t do’ attitude towards their activity that places a barrier, a resistance, prevent-
ing them from overcoming their fear of a lack of understanding of the processes involved.

Further studies in this area would seek to explore in greater depth the causal relationships that
have begun to be teased out in this small-scale study. The importance of informing and improving
the way D&T ITT students are taught, to design and about designing cannot be over-emphasized.
Nor should the association between a students’ own design activity and their success as teachers of
design within D&T in the future be ignored.
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End of module evaluations from Primary Education trainee teachers in an English university in-
dicate that many trainees lack confidence in supervising practical activities within the classroom.
This initial study is part of a larger piece of action research exploring the effects of trainee teachers’
interventions and teaching strategies on children’s creativity.

This paper presents some initial findings from a small scale study undertaken in June 2on
with students from a first year of a Primary Education undergraduate course based in an English
university. The findings from this initial study originated from a design challenge day, when the
trainees were asked to work with 6o eleven years old pupils and act as mentors to small groups of
pupils. The pupils were asked to adopt a design process inspired by design engineers at Dyson and
designed and made design prototypes for a new product using air. The data collection methods
used were questionnaires with trainees, photographs of pupil outcomes, observations during the
day and trainees’ reflective diaries.

The evidence suggests that the trainees encountered a number of creativity inhibitors dur-
ing the day (Fasciato and Rogers 2005) and these were centred on supporting dynamics of pupil
groups, risk taking and collaborative interaction.

Context
This paper reports on an initial study exploring the pedagogical influences upon children’s creativ-
ity in primary design and technology with a specific emphasis on the influences of trainee teachers’
actions. As a lecturer working with Primary Education trainee teachers in an English University,
I have often observed trainees relying on formulaic procedures and resources when teaching or
planning to teach design and technology.

The Bachelor of Arts (BA) Honours Primary Education with Qualified Teacher status (QTS) is
a three year undergraduate route which has a number of elective modules throughout the three
years. End of module evaluations indicate that many trainees lack confidence in supervising practi-
cal activities within the classroom and from discussions with trainees it is clear that some do not
link theory and university based learning to practice within schools. So the elective module for
design and technology (D&T) in year 1 of the course was designed to include a school based experi-
ence for the trainees.
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The trainees were asked to work with a group of sixty eleven year old pupils in a local primary
school during a design challenge day. The pupils were asked to work in teams to design and make
a product. The trainees were asked to work as mentors to develop their understanding of pupil
led activities and gain insight into pupils’ creativity during pupil initiated designing and making.
When marking assignments, I find that trainees, when asked to teach D&T often make project
booklets for pupils to work in and I hoped to demonstrate that valid D&T experiences do not have
be based on using formulaic booklets. From discussions with primary education trainees, it is evi-
dent that some do struggle with supporting creativity, citing classroom management issues being
one of the most common issues. The aim of the study was to explore two research questions.

1. What effect did the trainees’ interventions have on pupils’ creativity?
2. What difficulties did the trainees encounter when supporting pupil initiated activities?

The design development day took place during June 20u at the end of a week-long module with
nine first year undergraduate trainees who had chosen to study the elective D&T module. During
the first year of their degree they had all also experienced an initial module in D&T with four ses-
sions of two and a half hours. The trainees were asked to work with an unknown group of sixty
eleven year old pupils of mixed gender and ability. They were supported by two university staff and
three teachers from the primary school. The environment in which they worked was a school hall,
three classrooms and a corridor with a range of resources and equipment. The pupils were asked
to investigate a range of vacuum cleaners and then design a new product that utilised air and to
work in a way that mirrored the design process used by design engineers from the James Dyson
Foundation.

Literature Review

The document All Our Futures (1999:6) offers a definition of creativity as ‘a balance between teach-
ing knowledge and skills, and encouraging innovation’ and ‘imaginative activity fashioned so as to
produce outcomes that are both original and of value’ (NACCCE, 1999:29). However Benson and
Lunt’s (20m) study outlines four essential factors for creativity: ownership and control; relevance;
space and time and interaction with others.

Benson and Lunt (2011) outline the need for children to take ownership in order for successful
outcomes and outline the importance of peer to peer and peer to adult interactions and their role
in supporting creativity. They also cite Jeffrey and Woods (2003) who suggest that a ‘hands on’ style
of learning is vital in making learning significant and which in turn provides ownership; both vital
ingredients for creativity. These findings are backed up other researchers Hamilton (2007:27) who
argues that ‘collaborative interaction and imaginative engagement’ together with ‘greater inde-
pendence and risk taking’ empower both pupils and teachers. McLellan and Nicholl (2008) found
that a lack of freedom or pupils’ perception of a lack of freedom also undermines creativity. Kruger
(1993) also suggests that pupils working collaboratively make more progress. Twyford and Burden
(1997:1) contend that understanding of the learning process is developed through ‘considering the
dynamic interaction between learners, teachers, tasks and contexts.” This view is supported by Tre-
bell (2007) who drawing on Vygotsky’s work considers that designing relies on social interaction.

Research suggests that other factors may be influencing creativity. The use of formulaic pupil
booklets frequently used by trainee primary teachers do not support creativity in pupils (Haffenden
2004; Nicholl and McLellan 2007; Trebell 2007). Musta’amal et al (2009) suggest that modelling
is also a key process within creativity and that it can support a number of creative behaviours which
include risk taking, decision making, change, exploration of possibilities, openness to new ideas,
understanding of a problem and reflection. Fasciato and Rogers (2005:29) state that ‘creativity
inhibitors appear to be as much of a problem for teachers teaching, as for children learning’ and
these ‘inhibitors’ prevent creative teaching and learning. Their study found that a number of fac-
tors restricted creativity and these included restriction of choice and time, over controlled tasks and
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a lack of experimental and risk taking. This is backed up by Nicholl and McLellan whose research
(2007) argues that teachers and teaching strategies are crucial in the support of creativity and un-
supported pupils will find it hard to be creative. However if classroom practice and teachers are
influential in supporting creativity, as researchers (Fasciato and Rogers 2005; Nicholl and McLel-
lan 2007) suggest, it could be argued that trainee teachers encounter real problems in supporting
creativity within their classrooms.

Nicholls and McLellan (2007) offer the view that pupils need to be inspired at the start of
design and making activities to avoid the pitfalls of becoming fixate. Karen (1979) cited in Davies
(1996:1) discusses the need to support ‘original and expansive thinking’ and states that pupils can
be asked to be too practical too soon, claiming that it is too difficult for pupils to be original and
thinking about practical issues of construction. Davies (1990) puts forward the view that pupils
need prior experience of materials and techniques for creativity through modelling to develop crea-
tivity. Therefore by using a design challenge day where the pupils would design and make design
prototypes as modelled by Dyson’s engineers, it was hoped that this would be more supportive
of pupils’ freedoms (Benson and Lunt, 201; Fasciato and Rogers, 2005; Hamilton, 2007; Trebell
2007). Mettas and Constantinou (2000) also state that a technology fair is a useful strategy for Ini-
tial Teacher Education establishments to use with trainees to promote pedagogy and can contribute
to the development of positive values and attitudes.

Methodology

The data was collected from trainees’ diaries, photographs of pupils’ outcomes and observations
during the day. The questionnaires were completed anonymously and were used to collect qualita-
tive data from the trainees using open and closed questions and focused upon their perceptions of
the creativity inhibitors and how they perceived these impacted on pupils’ outcomes. It would have
been useful to further triangulate these results with interviews and to have collected data from the
pupils but this was not possible in this study. Ethical issues were major considerations due to the
involvement of a teacher as a researcher as it could be argued that the trainees focused upon in
this study could feel under pressure to take part (Bell, 1987). The trainees undertaking the elective
module were invited to part and it was made clear that they were under no pressure to take part in
the study and that all data would be confidential and that they could withdraw at any point during
the study. One trainee chose not to take part. All pupil identities were concealed.

Findings

The trainees’ written evaluations of the day reveal that they perceived difficulties with establishing
relationships with the pupils. This slow development of the pupil teacher relationship acted as a
creativity inhibitor (Fasciato and Rogers 2005) and links to Twyford and Burden’s research about
the dynamic interaction needed (1997). In trying to establish the social interaction the trainees
adopted a number of strategies to initiate the product analysis as the first activity of the day (Trebell
2007; Benson and Lunt 20m) (Figurei). Sixty four per cent of the trainees perceived that the pupils
were shy or nervous at the start of the design challenge day, although this was contradicted by a
member of staff who told one trainee that the pupils were being polite not shy.
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Strategies used by trainees to initiate social
interaction.

Strategies used by trainees who struggled to
initiate social interaction.

Minimal initial prompts but allowed pupils to take
charge-

Pupils were asked to sit in a circle and invited to
respond one at a time.

Asked pupils to work as one group and did not let
pupils split into sub groups-

Very structured questioning

Had positive ‘can do’ attitude to pupils’ abilities, i.e.
problem solving and being logical.

Allowed pupils to work in gender groups or subgroups.

Immediately proactive and asked pupils to get involved
with investigating the vacuum cleaners promptly.

Allowed pupil conversations to develop and did not
intervene or dominate.

Only intervened when the pupils were stuck.

Figure 1: Trainees’ strategies used to initiate social interaction.

Problems with managing the social interaction continued into the second stage of the day when
pupils were are asked to identify a user and purpose for a new product using air. When asked how
successful the pupils were in this, the questionnaires identify a definite split between the trainees’
answers. Forty six percent of trainees who thought that the product analysis was more teacher
led rather than child led; their teams of pupils only identified 3 to 4 potential users and purposes.
Whereas forty six percent of trainees who thought that the first session were child led, their teams
could identify at least 7 to 10 and 10 plus potential users and purposes. The creativity inhibitor here
appeared to be a lack of ownership and control for pupils (Benson and Lunt 2011; Hamilton 2007;
Fasciato and Rogers 2005) and restriction of social interaction between peers (Benson and Lunt
2011; Hamilton 2007; Kruger 1993; Trebell 2007). Eighteen percent of these trainees also identified
that they led brainstorming sessions and provided design ideas. The rest of the trainees identified
that they only provided procedural support in making techniques and modelling ways forward
when the pupils got stuck (Musta’amal et al 2009).

Trainees’ diaries and observations during the day reveal that again there were clear differences
in the strategies used by trainees who perceived difficulties in managing pupils’ decision making
and those trainees who perceived they struggled (Figure 2).

Strategies adopted by trainees who perceived they
were successful in managing decision making.

Strategies adopted by trainees who perceived they
were not successful in managing decision making.

Used initial prompts but insistence on the pupils
making the decisions throughout the day.

Pupils were allowed to work in subgroups, often based
on gender, which later resulted in conflict.

Restricted choices in order to make it easier for pupils.

Controlled decision making very tightly and as a result
the pupils relied on the trainee to support the decision
making.

Pupils were allowed to choose where they worked
and supported to move around. This allowed pupils to
observe and copy other groups’ strategies.

Asked pupils to vote but struggled to manage the
continuing conflicts.

Happy to adapt activity and allowed pupils to
make more than one product to present at the final
presentation.

Restricted pupil to pupil interactions and imposed more
adult to pupil interactions.

Pupils were each asked to produce a design then
asked to vote for the best idea.

Asked pupils to work in one area chosen by the trainee
and so were prevented from observing other groups’
progress.

Pupils were each asked to produce a initial design,
then asked the group to combine all the best features
into one product for the final design.

Allowed the group to split into two and ran parallel
design and make activities, but could not manage
the disappointment of pupils whose design was not
chosen.

Figure 2: Trainees’ strategies adopted to manage pupils’ decision making
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There were a number of creativity inhibitors that affected trainees who perceived they were not
able to manage pupils’ decision making within the pupil groups during the selection of the user
and purpose of the new product and the choice of the group’s final design. These were an inability
to manage the group dynamics due to conflicts; restriction of choice for pupils and a restriction of
freedom (Benson and Lunt 2011; Fasciato and Rogers 2005; Hamilton 2007; Kruger 1993).

The trainees were invited to grade their response to the statement ‘I was surprised by the way in
which the pupils worked’. Two trainees were undecided and one noted that ‘the children I worked
with did not really work together well; they struggled to come up with ideas.” Another noted that
the pupils were ‘well behaved, polite, listened to each other’s views but the team separated into 4
teams for the task.” Observing one pair of trainees work with the pupils, I noticed that they were
unable to master the strategies for supporting independent work as they appeared to be incapable
of letting the pupils work independently, thus making these trainees the creativity inhibitors.

Twenty five per cent of trainees who struggled to initiate the product analysis found that the
pupils continued to express ideas, investigated the vacuum cleaners on a superficial level and relied
on a high degree of prompting from the trainee. Eighteen per cent of the trainees tightly controlled
the structure of the day and perceived that their group of pupils struggled with creativity. When
investigating potential users and purposes, these pupils could only think of three or four users
and purposes for the new product. During the design stage these pupils also produced a limited
amount of design ideas and these were generally variations of one idea, (Figure 3).

Figure 3: Pupils’ ideas from tightly structured activities.

In contrast thirty one per cent of trainees who were prepared to take a risk produced a greater and
more diverse range of ideas for potential users and purposes. (Figure 4) This demonstrates a need
to work with trainees to find ways to support them to be able to take risks (Fasciato and Rogers,
2005; Musta’amal et al 2009).

51



Figure 4: Ideas from pupils who were allowed more freedom.

Trainees who allowed pupils to work in sub groups, often based on gender, then struggled to
support the development of initial ideas and as one trainee noted, critical thinking. One trainee
expressed the view that it was more important for pupils to be happy than follow the brief for the
day again exposing a reluctance to engage with taking risks and losing sight of the need for ‘col-
laborative interaction and imaginative engagement’ (Hamilton 2007:27).

However the trainees who managed to support more creativity in the pupils’ outcomes used a
variety of strategies which included:-

« Restriction of choice at moments of pupil indecision;

« The ability to support pupils’ decision making;

« Take risks and let pupils self-direct activities;

« Minimal interventions ;

« Judgement of when to intervene;

« Encouragement of pupils to think or use resources in different ways

It could be argued that success occurred when pupils and trainees were empowered by ‘collabora-
tive interaction and imaginative engagement’ (Hamilton 2007:27)
One trainee noted that-

“Allowing the children to control the design process was also beneficial. When I and my
partner tried to control the situation, the children’s ideas didn’t come very easily, but as
soon as they were allowed to control the situation and take charge, the design process
flourished. Also working in groups was valuable as children saw more ideas and com-
bined them to make a more complex idea.”

This statement illustrates how this trainee has used the design challenge to realise that pupil led
design and technology activities can support social interaction (Trebell 2007) and thus pupils’ in-
dependence (Hamilton 2007).

Another trainee realised that risk taking (Musta’amal et al 2009; Fasciato and Rogers 2005)
and experimentation were crucial (Fasciato and Rogers 2005) and noted that-

“I found it difficult to allow the children to experiment with all the materials because
I am so used to suggesting ideas. Yet I recognised that this was an opportunity for the
children to be inventors and to use investigation to decide the best way to make their
prototype. In order to solve this, I took a step back and observed the way in which the
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children worked. I was pleasantly surprised to see them trying out new methods of us-
ing the unfamiliar materials. Therefore I felt comfortable in a children led afternoon as
I trusted the children to work independently. This is an experience that will stay with me
for the rest of my teaching career, as I realise that allowing the children to indulge in
their natural curiosity can produce innovative and thoughtfully made products.”

Conclusion

Using Benson and Lunt’s (2011) four creativity factors to examine the pedagogical strategies used
by the trainees during the design day, it is apparent that there were some specific areas of difficulty
for the trainees. It could be argued that the pupils were provided with an opportunity to be crea-
tive through challenging opportunities with self-directed activities and as McLellan and Nicholl
(2008) state, this should support creativity. However the trainees perceived a number of creativity
inhibitors when supporting pupils and struggled to manage the ownership and control (Benson
and Lunt, 201) and struggled with supporting creativity. Most trainees recognised that more a risk
taking approach was needed during the day but a minority of trainees struggled with this approach
and reverted to restricting pupil’s independence throughout the day and this appeared to have a
direct and negative influence on the pupils’ creativity. Twyford and Burden (1997:1) discuss ‘the dy-
namic interaction’ needed and pupils who were allowed more interaction with each other produced
more original work with a greater variety. Pupils who were restricted to peer to adult interactions
had less creative outcomes than pupils who were allowed to use peer to peer interaction for the
majority of the challenge.

Researchers (Benson and Lunt, 201; Fasciato and Rogers, 2005; McLellan & Nicholl, 2008;
Trebell, 2007) point out the importance of the teachers’ influence on creativity. The trainees ap-
peared to encounter a range of classroom management problems during the challenge day and
these generally centred on supporting the interaction with others and providing ownership and
control (Benson and Lunt, 2011). When supported, collaborative interaction between peers and
greater independence empowered pupils and some trainees and in turn provided opportunities for
experimentation and risk taking.

One of the main creativity inhibitors in supporting pupils’ creativity for trainees appeared to be
the support of decision making within the pupil groups during the selection of the final design and
managing the group dynamics. Successful strategies used by some trainees included an insistence
on pupils initiated design decisions and providing strategies for the selection of a final design and
adaptation of the design brief. The few trainees, who really struggled with decision making, resort-
ed to a reliance on strong control and adult dominated activities. This echoes problems identified
by Fasciato and Rogers (2005) and Benson and Lunt (2011) and is not the collaborative interaction
as described by Hamilton (2007). ‘Musta’amal et al (2009) point out that this is a key process
within creativity but for a minority of trainees, this appeared to be too daunting.

The environment of the design challenge day produced its own tensions as one of the main
creativity inhibitors for trainees was the initiation of the work with pupils. The use of a design chal-
lenge day arose from the idea of a technology fair (Mettas and Constantinou, 2006) and while it
created its own tensions, it provided a rare opportunity for Primary Education trainees to focus on
pupil initiated design and technology activities and provided trainees an opportunity to review and
change their own practice (McLellan and Nicholl 2008).

Davies (19906) also puts forward that pupils need prior experience of materials and techniques
for creativity through modelling to develop. During the day the pupils were not taught specific
skills however some trainees perceived that experimentation with a range of materials combined
with curiosity produced imaginative results. Using the NACCCE definition of creativity as ‘imagi-
native activity fashioned so as to produce outcomes that are both original and of value’ (NACCCE,
1999:29) the pupils outcomes were at their best imaginative, original and directed at a specific
user and purpose. There was a direct relationship between the trainees’ pedagogy and the levels of
creativity in the pupils’ outcomes.

53



At the start of this study, I wanted to know what effect the trainees’ interventions had on pupils’
creativity and what difficulties did the trainees encounter when supporting pupil initiated activi-
ties. This was a small scale study but it is clear that the trainees in this study had some specific
difficulties and so to further investigate trainees” problems with the support of pupils’ creativity,
this study forms the first part of a piece of on-going action research which aims to provide trainees
with a tool kit of pedagogical strategies to overcome creativity inhibitors.
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Abstract

The paper describes a small case study in which pre-service design & technology teachers on a
one year post graduate teacher training course in London, England were introduced to the idea of
teaching pupils in schools about the nature of technology and the relationship between technol-
ogy and society by means of a one day workshop. Observation of the workshop and the learning
outcomes indicated that the trainee teachers were engaged and showed willingness to carry outn
such teaching as part of a school design & technology curriculum. The discussion considers the
trainees’ responses, the significance of such activity in initial teacher education in the light of cur-
rent revisions to the National Curriculum in England and how such considerations of the nature
of technology in initial teacher education might be developed through collaboration amongst those
interested.

Introduction

In1999 the PATT proceedings carried a paper that used two small case studies describing the use
of a framework for conceptualizing teacher professional knowledge (Banks & Barlex 1999). The
authors argued from the case study data that the approach had considerable potential for enabling
those about to enter the teaching profession to reflect on their professional knowledge. Others in
the teacher education community then engaged with the conceptual framework and carried out
similar case studies leading to a collaborative publication involving case studies from England, Fin-
land and New Zealand (Banks et al 2004). This work became known as the DEPTH (Developing
Professional Thinking for Technology Teachers) project. Four years later the International Journal
of Technology and Design Education devoted an entire issue to studies involving the DEPTH pro-
ject in five different countries (Banks 2008). This illustrates the potential for small case studies to
provide a starting point for significant developments. The case study presented here builds on the
previous work by the author (Barlex 201) in which he explored teaching young people about the
nature of technology. In considering ways forward the paper suggested that it would a useful ex-
ercise to discuss the nature of technology with those about to enter the profession so that they can
develop their own understanding and consider ways in which pupils can be engaged in this. It is
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hoped that this case study will provide a stimulus for others in initial teacher education interested
in the area to undertake similar work in a collaborative vein in much the same way as happened in
response to the initial DEPTH case studies.

The case study describes a one-day workshop session for 18 post graduate trainee design &
technology teachers in the first term of their one year course at a university in the south west Lon-
don. It will be presented in three main parts.

Part1 will describe the introduction to the workshop and the tasks set to the trainees.

Part 2 will describe the trainees’ responses to the tasks and their views on teaching about the

nature of technology in secondary school

Part 3 will discuss the following:

The trainees’ choice of technologies to explore

The need for trainee design & technology teachers in England to engage with

the nature of technology

The possibility of developing an approach to engaging those about to become
technology teachers with the nature of technology that can be used by educational
researchers in different countries

Finally there is a short conclusion

The introduction to the workshop

At the beginning of the workshop the trainees were introduced to a rationale for including the
nature of technology into the school design & technology curriculum. This rational was based on
an analogy with recent developments in the school science curriculum in which pupils are taught
about the nature of science sometimes referred to as ‘how science works’ (Millar, R. and Osborne,
J. 1998 and Nuffield Foundation 2011). The trainees were then introduced to some of the ideas of
the following writers concerning the nature of technology and its impacts on society.

Brian Arthur — viewing technology as the exploitation of scientific phenomena

Kevin Kelly — considering technology to be autonomous with pre-ordained development, influ-
enced by its own history and mediated to some extent by society’s collective free will

David Nye — rejecting technological determinism but supporting technological momentum

Brian Christian — asking what does it mean to be human in the light of developing artificial
intelligence

Susan Greenfield — giving a a dystopian view in which virtual lives become more significant
than real lives, there is access to unlimited information and stimulation, a breakdown of
traditional family structure, and complete separation of sex from reproduction

Keri Facer — acknowledging some of Greenfield’s fears but arguing that these can be countered
if schools act as places where communities conceive and build their own future

The trainees were then introduced to two different classroom activities that could be used to en-
gage pupils with the nature of technology, how it works and possible impacts. The first is derived
from the Young Foresight project and requires pupils to consider a technological product from four
perspectives: the technology itself, how it works; the society in which the product might be used
and the extent to which it is acceptable, the people who might use the product and the extent to
which the product meets needs or wants; and the market through which the product is made avail-
able (Barlex 2003). The second is a winners and losers identification tool developed by the Nuffield
Design & Technology project which enables pupils to identify who might be directly and indirectly
affected by a technological product and classify these as either winners (the technology is to their
advantage) or losers (the technology is to their disadvantage) (Nuffield Design & Technology 2000).

To prefigure the task in which the trainees would be asked to consider a technology of their
choice they were presented with four possible strategies for choosing:
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« Take a ‘use of technology’ e.g. enable mobility, provide shelter, ensure safety and identify
technologies used for this purpose

« Take a problem caused by technology e.g. climate change, resource depletion, informa-
tion availability and reliability and identify technologies for possible solutions

« Consider new and emerging technologies and identify combinations that provoke inter-
est e.g. a combination of nanotechnology and robots

« Choose an everyday activity e.g. making a cup of tea, and identify all the technologies
and interconnections that enable the activity to be carried out.

The trainees were then presented with a set of ‘crunch’ questions to underpin their thinking
throughout the rest of the workshop

« Is technology autonomous and beyond our control or is technology under human
control?

« Does technology control us or do we control technology?

« Is technology value neutral or does it have implicit values?

« Does the availability of technology change human behaviour?

« Who decides which technologies are developed?

« Who decides which technologies are adopted?

They were then asked to work in groups to tackle the following tasks

« Identify a technology (ies) that you think young people might find intriguing
and/or need to understand

« Explain how it works and what it is used for

« If appropriate indicate something of its history

« Use the classroom activities to critique the technology (ies)

« Develop a presentation (no more than 5 minutes in length) that presents your findings
and considers the costs and benefits to society of using the technology (ies)

To give some indication of the standard of presentation expected the trainees were shown the TED
talk by Sunni Brown about doodling (Brown, S. 2011). Sunni Brown is an expert in the use of visual
thinking to support organizational and group success (Brown, Gray & Macanufo 2010).

Trainees’ presentations and views on teaching

The Trainees divided themselves into five groups. The first group considered the place of avatars in
virtual lives. The presentation began by indicating the extent to which most people’s lives already
involve a substantial amount of digital information stored in a variety of databases and that for an
increasing number this information is deliberately made available to be seen by ‘invited’ others.
The presentation noted that a smaller but significant amount of people are involved in taking part
in additional lives by means of avatars operating in virtual worlds — through on line gaming and
so called second life They then posed the question that if a person had an avatar how might it be
used to help them in their ‘real’ as opposed to a virtual world — in the workplace, in education,
in parenting? They then considered the consequences of competition between the physical and
virtual worlds; something described by Susan Greenfield. They used the Young Foresight device
to consider the pros and cons of such a situation. They noted that whilst it might enable the break-
down of stereotypes and support equal opportunities the virtual identity might become so strong
that people preferred to live the virtual life and neglected their physical life. This they argued could
lead to a decline in physical activity and poor health and the breakdown of social endeavours and
communities.
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The second group considered Nintendo games and asked the question ‘Does the Nintendo 3DS
offer a positive contribution to the advancement of technological and human evolution?’ The pres-
entation began with a time line of the development of Nintendo games starting at 1989 with the
first gameboy and finishing with Nintendo3DS. They used the Young Foresight device to identify
important aspects of the Nintendo 3DS as follows:

Technology - hand held interactive gaming device with 3D capability and augmented reality
People - any gender, ethnicity, culture and age

Society - start of gaming revolution, change in communication, interaction and play
Market - equal market share across North America , Japan and rest of world

They used the winners and losers tool and indicated that there appeared to be many more winner
groups than loser groups but a significant loser group was the family.

The third group considered food manufacture using Pringles as a main example. The presenta-
tion gave information about the rationale for producing Pringles — stackable, fresh, crisp, unbroken
from the tubular container and linked the developers, Proctor and Gamble, to McDonalds which
processes un-served French fries so that the resulting material can be used as Pringles feedstock.
In using the Young Foresight device to comment on Pringles they noted the effectiveness of the
manufacturing process (showing a YouTube video); the appeal of the product to a wide range of
consumers; the marketing via a ‘once you pop you can’t stop’ slogan and the acceptance by society
of the product — wide availability in supermarkets. In their winners and losers analysis they noted
the consequences of automated manufacture, the destination of the packaging in landfill and the
problems caused by overindulgence of such highly processes foods. To some extent these features
would have been better included in the Young Foresight analysis, as they don’t explicitly identify
particular winners and losers.

The fourth group considered MP3 players and ‘portable’ music. The presentation gave a history
of music playing devices - wax cylinder, shellac discs, vinyl discs, walkman cassettes, personal CD
players, MP3 players including ipods and iphones. They noted that the latest developments had re-
sulted from a convergence of the following technological improvements: better, smaller batteries;
increased memory capacity and data compression. They saw the MP3 player as a great leap forward
for portable music — small, light, easy to carry, can be used anywhere, instant access and highly
reliable, with social benefits — cheaper access to music, democratization of music and reduced
environmental impact through digital manufacture and distribution. They saw the winners as the
consumer, the distributor, independent labels and the environment. They identified the drawbacks
as isolation from surroundings and people, ear damage, piracy, short life span, data loss, poor qual-
ity control and the impossibility of personal repair. They saw losers as the consumer (health risk
and poor quality sound), the distributor (piracy and loss of control) and large labels (piracy again).
They speculated about the future of portable music noting that MP3 players will cease to exist as
storage devices as entire libraries will be accessible wirelessly from the cloud. This they saw as a
disruptive technology leading musicians being able to operate in niche markets yet still reach a
wide audiences on line. They wondered whether this increased availability of on line music with
its inherent limitations might give rise to resurgence in live music.

The fifth group considered the use of zebra fish biology to cure heart disease. They started
with the recent campaign concerning research into the zebra fish which can repair damaged heart
tissue. Their winners and losers analysis of research that leads to medical treatments for heart
disease noted the development of commercial brands to deal with anti-ageing and raised some of
the social and economic problems associated with a society in which there is a larger proportion
of older people. They noted that the research involving zebra fish was more humane than other
possible approaches. Investigation on embryos could be carried out on eggs outside the female
zebra fish unlike investigations on mouse embryos which develop inside the female and have to
be removed from the female mouse resulting in the death of the female mouse. Finally they asked
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where cell regeneration technology would be applied identifying the following possibilities: clon-
ing, growing organs for transplants, anti ageing products and cosmetic surgery.

Feedback from the trainees on the extent to which they would wish to teach pupils in secondary
school about the nature of technology was positive in all cases. They had mixed views on exactly
when such teaching should take place. Some advocated starting in primary schools with pupils
aged 10 years, others thought it should be part of the curriculum for pupils aged 11 — 14 years whilst
others though it best to delay such work until pupils were at least 14 years old.

Discussion

The trainees were asked to identify a technology that they thought young people might find intrigu-
ing and/or need to understand. The technologies they chose would in all cases meet these criteria.
They were provided with four different approaches to choosing their examples. Only one group
appeared to make use of any of these strategies. The group considering MP3 players considered
developments in the new and emerging technologies of battery design, increasing memory capac-
ity and data compression. It is perhaps not surprising that a member of this group was a trainee
with a degree in electronic engineering The group which considered the use of zebra fish biology
to cure heart disease chose this topic as a member of the group had a relative who had recently sur-
vived a heart attack and had become involved in supporting a charity that raised funds for research
into ways to combat heart disease. The group that considered food manufacture had two members
whose specialist area was food technology. Some of the group which chose Nintendo games were
mature students whose own children played these games. The group who chose avatars and their
place in virtual lives were the only group to explicitly relate their chosen technology to the ideas
of writers presented in the introduction. The reasons for choosing a particular technology vary
from group to groups but personal experience and area of subject expertise seem to play a major
part. Three of the groups explicitly used the Young Foresight approach to considering their chosen
technology whereas all groups used the winners and losers approach indicating to some extent that
both these techniques might be useful in developing approaches to critique.

In England the National Curriculum is undergoing revision. The Minister for Education, Mi-
chael Gove, has commissioned an Expert Panel to make recommendations. At the time of writing
the Panel has recommended that design & technology become a basic subject (DfE 201). This
means that both primary and secondary schools will be required to teach the subject offering
courses for older children that will lead to qualifications in public examinations but that there will
be no statutory programme of study or attainment targets. Schools will decide on content accord-
ing to local conditions and public examination specifications. The Panel’s main reason for this
is given on page 24 and footnote 57 of the response and indicates that the Panel views design &
technology as having weaker epistemological roots than those subjects granted National Curricu-
lum core or foundation subject status. Of course this is incorrect. Technology which is the subject
underpinning design & technology has epistemological roots going back much further than, for
example, science and a well established canon with regard to both the philosophy of technology
(Dusek 2006), which has a strong and interesting relationship to the philosophy of science, and a
role in putting science education under a scrutiny which widens pupils’ perceptions of the useful-
ness of science (Layton 1995). The minister has still to pronounce on these recommendations and
the Design & Technology Association is campaigning for design & technology to be reclassified as
a subject that has a statutory programme of study. A situation in which design & technology has
no statutory programme of study will leave many schools lacking guidance and it will be essential
that teachers have some understanding of the nature of technology and the way it interacts with
society if this is to be part of a design & technology curriculum. Even if the subject is given a statu-
tory programme of study and attainment targets it can be argued that it is still highly desirable for
trainee teachers of design & technology to consider the nature of technology. At the moment there
is no requirement in initial teacher education for this to be addressed.

It is important to ask whether the approach used in this case study provides a transferrable
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means of engaging trainee teachers from other institutions in England and other countries with
the nature of technology. Is an introduction which considers a range of ideas from contemporary
writers in the field appropriate? Are the writers and the ideas in this study the most suitable? Are
the classroom tools for engaging with critique the most apt? Are the ways of choosing a technology
to consider useful or necessary? Are the ‘crunch questions’ the most suitable for stimulating dis-
cussion? Does the presentation task lead to the most appropriate learning outcomes? The author
would welcome discussions with colleagues who are interested in the place of the nature of tech-
nology in initial teacher education for technology teachers so that an acceptable general approach
may be developed and studies of its use and effectiveness be carried out in different countries.

Conclusion

Clearly caution must be exercised in drawing firm conclusions from such a small study but the
findings may be taken as indicative of the wider picture and help with regard to considering how
those training to be technology teachers may be introduced to the nature of technology and the
relationship between technology and society. There is no doubt that the trainees were engaged by
the workshop and responded positively to the idea that they might teach pupils in schools about
the nature of technology and the interaction between technology and society. As the only input into
their initial training such a workshop would be inadequate to equip them to tackle a significant
amount of such teaching but it does serve to whet their appetites. It is hoped that this small study
could provide a starting point for developments that lead to collaboration in considering the nature
of technology in initial teacher education for technology teachers.
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Abstract

This paper considers the possible impacts of additive layer manufacturing (3D printing) on current
global socio technical systems concerned with the manufacture and distribution of goods and how
the introduction of this technology might disrupt the secondary school technology curriculum.

Introduction

This paper explores the possible consequences of making available to students in secondary school
a technology as it is beginning to be disruptive in the world outside school. The technology under
consideration is additive layer manufacture sometimes known as 3D printing. This paper is in five
main parts. First it will describe the nature of additive layer manufacture. Second it will consider
the nature of disruption in the context of technology. Third it will consider the extent to which ad-
ditive layer manufacture has the potential to be significantly disruptive of prevailing socio technical
systems. Fourth it will consider how this technology might disrupt current practice in secondary
school technology education. Fifth it will consider arguments for and against introducing this
technology into the secondary school curriculum.

Additive layer manufacture
The Centre for Additive Layer Manufacturing (CALM) at Exeter University defines additive layer
manufacturing (ALM) as:

A modern fabrication process that can use a wide range of materials to create products
ranging from medical implants to parts of an aircraft wing. Three-dimensional parts are
built up in two-dimensional layers as little as 0.05 mm thick; this way of building parts
offers great flexibility and opportunities for creating new products at low cost, whilst reduc-
ing the carbon footprint associated with manufacturing. (http://emps.exeter.ac.uk/engi-
neering/research/calm/)
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Digital files describing products can be sent anywhere in the world where there are customers with
3D printers. The manufacture of those products at those sites, as opposed to manufacturing in
bulk in one place and then transporting to customers in different places, reduces transportation
costs and hence impact on the environment. The data used to define the layers to be deposited
starts in the form of a digital description of the item to be produced and is then converted very
quickly by software into an STL (Standard Tessellation Language) file, which software in the 3D
printer turns into a precisely described set of layers. These layers are then printed, one on top of
the other. CALM provides a brief history of ALM on their website at http://emps.exeter.ac.uk/engi-
neering/research/calm/whatis/history/

The technology has grown from it’s inception in the late 1980s, when it was considered to be a
means of rapid prototyping using thermosetting plastics, to the present day where the process can
deal with a much wider range of polymers and metals to produce finished products. Significantly,
the technology is now seen as a means of manufacture as opposed to simply prototyping. Current
work is preparing the supply chain for potential demand for products using these processes.

What is a disruptive technology?

According to Christensen (2012) ‘disruptive technology’ is a widely used and generally accepted
term but a more accurate term is ‘disruptive innovation’ because market disruption has been found
to be a function usually not of technology but rather its changing application. A ubiquitous exam-
ple is the automobile. While a revolutionary technological innovation, it was not, at its inception, a
disruptive innovation because early automobiles were expensive luxury items that did not disrupt
the market for horse drawn vehicles. The market for transportation essentially remained intact
until the debut of the lower priced Ford Model T in 1908. Henry Ford (1922) indicated his intention
to be disruptive as follows:

I will build a car for the great multitude. It will be large enough for the family, but small
enough for the individual to run and care for. It will be constructed of the best materials,
by the best men to be hired, after the simplest designs that modern engineering can devise.
But it will be so low in price that no man making a good salary will be unable to own one —
and enjoy with his family the blessing of hours of pleasure in God’s great open spaces. (p

73)

The mass-produced automobile was a disruptive innovation, because it changed the transportation
market. The automobile, by itself, was not. It is in the situation of changing application that addi-
tive layer manufacturing finds itself and which might lead to it becoming disruptive.

Will additive layer manufacturing be a disruptive innovation?

In England the Technologies and Travel Project (http://www.lancs.ac.uk/tnt/ ) funded by the Eco-
nomic and Social Research Council (ESRC) and undertaken by Lancaster University, and the Uni-
versity of the West of England, Bristol (UWE) hosted a one-day scenario building workshop around
the future effects of computer-aided design and additive manufacturing and their possible conse-
quences for global patterns of both freight transport and consumer travel. The workshop presented
four possible scenarios described below, each dependent on the extent to which there was either
high or low engagement with 3D printing and either high or low corporatization of 3D printing.
These scenarios are shown diagrammatically in Figure 1.

Scenario 1 Desktop factories at home

The technical possibilities of fabrication in the home using desktop 3D printers significantly disrupt-
ed global systems of production, distribution and retailing. Many factories in the global south closed
or downsized. Yet many supply chain and distribution networks remained intact and have even been
consolidated due to rapid growth in demand for powders and other feedstocks for ‘printers’.

65



Scenario 2 Localized manufacture

There has been a blossoming of high-street retail bureaus or ‘print shops’ to cater for the trend in
use of online networks of 3D designs organized through large scale corporate databases developed
by suppliers such as Google or Amazon. Global manufacturing and distribution has grown from
these new business opportunities with emerging supply chains of material feedstocks due to local-
ized manufacturing on a vast scale. Much manufacturing ‘returned’ to the global north and this
has reduced the large-scale transport of objects from the global south.

High engagement with 3D printing

DESKTOP LOCALIZED

FACTORIES IN MANUFACTURE

THE HOME
Low High
corporatization corporatization

of 3D printing of 3D printing

COMMUNITY ONLY
CRAFTS PROTYPING

Low engagement with 3D printing

Figure 1. Scenario building for 3D printing

Scenario 3 Community craft

Growing up in a knowledge economy with easy access to new technology has meant that com-
munity groups championing 3D printing innovated and experimented through informal networks
based around local innovation. Most people continue to procure consumer items in the traditional
way either through online purchasing and delivery from distant manufacturing centres or through
retail high-street stores.

Scenario 4 Only prototyping
Although many types of 3D printers were developed, hardly any made a successful market entry,
with the products being of too low-quality or too expensive. As a result, most people continued to
depend upon online and traditional retailers for the purchases of goods that were manufactured in
‘factories’ often very distant from these consumers. Rapid prototyping remained the main use of
3D printing technologies and this had little impact upon transport or travel patterns.

Scenarios 1 and 2 have the potential for significant disruption to the prevailing socio-technical
system of manufacture and distribution. In scenarios 3 and 4 the current system in which the
majority of goods are produced in the global south and transported to the global north is main-
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tained. Some have already indicated their scepticism with regard to scenarios in which there is
disruption. Dean (2012) Editor-in-Chief of Develop 3D describes how he used an inexpensive 3D
printer (£1500.00) to manufacture a bracket for his weather station — the original had been broken
by windy conditions. A highly successful experience for Dean but he was not persuaded of the vi-
ability of scenario 1. He writes, “I'm still not convinced that there truly is a mainstream market for
3D printers — people just don’t, in the majority of cases, want to get involved in making their own
stuff.”(p. 66). Welch (2012) has suggested that all kinds of people make all kinds of stuff — cakes,
rock gardens, quilts, shelves for the garage, model aircraft etc and that Dean misjudges peoples’
‘makerliness’ although whether 3D printing would appeal to the hands on making described by
Welch is debatable. One argument against this is that 2D printing used to be a specialist occupa-
tion but with the advent of home computers many people are quite comfortable with designing and
printing fully illustrated documents as well as high-quality photographs. The pervasive nature of
home printing is also indicated by most on-line businesses offering printable versions of relevant
documentation. Is it possible to that 3D printing will grow in the same way as 2D printing? Maly
(2012) argues that typography in the early 1900’s typography was a heavy industry involving the
forging of fonts yet in less than 100 years homes and small businesses are quite comfortable carry-
ing out their own printing. Given that 3D printing is in its infancy, only 30 years old, Maly argues
that it still has plenty of time to mature and become pervasive as did 2D printing.

Scenario 2, localised manufacture, is gaining credence. Whilst the use of additive layer manu-
facturing has been used for rapid prototyping as a means to reduce lead-time prior to manufacture
it is now being used for production. Twenty percent of 3D printing is now thought to be of final
products rather than the printing of prototypes (Kross, 2011). General Electric has announced that
it will intensify its focus on additive manufacturing to develop a variety of products, from aircraft
engine components to parts for ultrasound machines (Cox, 201). Markillee (2012), writing in The
Economist in an article entitled “The third industrial revolution”, asserts that the geography of sup-
ply chains will change. Markillie cites the Boston Consulting Group, who speculate that in areas
such as transport, computers, fabricated metals and machinery 10-30 percent of the goods that
America now imports from China could be made at home by 2020, boosting American output by
$20-55 billion a year (Markillie, 2012).

Hence scenario 2 has appeal to those who wish to see a revival of manufacturing in the global
north. This scenario also has appeal to those who wish to solve the global problems of resource
depletion and climate change by moving towards a circular economy (Ellen MacArthur Founda-
tion, 2012). The transport of goods from centres of mass manufacture by means of containerisa-
tion in extremely large cargo ships contributes to the amount of carbon dioxide in the atmosphere.
If goods were produced at or near the site of consumption the amount of carbon dioxide released
through transportation would be reduced although this begs the question of the transport of the
material required to print the items. Once printed items had reached the end of their useful life
it would not be difficult to return them to the technical nutrient stream to be reused in printing
other items. If this could be carried out without significant loss then resource depletion would be
reduced. Some however are sceptical. Mims (2012) considers that the notion that 3-D printing will
on any reasonable time scale become a “mature” technology that can reproduce all the goods on
which we rely is to engage in a complete denial of the complexities of modern manufacturing. He
argues that 3D printing will have the biggest impact within traditional factories. Mueller (2000)
has foreseen this position and considers that 3D printing will be used to develop multiple design
possibilities for parts and enable limited numbers of products to reach market whilst tooling up for
conventional manufacture to take place.

Disruption of current practice in secondary school technology education

Williams (2007) takes the position that one of the purposes of technology education is to prepare
school students to engage in a participatory democracy and that Web 2.0 provides some interesting
possibilities because it provides services which students readily access and become familiar with
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and (citing O’Reilly 2000) are characterised by open communication, decentralization of authority,
freedom to share and reuse, user’s ownership of data and an effectiveness that develops as people
use them. Steeg (2008), building on Williams” advocacy for Web 2.0, argues that a possible future
for technology education involves engagement with tools for personal fabrication linked to on line
hacker/maker communities. Since 2008 a clearly identifiable on line 3D printing community has
emerged and some members of this community are shown in Table 1.

Given the access to the Internet available to schools it is possible that students could use such
organisations in two ways:

« Developing simple digital designs for products, which the organisation prints and then
sends to them by post — the school and/or students would need to pay for this service;

« Developing simple digital designs for products which the organisation prints and sends
by post to others who are prepared to pay for the design — the school and/or students
would make money from this service.

In neither of these cases is it necessary for the schools to possess a 3D printer. The students would
be involved in designing but not making, although it would be possible for them to acquire made
versions of their designs. The making function would have been devolved to one of any number of
on-line 3D print bureaus. If such a ‘designed by me but made by somebody else, somewhere else’
practice became widespread in, for example, England, it would be a major departure from prevail-
ing practice where pupils are invariably required to make what they have designed. If it became
well established it would be disruptive.

If a school possesses a single 3D printer then it is possible for students to develop digital
designs and print them on-site but this is not without its problems. The size of the work bed in
school-based 3D printers is small, making it impossible to print multiples of student work. Print-
ing is also quite a slow process (the bracket printed by Al Dean took several hours). Hence it takes
a long time for a class of students to each print what they have designed. Some models are not
that reliable so there is a steep learning curve before the printers become simple to use. However,
it may be possible to overcome these difficulties. Recently the company A1 Technologies has given
this matter some thought and concluded that a different approach is needed. First, there needs to
be a much more reliable 3D printer that is straight-forward to use in the low cost part of the market.
Second, it would make sense for schools to buy several such 3D printers so that pupils would be
able to parallel process their printing. To this end Martin Stevens, the CEO of A1 Technologies has
designed such a 3D printer — the Maxit 3D kit printer made available in kit form which takes less
than a day for a pupil (rather than a technician) to assemble, as opposed to a week for other 3D
kit printers, and devised a modern manufacturing ‘set’ which consists of six Maxit 3D kit printers,
six laser scanners, six haptic design packages, one Studiomill 5 axis milling machine, all necessary
software plus cutting and printing material plus curriculum materials for students aged 118 for
an overall price of some £23k (€28k).
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Table 1 Some Members of the On Line 3D Printing Community

Name and address Features — taken from website
Shapeways Tutorials
http://www.shapeways.com/ Printing in up to 25 materials including metals, ceramics and glass

Uploading and ordering designs

Ponoko Choose and buy a product. The designer will order the parts from Ponoko
http://www.ponoko.com and send it to you direct.
Making outlets in five countries Choose and buy a design and download the files to your PC. You can

then customize it if the Creative Commons copyright license allows. When
you're ready to make it, upload the files to your My Ponoko account, select
the materials, and get an instant price for us to make it and deliver it to your
door.

Choose a design and download the files to your PC for free. You can then
customize it if the Creative Commons copyright license allows. When
you're ready to make it, upload the files to your My Ponoko account, select
the materials, and get an instant price for us to make it and deliver it to your

door.
i.materialise 3D print your designs
http://i.materialise.com/ Upload your 3D design and instantly see the price for your models.
Headquarters in Leuven Belgium No login necessary
plus branches worldwide Choose from a large selection of materials and colors

Scale your model to the ideal size

Order as many copies as you want
Sell your designs
Want to show off your design talent and make some money at the same
time? Offer your designs for sale in our gallery and once a month, we will
pay you a fee for every one of your items sold.

Thingiverse Digital designs for a wide range of objects
http://www.thingiverse.com Examples of a wide range of things made via 3D printing
Examples of tools in the following categories: automated, clamping,

crafting, cutting, electrical, hand, measuring and power

Creatity A suitable platform for trading of digitalized 3D objects
http://www.creatity.com
Essentially a trading site for a
variety of digital media — pictures,
models, music and software

At the time of writing, this set has only just been made available. It remains to be seen as to
whether schools will buy into this approach to making 3D printing available although there is a
significant track record of A1 Technologies selling smaller volumes of their products into schools.
Consider students aged 12 — 13 years, the age at which such students are taught computer assisted
design and become familiar with the use of 3D modeling software to ‘design on screen’ (Winn in
press). At the moment such students in most schools would not have access to the computer as-
sisted manufacturing facilities that would enable them to make what they had designed on screen.
If the school purchased a modern manufacturing ‘set’ a class of 24 such students would be able
to work in groups of four with each group having their own 3D printer. The students could work
both collaboratively and individually in developing designs to be printed. They would also be able
to download free of charge open-source digital designs and either print as is or modify and then
print. If such a ‘designed by me and printed here’ practice became widespread in, for example,
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England, it would be a major departure from prevailing practice where students are invariably
required to make the products they have designed using hand and manually operated machine
tools. If it became well established it would be disruptive. It would make assessment difficult.
The collaborative nature of the on screen designing would give difficulties in assessing student’s
individual progress. The nature of the making taking place, being completely under the control of
the 3D printer would also problematise the assessment of student’s making skills. Note that there
has been criticism of secondary schools in England that do not use modern technologies in their
curriculum (Ofsted 2011, 2008).

Discussion

Crawford (2010) decries the closure of shop classes in the United States and celebrates the learn-
ing and self efficacy that come from the knowledge and skill that enables someone to under-
stand and be able to repair their technical possessions. This has considerable resonance with the
practical activity of designing and making that constitute the heart of many school technology
programmes. If these programmes move to the point where the designing is done on screen so
that the artefact can be made by additive manufacture the physical interaction between the hands,
tools and materials and the hand eye coordination required to acquire mastery will to a large
extent be lost. It is a question of breadth and balance. Introduction to and experience of modern
manufacturing processes, such a 3D printing, should not be at the expense of denying students
the experience of working with tools and materials. However it is important to realise that even if
time and money can be found to introduce 3D printing into the technology curriculum without
compromising or marginalising conventional designing and making activities the work carried
out might be difficult to assess under current assessment requirements.

If 3D printing does become disruptive in the world outside school, then there is a further argu-
ment for including it in a technology curriculum. An important part of technology curriculum is
the exploration of the relationship between technology and society through which students achieve
an understanding of the socio-technical systems that operate in the world. The introduction of
containerisation in the 1970s has resulted in a world container fleet of over 3000 vessels (Cudahy
2000). Recently Maersk announced plans to produce a new range of ‘mega’ triple-E container ship
20- storey high and as wide as an eight-lane motorway and taking four-five days to be unloaded
(Vidal, 20m). The cargo container is part of a wider socio-technical system shaped by global pro-
duction, consumption, provision, investment inequality, status and wealth (Birtchnell & Urry, in
press). It is rare that a practical activity involving designing and making can be used to give insight
into such large-scale socio-technical systems. There is the possibility that as students engage with a
technology that disrupts their experience of school technology that same technology is also disrupt-
ing what happens in the world outside school.

At the time of writing Techfortrade a UK charity has announced an educational challenge with
regard to 3D printing. Techfortrade has a mission to alleviate poverty through technology-enabled
trade. Its aim is to act as a catalyst for new ideas; working with innovative projects that have the
potential to scale and replicate. The 3D printing Challenge aims to find transformational uses for
additive technology that deliver real social benefit in the developing world. During May 2012 there
are workshops to support the challenge in New York, London, Johannesburg and Nairobi. The
competition is aimed at identifying ideas worthy of further funding and taking them to market
(Techfortrade, 2012). There is no reason why students could not be engaged with this challenge
as part of their school technology curriculum. This would provide them with the opportunity not
just to consider the disruption that is taking place in the world outside school but contribute to-
wards such disruption. This indeed would be an interesting example of the participatory democ-
racy through technology education advocated by Williams (2007). This has some resonance with
the ideas of Facer (2011) who has argued that in the face of new and emerging technologies schools
will need to redefine themselves as places in which communities debate and decide on the futures
they wish to create for themselves.
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The possible significance of 3D printing for both the world and technology education indicates
that it will be worth carrying out empirical research into the impact this technology has on school
technology education. The following research questions may be worthy of consideration:

To what extent is 3D printing being used in secondary schools?

What are the constituents of a 3D printing curriculum?

What impact does the introduction of 3D printing have on the rest of the technology curricu-
lum?

What do stakeholders in the technology curriculum think about the introduction of 3D printing
into the curriculum?

The author would welcome discussions with colleagues who are interested in pursuing these
questions.

Conclusion

Despite some scepticism (Dean 2012, Mims 2012 and Mueller 2000) there is a groundswell of
informed opinion that 3D printing will be a disruptive innovation that will have profound effects
on global trading. Birtchnell and Urry (in press) imagine a future world of fabrication ‘that is not
something that would simply replace long supply chains and containerization. Rather the prolif-
eration of 3D printing may change the overall ecology of machines and technologies’. This is of
course speculative and uncertain but if their vision should become a reality there is the real pos-
sibility that students in secondary school may be able to use this technology in a future in which
this technology contributes towards disruption of the socio technical systems of the wider world
and the technology curriculum.
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Context

The teaching and learning of Science, Technology, Engineering and Mathematics (STEM) as an

area is high on the educational agenda of governments both nationally and internationally. In

the United Kingdom (UK) the supply of highly qualified scientists, technologists, engineers and

mathematicians is perceived as vital in securing the future of the UK’s economy (Roberts 2002).
Amidst the spending cuts across the English educational system, STEM thus far has escaped,

as this Initial Teacher Training (ITT) related quotation illustrates:

“The Review recommends a major campaign to address the STEM issues in schools. This will
raise the numbers of qualified STEM teachers by introducing...new sources of recruitment, finan-
cial incentives...and mentoring for newly qualified teachers.”

Sainsbury (2007)

Worryingly however this investment has not been extended to include those aspiring to train to
teach Design and Technology (D&T). Previously classified as a ‘shortage subject’ by the Teacher
Development Agency (TDA:2010) the latest documentation (DfE 2011) presents a £9,000 bursary
for those holding a first class honours degree (those holding a 2:1 classification will be awarded
£5,000 and those with a 2:2 will receive no bursary) however for those holding a first in physics
the bursary has been increased to £20,000 (DfE 20m).

D&T has much to offer the STEM agenda, however as Barlex (2008) notes, its’ position in rela-
tion to STEM has “oscillated between insignificance to [that of ] valued contributor” for some time, and
this perceived lowering of status, illustrated through the inequality of ITT bursary’s is not the only
cause for concern. These changes come at a time when the majority of schools are introducing the
English Baccalaureate (Ebacc), which does not include D&T and as a comparatively expensive sub-
ject, which when coupled with this non compulsory status, presents a threat to its survival.

As a relatively new curriculum area, introduction as a result of the 1988 Education reform Act,
the then Secretary of State for Education, Sir Kenneth Baker defined D&T as a subject:

‘...in which pupils design and make useful objects or systems, thus developing their ability to solve
practical problems”
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Baker was clear in his remit, defining a context for how this new subject would operate and high-
lighting the preferred curriculum allegiances:

“The working group should assume that pupils will draw on knowledge and skills from a range of
subject areas, but always involving science or mathematics”
Department for Education and Schools,(DfES 1988)

When delivered effectively, D&T can help children better understand, through practical applica-
tion, theoretical aspects of science and maths and it is upon these principles that the subject was
first conceived. However the preoccupation with STEM has led some D&T teachers to express
concern in relation to the potential loss of individual subject identity. This has created pockets of
resistance, with some teachers reluctant to engage in the STEM agenda. This debate (Lewis et al,
2007, Barlex 20009; Pitt, 2009; Williams, 201) about D&T’s value and place within the curriculum
provides the context for this study.

Methodology
At the outset of this study, the intended methodological approach was phenomenography.

As an approach, phenomenography seeks to identify multiple perspectives held by a particu-
lar group in relation to the same phenomenon, with the purpose being to highlight variation in
the collective and in doing so present alternative views rather than focussing upon the individual
experience (Akerlind 2005). According to Akerlind (2005) phenomenography emerged from an
empirical background, as opposed to a theoretical or philosophical one, and may be defined as the
study of ways in which various phenomena are experienced, conceptualised and understood (Mar-
ton 1994). ‘Reality is a human construct’ (Wellington 2000) which presents itself as an interpretivist
epistemology, and from this perspective there is no single view of the world, a real (objective) world
‘out there’ and a subjective (mental representation) one ‘in here’ (Marton and Booth 1997) which
leads to a non dualistic ontological approach (Marton 2000).

It is through this approach that I sought to explore the lived experiences of D&T teachers in
relation to their understanding of STEM. When using phenomenography as a tool to identify
different perceptionial understandings, as originally intended in this study, it is vital that the re-
searcher understands that people may experience the same ‘thing’ in different ways because what
we experience is our reality, whilst our ‘natural attitude’ is however to assume that our world view
is the same as experienced by others (Fazey and Marton 2002).

Critisim of phenomenography as a research approach (Sandbergh 1997, Webb 1997) focuses
upon the researcher’s inability to set aside their own preconceived ideas as data is sorted, which is
vital in avoiding bias in order to prevent the misrepresentation or distortion of findings.

In this study, as a beginning researcher, whilst the data has been gathered using phenomeno-
graphic strategies, analysis of the data has not been analysed as it should, in order to produce the
qualities and outcomes expected for a phenomenographic study. This paper therefore presents
findings, derived from the ‘raw data’, which are influenced by phenomenography.

Ethics

Research has been conducted in accordance with the ethical guidance described by British Edu-
cational Research Association (BERA 2011). Informed consent was obtained and assurance given
with respect to confidentiality, anonymity, and the rights of withdrawal.

Sample

In this study the sample size was nineteen (n=19). In line with phenomenographical selection cri-
teria, participants were selected to encompass as much demographic variation as possible, and as
such met the following criteria;
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« All held Qualified Teacher Status (QTS)
« All were employed in mainstream secondary education in England
« All were teaching D&T (National Curriculum)

In relation to D&T; participants held expertise in; catering, hospitality, food, child development,
product design, resistant materials, electronics, systems and control, textiles (including art textiles
and Textronics), graphics, engineering and motor vehicle maintenance.

Three participants taught only one area of D&T, whilst nine delivered four or more. Three
taught areas considered to be ‘outside’ of the subject including; mathematics, science, Information
Communication Technology (ICT), art, Personal Social and Health Education (PSHE), and Reli-
gious Education (RE). The group comprised of ten women and nine men. The cohort age ranged
between twenty-eight and sixty-two years old. Years in service ranged from one to thirty-nine. All
participants were working within their respective institutions on a full time basis and had spent
between one and thirty-one years working within their current school.

With regard to Teaching and Learning Responsibility (TLR), management or other allowances
held, one was second in department, four were heads of department and one was an assistant head
teacher. A further four held allowances for pastoral positions, one was an Advanced Skills Teacher
(AST), one was head of PHSE and another was the schools Special Education Needs Co-ordinator
(SENCo). One was a STEM co-ordinator and two ran post school STEM clubs.

Geographically participants worked within six local authorities across the North West of Eng-
land, with one teaching outside of England, but following the English National Curriculum. Six
schools were designated as technology or engineering colleges, one was classified by Ofsted as be-
ing in ‘special measures’ and another had been served with ‘notice to improve’.

Research design
Semi-structured interviews designed to gather ‘the lived experiences of participants’ were under-
taken using phenomenographical procedures advocated by Kvale (1996) and Bowden and Green
(2005). The same ‘initial’ question was posed, with supplemental questions asked if the natural
flow of conversation began to cease. Participants were asked to talk about their favourite D&T
project, and as the conversation developed participants were encouraged to articulate the skills,
knowledge and understandings embedded within the project. In order to elicit rich, detailed de-
scriptions further questions sought to ask ‘why? rather than ‘what? (Akerlind 2005). Participants
were encouraged to discuss how the project linked to areas of the curriculum and only as conver-
sation closed was a question about STEM posed. Depending upon the interviewee’s response this
either brought the interview to a close or enabled its continuance.

Interviews lasted between forty-five and sixty-five minutes, were transcribed verbatim (Ash-
worth and Lucas 2000), which involved participants verification of their accounts to ensure that
perceptions had been accurately captured, following which all interviews were anonymised.

Analysis
Phenomenographic analysis strategies vary, Walsh (1994) advocates whole transcript analysis,
whereas Svennson and Theman (1983) and Prosser (1993) prefer to explore segments and smaller
section analysis. The approach taken in this study sought to consider the transcripts as a whole. A
simple coding system was used to illuminate similarities and highlight differences. An iterative,
analytical approach was adopted, which involved checking and continually sorting and comparing
data. This is a phenomenographic technique through which analysis continues until no new data
emerges. The data is then treated as a single transcript, with different perceptions being used to
produce “conceptions from a pool of meanings” Akerlind (2005).

Analysis then attempted to focus upon the identification of the qualitative differences in varia-
tion, with the ‘space’ in-between each being derived from the variation of importance. It is through
this process that conceptions are aligned not to individuals, but to the group, giving rise to the for-
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mation of conceptions which can be organised to create a hierarchical set of understandings which
are referred to as ‘outcome spaces’ or ‘categories of description’ (Marton 1994).

As a beginning researcher I applied the knowledge I had of phenomenography to generate the
data set being considered and create a series of hierarchical outcome spaces. However, upon reflec-
tion, it is clear that having analysed the emergent data I have generated outcome spaces which in
reality served to describe the participants understanding of the acronym ‘STEM’. This is in contrast
to that which I know to be the desired realisation of “outcome spaces” that reflect participant’s lived
experience (deep understanding) of the phenomena under consideration.

As shown below (fig.1.), initial attempts to analyse the data using phenomenographical tech-
niques led to the creation of four hierarchically empirically grounded outcome spaces:

Outcome Space

1 | Demonstrates no awareness of STEM

2 | Demonstrates an awareness of STEM;
Maybe able to define the acronym, but is unable to link STEM to the work they undertake.

3 | Demonstrates an understanding of STEM,;
Able to define STEM, and illustrates through examples how STEM can be delivered and links to
their own teaching

4 | Fully aware;
Demonstrates a deep level of knowledge and understanding, is able to articulate citing fully and
in-depth examples easily and confidently

Fig.1. — Initial outcome spaces derived from iterative DATA analysis.

However as the table illustrates (Fig.1.), the spaces are descriptive, illustrating only the participants
ability to define STEM. Despite being driven by methods suitable to a phenomenographic meth-
odology I have not been able to derive an outcome that strictly adheres to the principles of phe-
nomenography. However, following analysis, the results I have arrived at have given rise to several
findings which are of significance.

Raw Data; Presentation, Analysis and Discussion

Within the research sample, seven (7/19) participants held a food related background. During data
collection two participants (2/19) described projects which integrated a significant number tasks
which would be considered to be ‘STEM’ as this quotation illustrates;

“We teach a project on multi-cultural foods. Pupils are taught about cereals, cooking skills, pres-
entation and packaging... it links to RE, PSHE and literacy... what? Does it link to STEM? No
I don't think so ... I don't know what that is sorry”

However both participants, whilst delivering exceptional lessons that clearly contribute to the
STEM agenda, had no awareness of STEM, and consequently were therefore unaware that they are
doing so. Of the participants (7/19) who described food related projects (all of which demonstrated
clear links to STEM) two (2/7) had no awareness, three (3/7) demonstrated a limited awareness,
and two (2/7) expressed confidently links in relation to the agenda they were effectively contribut-
ing to. Whilst it is some time ago (in England) that this area became known as Food Technology,
much to the frustration of many, it is not uncommon to find previous titles, ‘domestic science’ and
‘home economics’ still in common use. This in itself creates an interesting paradox, as aspects of
both previous titles make specific reference to STEM.
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Seven participants (7/19) were able to demonstrate an awareness of STEM, but were not able to
accurately define the acronym. Their language demonstrated a knowledge deficit in relation to an
in-depth understanding, and they were not always fully aware that they were delivering aspects of
STEM within their own practice.

The majority of teachers however (12/19) were easily and accurately able to define STEM. Their
responses articulated how almost any task taught within design and technology can address as-
pects of STEM, however during analysis it became clear that whilst knowledge was not an issue,
the participant’s personal opinion of STEM and its place within the D&T curriculum was. In this
study advocates sought to promote STEM which was in direct contrast to those ‘opposing’ STEM,
who perceive the development of the agenda as being detrimental to D&T:

“Yes it links to STEM but no I don't make that explicit to the children....in my opinion D&T
shouldn’t be used as a vehicle for science and maths to realise their own curriculum”

A further finding was the perception, cited by a significant number of participants (10/19) in rela-
tion to the difficulties they frequently faced in their attempts to deliver STEM. From the research
group only one participant had a specific period of allocated time during their teaching day to
deliver STEM. Where STEM was cultured in other settings, this was developed within the teach-
ers own time with delivery taking place ‘after school’. Lack of support or engagement from staff in
STEM related subjects / departments and working in isolation were cited as barriers to effective
delivery. In contrast some participants cited feelings of exclusion from the funding and organisa-
tional arrangements within their own institutions.

Conclusion
Whilst not phenomenographical as originally intended, this study brings to the fore several issues;

As findings from this study indicate, a number of participants express concern about STEM
seeing it as a threat which could consume D&T as a subject within its own right. The latent ‘power’
of the teacher’s personal perspective and their potential to either impact or sabotage the success-
fully embedment of STEM should not be underestimated.

Despite the argument for ‘dispositions’ (Hardy et al, 2008), currently within the English educa-
tion system, STEM is not delivered as a single curriculum area. Frequently it is addressed through
individual subject disciplines and STEM interrelated initiatives, such as science and engineering
clubs (Mannion and Coldwell, 2008).

Findings presented here would suggest that in reality, despite the best efforts of those who have
been tasked with implementing the STEM agenda in schools, as aspects of the STEM cohesion
programme final report echo (DFE 20m), dissemination and equality of access in relation to STEM
in schools is not as effective as it perhaps could be. There are a number of teachers (of D&T) who
are unaware that they are delivering STEM, or who are unsure of the contributions that they can
and do make.

Furthermore findings highlight tensions in relation to the actual delivery of STEM. With some
(teachers of D&T) being unsure if it is within their remit and responsibility to engage, whilst others
(with a desire to be involved) cite barriers which excluded them from doing so. Where participants
believe themselves to be engaged in the delivery of STEM, the majority reported that they were
doing so within their own time (after school) and / or in isolation of other STEM subject related
colleagues.

It is intended that the data yielded from the interviews will be reanalysed using phenomeno-
graphical methods to produce outcome spaces which reflect ‘the lived experiences of design and
technology teachers’ as this methodological approach originally intended in addition to the find-
ings already arrived at through previous analysis of the data (Fig.1).
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Abstract

Design and Technology (D&T) education in our rapidly changing society has never been more
important. The skills, knowledge and understanding that are at the centre of this subject prepare
young people for their future lives in so many ways. However the foundations that need to be put
in place in primary education are often ignored at this crucial stage of young people’s development,
either because of ignorance or lack of interest. Unless the building blocks are in place then future
progress inevitably will suffer. This paper seeks to identify some of the key issues that can affect
the development of the subject in primary settings and offers some possible solutions to the identi-
fied issues. Data was gathered from 5 groups of primary teachers (a total of 62 teachers) who were
all studying towards an MA Ed through extended primary D&T courses. The teachers completed
questionnaires before and after the course and all took part in semi structured interviews and
group discussions throughout the course. Their responses were analysed and findings were also
related to research. Implications for future activity are identified and suggested in order to help
to address the issues raised from the research. Although the research is based in England it may
prove a useful starting point for all those involved in primary D&T worldwide.

Research undertaken
Although D&T was introduced into the curriculum in England in 1990, evidence collected from
teachers attending long award bearing primary D&T courses for more than six years indicated that
the majority of these teachers were from schools where D&T is not well established. What then are
the main issues that can be identified that are preventing good quality D&T? There has been no
research that has focused specifically on this area (Harris and Wilson 2003), although studies have
looked in general terms at issues that affect quality education provision in primary schools. If the
quality of D&T is to be improved, then it is important that issues hindering its development are
identified before they can be addressed.

For this research the description of quality D&T was discussed with the teachers. Their com-
mon understanding of the term included a school where there is:

. an understanding the nature of the subject

« confidence in subject knowledge

- planning across the whole school where the integrity of D&T is kept; there is breadth,
balance and progression in relation to the content of the National Curriculum
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« projects are authentic, there is a clear user/s and purpose, there is excitement
about D&T

. a range of tools, materials and equipment that are sorted, easily accessible and
well maintained.

« understanding of the value of the subject as part of the curriculum

From 2009-11, primary teachers on five long award bearing D&T courses (total of 62 teachers)
agreed to take part in a small scale research project to try and identify issues that were under-
mining development, and then to draw out any common strategies that might provide a positive
way forward to develop quality D&T. The teachers came from primary schools around England;
over 95% were in charge/were subject leaders of D&T in their schools; over 97% had no formal
qualification or none/almost no CPD in D&T; over 95% had held the position for less than 3 years;
and over 96% were female. The age profile of the teachers was 37% 21-35 years; 43 % 35-45 years;
18% 45-55 years; 2% over 55 years. Ethnicity information was not gathered. Descriptive research
was used (Best 1970) as it is concerned with ‘practices that prevail ... how what is has influenced
a present condition.” Some quantitative data was gathered to give an overview of answers to some
questions; however qualitative research was the prime method used in order that discussion/com-
ments could be gathered to gain more in depth reasons for the teachers’ views. The teachers com-
pleted questionnaires before and after the course and all took part in semi structured interviews
and group discussions throughout the course. It was felt that these data gathering methods would
afford appropriate opportunities to gain insights into the teachers’ feelings, opinions and reason-
ing for the stance that they took in relation to D&T development in their schools. Taping interviews
would not have been practical in terms of the time it would take to transcribe for the size of this
project; instead notes were taken during interviews and discussions — identifying the key points.
Ethical considerations were taken into account (Robson 1993, Denscombe 2005). The teachers all
agreed to take part in the research and understood the way in which the research would be con-
ducted and findings disseminated and the anonymity of all personnel and schools connected with
the study was ensured.

Analysis and discussion of findings

In the first instance, all data was studied, cross referenced and then key themes identified in rela-
tion to the teachers’ own views regarding blocks that had prevented quality D&T from being identi-
fied in their schools. There were no significant differences in the way in which teachers gave their
comments based on region, age, experience, and gender. In this paper the three key factors that
teachers identified most often are discussed in detail, whilst the next 2 are identified, so that the
length of the paper is acceptable for the conference.

Understanding the nature of the subject

From the initial questionnaires, discussions/interviews, it was very apparent that over 0% of the
teachers had a limited understanding of the nature of D&T and this was supported by the work that
was being undertaken in their schools. The idea that user and purpose were at the heart of a D&T
project was not common practice in majority of the schools; children were taking part in craft ac-
tivities, or ‘appliance of science’ activities such as making a torch without designing, or with a user
or purpose in mind. After the course almost 100% of the teachers could see not only the true nature
of D&T but how they could adapt practice in their school to ensure quality provision. Majority felt
that this factor alone would make a huge impact on practice — it was the key factor.

Common quotes included ‘we make but we don’'t design and really there isn’t a user for the
product’; ‘we do skill activities and don’t have an end product very often’; ‘we have to fit the D&T
with History so it ends up with the children making a Tudor house or a Roman sandal which I can
see now is not D&T and not good History.’
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It may seem unlikely that after 20 years that an understanding of the nature of the subject was
missing. However the subject was new then in the primary curriculum and there has been lit-
tle Continuing Professional Development (CPD) over the years on a regular and sustained basis.
Unless the understanding is there, it is difficult to see how the subject can be planned for and
implemented. Furthermore, data that was gathered from 2 major projects - one with Foundation
Stage (3-5 years) practitioners (Benson, 2003, 2005, 2008) - and one with secondary teachers (11-18
years) (Benson, 2009) clearly indicated that there was still a lack of real understanding as to the
nature of the subject with practitioners. A popular misconception among both groups of practition-
ers was that making was at the heart of the subject and that, for example, designing, exploration
of materials, and evaluation was peripheral, if there at all. This finding was particularly surprising
in the case of secondary teachers, most of whom had studied the subject to degree level and were
teaching students to examination level in their schools. ‘Key essentials’ that should be included in
D&T have been identified and published (www.data.org.uk) so that there is a consensus that can
be used as a starting point and majority of the teachers identified these as being most helpful in
developing their understanding of the subject.

I would argue that it is equally important that primary aged children have a clear notion of the
subject. They need to understand its nature so they can engage in a more meaningful way with the
activities. Little has been researched about primary aged children’s perceptions of education and
D&T in particular but more recently there has been a realisation of the importance of understand-
ing, and taking into account, the children’s viewpoint. (Rudduck and Flutter, 2004 McIntyre et al,
2005; Benson and Lunt, 2007). Over 9o% of the teachers indicated they had not considered this
notion but that they would address this when creating their D&T development plan.

Teachers’ confidence in their subject knowledge

Almost all the teachers (98%) indicated that they felt that their lack of confidence in their own
subject knowledge including practical skills and the use of tools and equipment was a major block
to the development of quality D&T in their schools.

Quotes that exemplify their feelings include:

“I have boxes and boxes of stuftf and I don’t know what to do with it. If I don’t
know how can I help others.”

“I don’t have time to research the www for support for myself or for the staff’.
Where do I start?”

“I look at the catalogue and am not sure what to buy — do I buy bits and pieces
or a class kit? If it is a class kit how do we get the creativity?”

“What tools are essential? How do I get the knowledge to use them safely with
the children?”

After the CPD this had diminished to 16% but over 9o% felt that they would need to offer extended
CPD to staff in their schools. Only 5% had studied D&T in any depth in their Initial Teacher Train-
ing (ITT) course and majority had had so little that they had difficulty recalling what they had done
— even those who had recently graduated. It was evident that whilst the CPD may have enhanced
their confidence and knowledge they had to have time on their return to school to support others.
They felt that this was unlikely to be given even though D&T was in the development plan for over
70% of the schools. There were always other priorities such as an Inspection, Tests at7 and 11 years
or the high profile of literacy and numeracy.

From the time of the introduction of D&T into the English curriculum, there has been clear
inspection evidence (Office for Standards in Education (OFSTED), 1998, 2002, 2003, 2007, 11) of
the importance of teacher subject knowledge to enable the planning and delivery of appropriate
activities. OFSTED has identified the lack of subject knowledge as a key factor in the poor delivery
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of the subject in primary schools. Practitioners need the knowledge and understanding to be confi-
dent in their teaching. This issue is not confined to England. In a recent report (OFSTED, 2011) the
importance of teachers having appropriate knowledge and understanding was highlighted by other
countries such as Australia, Finland and Singapore. To be able to teach effectively, practitioners
need to feel confident that they are able to support in-depth learning, even in the Foundation Stage
(3-5 years). There is a need to be able to take learning further — taking into account the different
depths of learning at all ages and stages of development.

Planning the DT curriculum

Planning for D&T was the third key issue identified. Over 88% of the teachers indicated that their
schools were moving away from subject specific teaching and introducing theme or topic work or
the creative curriculum. There are no definitive definitions for these curriculum planning tools
but in general terms it meant that they were looking to plan a curriculum that made links across
the curriculum — albeit inappropriate in many cases. A few schools (6%) were making links but if
the link was not relevant then single subject teaching was planned for. The majority of teachers in
this research project had to ‘fit in D&T” to whatever topic or theme had been chose and this had led
to inappropriate D&T activity, particularly when linked to History. The user and purpose were not
identified and children were making history artefacts without understanding why they were doing
it and the purpose for the activity. A significant minority of teachers (24% of the 88%) indicated
that they understood that change was needed but that they felt there was little hope of making the
changes on their return to school. When the initial planning had taken place, comments such as:
“the children are making aren’t they” and “D&T links well with History as it is about products in
the past” had cemented the link and the teachers felt that more changes would not be welcomed.

At this time in England there is much debate about a new primary curriculum. The ‘Rose Re-
view’ (2009) renewed the debate and many schools took from this that a thematic/topic approach
was being favoured (McCulloch 2011). However, the review did indicate the importance of subjects
and the knowledge of these. Certainly Robin Alexander’s review (2010) of the primary curriculum
is being looked at favourably. Specialists are advocated, subject expertise really matters, and the
children’s voice is used. In Alexander’s review, the children identified their interest in pedagogy,
their desire to have teachers who know their stuff, who explain things in advance so they know
what a lesson is about, make sure the steps put in are not too large, and give the children records of
what they have learnt. At the present time English schools await the final new curriculum that the
Government is planning but how the curriculum will be delivered still appears to be in the hands
of individual schools. It appears unlikely that those who have already spent several years planning
a themed approach will change unless forced to and inappropriate links may remain. It should be
remembered that there is much research identifying the inability of pupils to make links across the
curriculum in terms of both knowledge and skills. (McCormick 2004).

The following two factors — Valuing the subject and attitudes were the next most commonly
identified.

Valuing the subject

From the data, particularly at the end of course, analysis indicated that whilst much finance and
time had been invested by the schools in course attendance over 60% of the teachers felt that they
faced a struggle when they returned to school to disseminate the changes that they felt were neces-
sary to improve D&T. Reasons for this were focused around the lack of commitment of the head to
develop D&T, lack of opportunities such as staff meetings and CPD sessions to offer support, and
a change in the school development plan. Teachers who thought that they would be able to bring
about positive change all indicated that the head’s support was an important factor in this.
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During the course 5% of teachers had undertaken D&T activities in different ways with parents.
They were all enthusiastic about the outcomes and felt that the parents were now much more sup-
portive of D&T. In one school parents were invited to see a presentation of a Y1 (5-6 year olds) pro-
ject on Playgrounds. Comments from parents included: “I would never have realised how much
thinking took place while she was making her slide; I thought it was just a few pieces of card put
together and painted brightly.” “I didn’t realise that he knew all those words about mechanisms
and he could make something that worked so well. He really had to think”.

Attitudes

The notion that it is important to foster certain attitudes in D&T grew during the course. Major-
ity of the teachers had been involved in the initiative ‘Social and Emotional Aspects of Learning
— (SEAL)’ (Humphrey et al 2008) and were integrating its principles into certain aspects of the
school curriculum. However none had identified D&T as a subject in which SEAL was crucial to
the way in which teaching and learning could be improved. It is vital that children feel able to take
risks, to communicate and to share ideas in a supportive environment, particularly in D&T as there
are no right answers. There are many solutions that can be considered the ‘best’ depending on the
criteria against which they are being judged (Humphrey et al 2008; Benson and Lunt, 2009). In
this supportive environment it is then possible for children to work together with others to share
ideas and then to either continue on their own path or work together to a common solution. Previ-
ous research has shown the importance of SEAL in D&T (Benson and Lunt, 2009).

Addressing the issues

The following are some possible key actions that could be taken to address the issues raised. They
are organised to indicate how actions need to be taken at different levels — it is not just the practice
of the teacher in the classroom that would lead to the development of good practice in primary
D&T. Funding will always be an issue but it is vital to have a vision and a game plan that can be
gradually, successfully undertaken.

The teachers

They agreed that for example, more money and equipment would always be useful, more refined
ways of assessing the pupils would help them to progress more rapidly, and more time allowance
in the curriculum would enable more in depth projects to be undertaken. However, over 9o% of
the teachers felt that if the first three issues were addressed then improvements in D&T in their
schools would be significant. Quality CPD was essential and it should be mainly face to face.

At a school level

Head teachers/principals need to understand and be supportive of the subject if it is to flourish in
a school.

There needs to be a clear understanding of what has gone before and what comes after each
stage/phase of education (Capel et al 2003; Hargreaves and Galton 2002). This can be achieved
through liaison (face to face and electronically), visits to different schools, reviewing resources
including websites and publications and auditing the children through a short activity or project
as they move from phase to phase. Secondary teachers would have a role to play in supporting
their primary schools in ways that are most appropriate for them. There needs to be a mechanism
whereby all practitioners have a clear understanding of the subject, whole school planning can take
place, expertise is shared, and practitioners can readily access support materials and resources dur-
ing the planning and delivering of activities.
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In the wider community

It should be remembered that many adults will not be familiar with the nature of the subject.
Parents may not have studied D&T in their primary school; those in business and industry can be
confused and think the subject is linked to computers, or manufacturing.

Parent workshops, leaflets, displays in local community buildings and shopping malls have all
proved useful in helping understanding. Invitations to local businesses, industrialists, and retail-
ers to support challenges, to attend D&T events may stimulate interest and action.

At a national level

There needs to be a real understanding of the nature of the subject, the realisation of its value and
a commitment to producing documentation that is clear, relevant and is not in a state of constant
change. There need to writers/consultants that have a good understanding and experience of pri-
mary education and teaching, and practitioners need to be involved.

There needs to be a national programme of CPD that all schools can access, some of which
should be face to face and include practical skills development.

There needs to be an active National Association (or equivalent) that can update, provide sup-
port and act as a sounding board at a national level.

Inspectors need to have a clear understanding of the nature of the subject in order that they
can provide accurate and supportive ways to take forward schools and provide a national picture of
D&T education.

Final thoughts

It may seem as though achieving quality D&T in all schools is an impossible task but it is possible,
with appropriate support and enthusiasm from practitioners and heads. Although this small scale
research has shown some of the stumbling blocks teachers have identified, in the recent OFSTED
report (2011) in England it was exciting to see the improvements in primary D&T where teaching
in design and technology was good or outstanding in seventy two percent of the schools visited
and in none of them was it less than satisfactory. A decade ago over half the teaching was deemed
to be satisfactory, unsatisfactory or poor. Children’s achievement was good or outstanding in three
fifths of the schools visited. It is a tribute to the tenacity and resourcefulness of primary teachers
that these improvements have been secured, often with very limited training opportunities and
resources.
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Abstract

The aim of this paper is to describe the first cycle of a learning study in technology education, using
a hands-on material, in a Swedish preschool class, i.e. pupils at the age of six. The study was con-
ducted by three teachers and two researchers during fall 2011. Within a learning study, the pupils’
learning is in focus in order to find out the opportunities and obstacles in teaching. The teachers
and researchers are working in close cooperation when planning, observing, analysing and revis-
ing a specific lesson in which a specific learning object is dealt with. The learning study described
in this paper, was carried out with starting-point in the revised Swedish curricula, launched in fall
2o1. The results show that the use of a hands-on material may obstruct the view of the learning
object, if the pupils are not able to manage the material. The results also indicate that an unsup-
ported practical oriented task could prevent the intended learning object to appear for the pupils.

Introduction
Current research shows that a learning study is a vehicle to enhance pupils’ learning (Lo, 20009;
Marton & Morris, 2002; Marton & Tsui, 2004). When conducting a learning study the focus on pu-
pils’ learning is of central importance. How does the teaching facilitate, or prevent, the possibilities
to learn? Through conducting the learning study our intention was to 1) implement a learning goal
in technology from the new syllabus implemented in Sweden during fall 2011 (Skolverket, 201)
and 2) improve teaching and thereby enhance the pupils’ possibilities to learn a specific learning
object. The indirect object of learning in this study was the ability to use strength in own constructions
(bridges) and the indirect object of learning is framed structures.

Moreover, both pupils’ and teachers’ knowledge as well as the researchers knowledge about the
teaching, learning and understanding of the chosen learning object were expected to improve dur-
ing the learning process of working as a team in a learning study.
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In this paper we aim to describe how the first cycle of a learning study was carried out in a pre-
school class. This is the first learning study of three, to be conducted in three different age-groups,
in order to study the progression of a learning object in the new syllabus for technology education
implemented in fall 2011.

Learning studies

An overall purpose with the learning study approach is “to generate data that enable us to estab-
lish the relationship between teaching and learning” (Pang & Ling, 2011), i.e. “to help teachers to
help students learn the object of learning” (Ling & Marton, 2012 p. 8). Lo (2009) gives an overview
of the development of the learning study approach in Hong Kong as from the late 1990s, as the
very first learning study was carried out in Hong Kong in 1999. The first ones were conducted in
mathematics, Chinese language and English language, but cover most school-subjects today as
well as various levels of the school curriculum. Those learning studies show the significance of the
specific classroom research model, which can be summarized as follows:

The teacher learning takes place in their own practice, where the aim is to help the pupils to
learn what is intended to learn and “the learning study always takes the object of learning as the
point of departure” (Lo, 2009 p. 177)

Since the teachers work in close cooperation with researchers, and thereby work as researchers
who generate knowledge about their own practice, “the theory-practice gap, which has led to the
failure of many attempts to change classroom practice, disappears” (Lo, 2009 p. 177).

The learning studies have resulted in pupils’ improved learning (Ling & Marton, 2012). The
learning studies have also contributed to the teachers’ professional development and the learning
of researchers (ibid.). Like in Hong Kong, several learning studies in Sweden have focused on (the
Swedish) language (Gustavsson, 2008) and mathematics (Kullberg, 2010; Runesson, 1999; Wer-
nberg, 2009) in compulsory school, but also in biology (Vikstrém, 2005) and technology (Bjork-
holm, 201) in compulsory school and in economy in higher education (Rovio-Johansson, 1999).
The results of these studies show the similar result as in Hong Kong, i.e. that the variation of the
critical aspects plays a crucial part in whether the pupils learn what the teacher intended them to
learn (Lo, 2009; Marton & Morris, 2002; Marton & Tsui, 2004).

The predominant studies concern mathematics and language, and thus the research overview
points at a need of conducting more learning studies in other subjects, like for example technology
in the Swedish compulsory school.

Method
In the light of the results from the body of current learning studies, there is an assumption that
teaching will improve and the pupils’ possibilities to learn thereby will enhance when carrying a
learning study through. Therefore, our intention is not to examine if the teaching will be improved,
but rather to examine in what way a learning study may be implemented in technology education,
using a hands-on material. The hands-on material used in this study was 4DFrame, a teaching ma-
terial, which was invented in South-Korea about ten years ago (Hedkvist Manninen, 2010). The ma-
terial contains of a variety of connectors and tubes, which are
combined to polygons, or any other structures (see for example
figure 1), and different kinds of models with moving parts, like
cars, airplanes, windmills and waterwheels.

Figure1 4DFrame structure
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The teachers in this study have used 4DFrame in their teaching for about two years and have both
received training in the material and also themselves been in charge for in-service training.

Pang and Ling (2011) emphasize two important elements in the learning study approach. The
first one is the distinct focus on the object of learning, i.e. to identify what the pupils should learn
and the critical aspects that they must discern in order to understand the intended object of learn-
ing. The learning object has two aspects, the direct and the indirect. The direct object of learning is
the content intended to learn and the indirect object of learning is a certain skill, value or capability
that the pupils are supposed to develop.

The learning study approach follows the steps typical of an action research process (Pang &
Ling, 20m). The different steps we have conducted are as follows:

« defining the learning object

« finding out the pupils’ experiences of the learning object

« designing the research lesson(s) of the learning object

teaching the research lesson(s)

evaluating the research lesson(s) and identifying the pupils’ learning problems

adjusting the research lesson(s) based on the results (compare e.g. Marton & Ling, 2007).

These steps, i.e. the learning study cycle may be repeated in as many groups of pupils as necessary
in order for the teachers to find out the necessary conditions for the pupils’ discernment of the
critical aspects of the learning object. In our project we are going to conduct three learning studies
in three different classes (see figure 2) with the overall purpose to examine in what way learning
studies may be implemented in technology education. In this paper cycle 1 in the preschool class is
described (see the arrow in figure 2). As figure 2 shows, each class is divided in three groups of
pupils.

The learning object

Fall 2011 Spring 2012 Fall 2012
Preschool class Class 4 Class 9
Cycle 1 Cycle 1 Cycle 1
Cycle 2 Cryele 2 Cycle 2
Cycle 3 Cycle 3 Cycle 3

The progression

Figur 2 The timeline of the project
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Data for this study was collected through a videotaped research lesson as well as pre- and post-
tests. The pre- and post-test involved the pupils to build models of bridges of the hands-on material
4Frame, sitting together in a classroom, followed by individual interviews. In our learning study
we conducted three cycles, and in this paper one of them is accounted for, including seven pupils.

Results
The learning study followed the different steps described above and the following section describes
the realization of the first learning study cycle.

The indirect object of learning in this study is the ability to use strength in own constructions
(bridges) and the indirect object of learning is framed structures. The focus on these objects of learn-
ing was a result of the reading of the new steering document. The chosen objects of learning was
also a result of the teachers’ earlier experiences of pupils’ difficulties in building solid construc-
tions in general, but with 4Dframe in particular. Since they are working a lot with fairytales in the
preschool class, it was decided to frame the learning object within the story about The Three Billy
Goats Gruff. The pre-test comprised to individually build a bridge of 4DFrame, to the goats, and try
the strength by hanging a weight on the bridge (see figure 2).

Before the pre-test the teacher read the story about The Three Billy Goats Gruff to the pupils and
ended the story when the goats had walked over a bridge to graze on a meadow with green grass.
She told them that there had been an accident, the bridge that the three goats had to walk over to
come back to their home had broken, and invited the pupils to help the goats by, individually, build
a bridge of the hands-on material 4DFrame.

When all pupils had finished their bridges, in-
dividual interviews about their constructions
were conducted. These interviews constituted
the pre-test and aimed at revealing pupils’
conceptions about the chosen learning object.
Consequently, in the pre-test we asked the pu-
pils questions about their use of geometrical
objects and if they knew what framed structure
is and they tested the solidity of the bridge with
a weight (see figure 3).

When analyzing the interviews we found
that the pupils had difficulties in discerning
the geometrical objects as crucial for strength.
Therefore, the difference between a triangle
and a quadrilateral was chosen as a critical
aspect to focus on in the research lesson, that
was taught three weeks after the pre-test.

Figure 3 The solidity of the bridges were tested by a weight

During the research lesson the teacher built a framed structure (triangle) and a square of 4DFrame
and contrasted the strength of the two geometrical objects in two different ways, by:
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1) moving the tubes back and forth — the tubes at the framed structure hardly moved, but
the tubes in the square did

2) hanging a weight that showed that the framed structure did not change shape, whereas
the square did.

The teacher encouraged the pupils to stand on the floor with the legs wide open, so a framed struc-
ture was formed of the legs and the floor, and the arms at their hips so there became two more
framed structures:

Let us pretend that the wind blows. (They blow with their mouths.) And now you try to keep
your balance and that is working great when you are standing like this. Maybe we are in a boat,
and the boat is rolling back and forth, but we are able to keep the balance.

Then the teacher contrasted the framed structure with a linear form, by asking the pupils to put
their legs together:

Ifwe are standing like this (she put her legs together) and letting the arms hang downward, and
then the wind blows and the boat is rolling. (The teacher and the pupils tipped over, some of
the pupils even fell on the floor.)

Directly, after the research lesson the pupils were asked to build a new bridge followed by an inter-
view. One of the pupils was absent at this occasion, so there were six pupils. When looking at the
bridges it is obvious that th