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This Handbook of Technology Education is the first on technology in the prestigious
Springer series of educational handbooks. That means it is a milestone publication
for the field of technology education, as Springer is a highly respected publisher and
the handbook series for many years already had volumes on science and mathemat-
ics education. The fact that there is now a volume on technology acknowledges that
technology education has matured to the level where a handbook like this can be
produced. This does not mean that 2017 is the year in which technology education
can claim this maturation for the first time. There was an earlier Handbook on
Technology Education Research and Development, published by Sense Publishers
in 2009. There are two good reasons to have a new handbook now. In the first place,
2009 is eight years ago and a lot has happened since then. The Sense handbook is not
outdated in that the information it contains is no longer relevant, but it does not
contain recent developments and debates. Secondly, for the visibility of the field of
technology education, it is important to have a volume in the well-established and
respected handbook series by Springer. For a long time already, Springer has been
committed to technology education by publishing the Infernational Journal of
Technology and Design Education since 1990. The fact that Springer now has a
technology education volume in the handbook series confirms this commitment.

That technology education can be said to have mature to a certain extent, but
perhaps not always to the extent that other school subjects have evolved, can be read
from this handbook also. Some topics are obviously missing and the reason for that
is that it appeared not to be possible yet to find a critical mass of research to be
surveyed in a handbook chapter, and mostly this meant that it was also not possible
to find an author for that topic. Particularly, the final section is rather thin, more than
it would have been for science or mathematics education. Some other examples are:
the relation between technology education and mathematics education, biotechnol-
ogy in technology education, and teachers’ concepts of technology (education).
Hopefully, a second international Handbook of Technology Education will fill
those gaps when more studies on those topics have become available.

It was a pleasure for me to work with seven colleagues who served as part editors
and whom I have learnt to appreciate so much in the years that [ know them and have
worked with them. My respect for them has increased even further during the
process of editing this handbook together with them. Many thanks for the excellent



Vi Preface

work (in the order of their parts), John Dakers, John Williams, Moshe Barak, Wendy
Fox, John Ritz, Kay Stables, and Steve Keirl. It was great working with you (again).

This was not my first experience in working with Springer. Once more, I am
impressed by the high level of professionality with which the process of publishing
with them is supported. Thank you, Bernadette Ohmer, Marianna Pascale, Mokshika
Gaur, Sindhu Ramachandran, Audrey Wong, and all the other Springer people
whose names I never got to know but who did their work in the background to
realize this publication.

Many thanks of course to all authors. Several of you met a new side of me, as you
have found out how persistent I can be when it comes to deadlines. Apologies for
being very “pushy” at times. Thanks for delivering high-quality texts. Together we
have made a very good publication.

January 2017 Marc J. de Vries
Delft
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John R. Dakers

Abstract

Since the second world war, technical education was, and I would argue still is,
considered to be vocational in nature. Formerly, technical education was consid-
ered to be a training ground for boys who were considered to be less academic as
informed by an intelligence test administered at age eleven. Girls were also tested
and similarly, those who failed the test were streamed into the study of domestic
science, a vocational training for their futures as housewives and mothers. This
ideology followed the basis of the academic — vocational divide or the Cartesian
brain versus the body debate. Alas, these debates continue in a variety of formats
to this very day, albeit politically nuanced in the actual delivery of a more
sophisticated school system. The delivery of Technical education today has
undergone a metamorphosis into what we now recognise as Technology educa-
tion. However, many would argue that technology education continues to lack a
critical and philosophical perspective as stated by Goodman:

Whether or not it draws on new scientific research, technology is a branch of moral
philosophy, not of science. [ ... ] Technology must have its proper place on the faculty as
a learned profession important in modern society, along with medicine, law, the human-
ities, and natural philosophy, learning from them and having something to teach them. As
a moral philosopher, a technician should be able to criticize the programs given him to
implement. As a professional in a community of learned professionals, a technologist
must have a different kind of training and develop a different character than we see at
present among technicians and engineers” (Goodman, 2010: 40-41)

The following chapters in this section offer a variety of critical and philosoph-
ical perspectives on the technology education.

J.R. Dakers (<)
Delft University of Technology, TUDelft, The Netherlands
e-mail: dakers@orange.fr

© Springer International Publishing AG 2018 3
M.J. de Vries (ed.), Handbook of Technology Education, Springer International
Handbooks of Education, DOI 10.1007/978-3-319-44687-5_67
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Introduction

First published in 1970, Paul Goodman offers a somewhat prescient perspective that
serves to reveal, in succinct terms, that the content of technology education needs to
transcend the mere provision of vocationally orientated skills, which tends to
continue as the dominant orthodoxy today. In the evermore technologically textured
world we now inhabit, the delivery of technology education at all levels, including
the concept of STEM education (science, technology, engineering, and mathemat-
ics), must, for Goodman, include the development of critical and philosophical
competencies, competencies that are not considered to be separate, distinct, and
different from other curriculum subjects, but are, rather, considered as integral and
complementary to them.

Considering technology from this standpoint is not a recent phenomena. It can be
traced back to the ancient Greek philosophers such as Plato (Laws) and Aristotle
(Physics). Plato, for example, argued that technology imitates nature: modern
example being airplanes imitating bird flight. However, Aristotle, his former student,
disagreed. Aristotle made an ontological distinction between nature and technology:

the former have their principles of generation and motion inside, whereas the latter, insofar
as they are artifacts, are generated only by outward causes, namely human aims and forms in
the human soul. Natural products (animals and their parts, plants, and the four elements)
move, grow, change, and reproduce themselves by inner final causes; they are driven by
purposes of nature. Artifacts, on the other hand, cannot reproduce themselves. Without
human care and intervention, they vanish after some time by losing their artificial forms and
decomposing into (natural) materials. (Franssen et al. 2015)

These ancient examples of competing philosophical perspectives on technology,
as well as the many contemporary debates offered today, such as those offered in this
section, serve to continue to challenge the received wisdom of the day regarding the
relationship between the development of human beings and their technologies.
According to Henry Bergson’s writing in 1911, the development of human intelli-
gence and creativity is, and continues to be, a direct result of this interaction:

If we could get rid ourselves of all pride, if, to define species, we kept strictly to what the
historic and prehistoric periods show us to be the constant characteristics of man and of
intelligence, we should say not Homo sapiens, but Homo faber. In short, intelligence,
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considered in what seems to be its original feature, is the faculty of manufacturing artificial
objects, especially tools to make tools, and of indefinitely varying the manufacture. (Bergson
1998: 139)

While philosophical issues relating to technology have been debated for
millennia, the concept of a distinctive philosophy of technology is now an
established academic domain, albeit as a relative newcomer. Marc de Vries explores
this in some detail in his chapter General Introduction. He explores the progress of
the philosophy of technology in terms of its conceptualization. Drawing particularly
from Carl Mitcham’s Thinking Through Technology and the Philosophy of Technol-
ogy and Engineering Sciences edited by Anthonie Meijers, de Vries explores the
relationship between engineering and technology as well as the natural sciences.
However, he does make some important distinctions between technology and
science, especially in terms of modeling. This leads on to a discussion regarding
the importance for an ethical dimension being a necessary part of the learning
process about technology. This is especially true with regard to designing where
value-laden judgments become a relevant focus. De Vries concludes by postulating
on the future role of philosophy in relation to technology education.

In my own chapter entitled Nomadology, a lens to Explore the Concept of
Technological Literacy, 1 attempt to fuse the concept of what the French philoso-
phers Gilles Deleuze and Felix Guattari call nomadology, with the philosophy of
Célestin Freinet, a French educationalist and philosopher who believed in a more
student-centric form of pedagogy. In so doing, I attempt to open up a discussion on
the concept of technological literacy as a necessary component in the teaching and
learning that is related to technology. I argue that there is much more to technology
education than the mastering of technological know-how and the techniques asso-
ciated with the fabrication of artifacts. Considered thus, technology cannot be
autonomous, it is, rather, part of a more complex network of relationships that
include social, economic, political, cultural, and philosophical discourses that both
affect human beings and is affected by human beings.

Joseph Pitt questions why we do not examine the relationships between the
curriculum subjects that are taught in both schools and beyond. In his chapter,
Teaching Science and Technology, he suggests that in order to understand technol-
ogy, one needs to develop a deeper understanding as to how the related historical,
cultural, religious, and social aspects are intertwined and how these relationships
impact upon technological development and each other. Pitt also goes on to question
the merits and funding of the concept of “big science and technology.” He argues
that this concept has difficulty in articulating with current theory. Clearly, this
presents problems for the teaching of science and technology.

The chapter From Crit to Social Critique by Stephen Petrina considers the extent
to which students’ critique of their own design projects within the school setting
transfers beyond the school and into the social. Petrina explores the philosophical
question of whether school-based technology education critiques, which tend to be
based upon self-reflection, enable students to develop a critical capacity that is
transferrable to the social. This has a significant impact, Petrina argues, upon the
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pedagogy utilized in the delivery of technology education. Social critique involves a
significant ethical dimension, which engenders conflicting perspectives relating to
technological development in the social arena. Conflicting perspectives relating to
environmental, feminist, indigenous, and spiritual issues for example. His chapter
reveals the complexities associated with the transition from crit to social critique.

Dennis Cheek considers the long-standing interrelationship between technology
and religion in his chapter Religion and Technology. He discusses a variety of
evidence, some of which dates back to Paleolithic times, that demonstrates this
sometimes fragile, but demonstrably, long-standing union. Cheek argues that this
relationship has implications for technology education. Religion can hinder techno-
logical progress as well as assist in its development depending upon personal
perspectives. Both religion and technology seek, or so they claim, to solve problems
which meet the needs of and improve the human condition. Both have established an
evolving theories and practice, and both form a complex network of relationships
with culture, politics, and philosophy. While Cheek offers many well-established
examples of this interrelationship, he goes on to question why it is that there exists a
lack of materials and engagement about this dynamic between religion and technol-
ogy within school settings.

Conclusion and Future Directions

While these chapters consider the philosophy of technology and engineering from
different perspectives, some common themes can be seen to emerge. Technology,
and ipso facto technology education, is a complex area to study. The interrelation-
ships between discourses surrounding technology and the social, economic, politi-
cal, cultural, religious, and philosophical serve, not only to reveal this complexity
but also to highlight the ethical dimensions associated with the development of
technology.

Given the technologically textured world we now inhabit and the one in which
future generations will continue to inhabit, the subject area of technology education
needs to develop a critical and philosophical perspective in those who study the
subject. It is crucially important that as technology develops at an almost exponential
rate, one that seriously impacts upon our very existence, we need to enable a more
informed and critical citizenry in the future.
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Marc J. de Vries

Abstract

Main themes in current philosophy of technology are the nature of technical
artifacts, the nature of technological knowledge, the nature of models in technol-
ogy and engineering, and norms and values in technology. These are studied in
the context of an “empirical turn” that took place in philosophy of technology. A
next step in this discipline will probably be an axiological turn.
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Although the philosophy of technology was a relative latecomer in the philosophies
of specific human scientific and cultural activities, it has become a well-established
academic domain. It aims at systematic reflection on technology. The purpose of
such reflections can be purely theoretical, but philosophers of technology also try to
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be in contact with practitioners in technology in order to find out what conceptual
and critical analyses can be of use for them. Technology educators also are potential
users of their work. The aim of this chapter is to provide a concise survey of what has
been developed so far in the philosophy of technology in terms of ideas about the
nature of technology. Introduction of philosophy of technology is often based on the
fourfold ways of conceptualizing technology as presented by Carl Mitcham in his
well-known book Thinking Through Technology. Because several such texts exist
already, I will use a different basis for a survey of the philosophy of technology,
namely, the Handbook Philosophy of Technology and Engineering Sciences, edited
by Anthonie Meijers. This handbook is more recent (2009) than Mitcham’s “classic”
book (1994), so it provides a more up-to-date overview of where philosophy of
technology stands now.

There are clear communalities between Mitcham’s four ways of conceptualizing
technology and the section headings in Meijers’ Handbook. Mitcham identifies the
following four ways of thinking through technology as a set of artifacts, as a
knowledge domain, as a set of activities (designing, making), and as a feature of
humans and society (“homo technologicus,” the “technological society’’). Both
Mitcham and Meijers have artifacts, knowledge, and design as major structuring
elements in their surveys. The fourth Mitcham element (the human and social
dimension) are also present in Meijers’ Handbook but more focused on ethics and
values. Meijers has a separate section that is dedicated to models in engineering,
which is an issue that Mitcham did not pay much attention to, and understandably so
because in 1994, not much had yet been published about that in the philosophy of
technology. Also new in the Meijers Handbook is the extensive attention for
engineering sciences. Mitcham did write about the relation between technology/
engineering and natural sciences, but not much about the nature of engineering,
which, again, is a matter of timing, as the philosophy of engineering science is one of
the latest developments in philosophy of technology.

Following Meijers division in sections, I will present the survey of philosophy
of technology for this handbook in the following way: I will first discuss the
struggle to define technology, engineering, and engineering sciences. Then I will
continue with a more or less “standard” element in the philosophy of technology:
the reflections on the nature of technological knowledge. I will skip the reflection
on the nature of artifacts (particularly the dual nature approach as developed in
Delft, the Netherlands, as that has already been described extensively elsewhere).
As suggested by the Meijers Handbook, I will pay separate attention to models and
modeling in technology. Modeling is also one of the most prominent concepts that
came out of a Delphi study into relevant concepts for technology and engineering
education. Then the ethical issues will be discussed, starting from reflections on
technological normativity in general. In the final section, I will briefly indicate how
the future of philosophy of technology would fit best with the needs of technology
education.
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Defining Technology and Engineering

In his introductory chapter for the Handbook of Philosophy of Technology and
Engineering Sciences, Anthonie Meijers shows that both the term “technology”
and the term “engineering” originate from words that indicate a practice-oriented
type of knowledge. The Greek word téyvn in Plato’s later works referred to
knowledge related to making. The Latin word ingenera meant to generate or
produce, and the term “engineering” indicated the discipline of generating or
producing (Meijers 2009). In the course of time, the notions associated with
these terms have shifted. Technology is generally seen as the development and
use of the enormous variety of artifacts and systems that we find around us. The
impact of this on our lives is so important that we speak of “technological literacy”
as a requirement for every citizen that should be learned at school. Not all people,
though, need to be educated in technology in order to participate in the develop-
ment of new artifacts and systems. That is, not all people need to become engi-
neers. Engineering is nowadays seen as the professional domain related
to technological development. Another related term is engineering sciences. That
is the systematic acquisition of knowledge that is needed for engineering. Engi-
neering sciences are similar to natural sciences in that they have processes for
assessing whether or not the produced knowledge can be regarded to be “scien-
tific.” But in the natural sciences, the main criterion is the likeliness between the
developed knowledge (in the shape of formulas, theories, and models) and the
observed reality (“truth”), and in engineering sciences, the main criterion is
“proven usefulness.”

Apart from these theoretical perspectives on technology and engineering, there
are general perceptions of what they are. Carl Mitcham has presented a set of four
different ways in which people can perceive technology (Mitcham 1994). This set
has been used widely by other philosophers of technology and in the context of
technology education. The way of seeing technology is as the whole collection of
artifacts and systems around us. When we say that we use “technology” to commu-
nicate, move around, prepare food, etc., then in fact we mean all these artifacts and
systems. The second perspective is that of knowledge: technology as something you
can learn and study. For a long time, the “technology as applied science” paradigm
has blocked our view on this perspective. Now we realize that technology does have
its own knowledge content and there is more at stake than just applying the
knowledge that science has produced. The third way of seeing technology is that
of processes: technology as something you do. This comprises designing/develop-
ing, making/producing, and using/evaluating. The fourth perspective on technology
is that of the human and social value we see in changing the world around us:
technology as something that you are (“homo technologicus™). This is where ethics
of technology enters the scene. It is also the way STS (science, technology, society)
studies perceived technology.
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Technological Knowledge and Relations with Natural Science

In his contribution on the nature of technological knowledge in the Meijers
Handbook, Wybo Houkes gives a survey of the problems one runs into when
trying to identify distinct characteristics of technology (Houkes 2009). Meijers
and de Vries in the Companion to Philosophy of Technology, edited by Jan Kyrre
Berg Olson and others, list four of such possible characteristics (Meijers and de
Vries 2009): (1) the context-dependent nature of technological knowledge, (2) the
often nonpropositional nature of technological knowledge, (3) agreements as an
origin for technological knowledge (e.g., agreements on technical standards), and
(4) normativity in technological knowledge. The last-mentioned feature is one
that Houkes sees as perhaps the most promising for being distinctively techno-
logical and different from science knowledge. Normativity features in various
forms: in technical standards, rules of thumb, good practices, and also functions.
Functions are particularly interesting as they play a key role in engineering and
have a normative nature in that they do not describe what the artifact actually does
but what it should do. A car has the function of bringing me from A to B, even
when it is in the garage for repair and cannot bring me from A to B. If the notion
function was descriptive, the broken car would have lost its function, but due to
the normative character of functions, it has not. This normativity is related to the
context relatedness that is claimed by Meijers and de Vries, as what is useful in
one context may not be in a different context. Also the notion of agreements as a
source of knowledge is related to this normativity and what should be can be
agreed on freely, as an agreement on what is should always be based on a
discussion in which arguments about the fit between the claimed knowledge and
reality is crucial. So the normativity in technological knowledge seems to be a
core feature in knowledge that is present in technological knowledge and not in,
e.g., natural sciences.

Normativity also features in reasoning in engineering. Reasoning is an epistemic
activity that is very important, both in natural science and engineering. Much reasoning
in natural sciences is cause-effect reasoning. That is the type of reasoning that enables a
scientist to derive from a hypothesis what will happen in an experiment if the hypoth-
esis is correct. It runs like: if I switch on the experiment, then this and that will happen.
In technology this type of reasoning is also used, namely, to derive from the realized
product or prototype what its behavior will be when I put it into use (switch it on or
whatever). In other words: the functioning of a device can be derived from its physical
realization by cause-effect reasoning. Note that this is not the same as its function. I can
derive from the physical realization of an old-fashioned light bulb that it will generate
both light and heat when I switch it on. That is its functioning. But that still leaves the
options of using it primarily as a light source or a heat source. To identity relations
between physical realization and function, I need a different type of reasoning: means-
ends reasoning (Hughes 2013). This type of reasoning is not deductive like cause-effect
reasoning mostly is, and therefore it is not one to one (one functioning uniquely related
to one physical realization). For one means, I can think of different ends, and for one
end, I can think of different means. Means cannot deductively be derived from ends and



2 Philosophy of Technology: Themes and Topics 1

vice versa. Means-ends reasoning does feature also in natural sciences but in a different
way. Explanations (“theories”) cannot be deductively derived from phenomena and
vice versa. That can be understood when we realize that in fact theories are a sort of
equivalent of artifacts in science: they are human constructs for a certain purpose
(explaining the observed phenomenon).

Models and Modeling

As Sjoerd Zwart in his introduction to Part IV of Meijers’ Handbook indicates,
modeling in engineering has a characteristic that makes it different from modeling in
natural sciences: the purpose of contributing to the development of new artifacts and
systems (Zwart 2009). In natural sciences, models only play a role in developing
knowledge about reality (as it is, not as we would like it to be, as in technology and
engineering) (Zwart 2009). In natural science, models can even be a goal in themselves
because they provide an understanding of reality, at least in a simplified version (but
this is always the case in natural science). In engineering, models always feature in the
process of technological innovations, but still they can have different functions,
depending on the phase in which they feature. In the early phase of design, engineers
can use, for instance, conceptual models of an artifact-in-design, like a system
representation. Such a model helps designers to figure out the structure of the system:
how should different components be related so that the system as a whole will fulfill
the overall function? Also for planning the whole design process, a conceptual model
can be used. Such a model represents the consecutive phases of the design process.
Later on in the design process, models can be used to communicate with customers
and/or users. Architects, for instance, make a physical model of a house to demonstrate
to the client what the house will look like. Physical models can also have a more
dynamic character. Sometimes engineers want to show the functioning of a device-in-
design, and they make a model that contains not just the shape of the device but also
can fulfill its function (though often in a simplified mode). For simulating the
functioning of an artifact-in-design, also formal models are used. These models consist
of symbols. Those can be the 0’s and 1°s in a computer model, but also formulas are an
example of formal models. In engineering we find formal models in the form of, e.g.,
CAD and CAM models, FEM models, and numerous other models in which a process
is simulated in a computer. FEM models are an example of a model that heavily leans
on natural science models. The behavior of, let us say, an engine-in-design is simulated
in a FEM model by using the formulas for relations between stress, heat, and forces as
they have been found in natural science.

An important feature of models in engineering is that they can have a normative
character: they do not represent a simplified version of the world as it is but as how
we want it to become. In fact, this is the way we use the term “model” sometimes in
daily life also: a “model” teacher or pupils. By that we mean a teacher or pupils as we
would like them all to be, even if that model does not even refer to a real teacher or
pupils, but one that we imagine. In engineering models, normative models are
widely used. Some examples were mentioned already before: the model that
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represents a system-in-design and the model of the “ideal” design process. This
normative character of models is related to the normativity that also features in
engineering knowledge. Boon and Knuuttila call models “epistemic tools” (Boon
and Knuuttila 2009; see also the section on technological knowledge in this chapter).

Modeling is the process of creating a model. Almost by definition, this process
entails abstraction. This term literally means peeling off, and it is used to indicate
that certain aspects of a situation are left out. In a certain way, this is the very basis of
any type of science: by focusing on one aspect of reality (e.g., the physical aspect,
the economic aspect, or the social) and leaving out all others, a scientific discipline
can investigate that aspect in depth without being “distracted” by the other aspects.
Also within a scientific aspect, abstraction takes place, for instance, when friction is
left out. Leaving out whole aspects of reality is done also in engineering sciences but
less so than in engineering. This is because leaving out aspects of reality is not
problematic for just studying the situation, but it will be when we want to interfere
with reality, because then all the aspects of reality need to be taken into account as
they all play a role in the failure or success of the product. An engineer cannot afford
to focus only on the physical aspect of the artifact (s)he designs, as it can only be
successful if it does not only fit with the “laws” of the physical aspect of reality but
also with the constraints that are generated by the psychic aspect (how users will
perceive the artifact), the economic (what they are prepared to pay for it), and the
legal (is there a patent that can be infringed?), just to mention a few of the other
relevant aspects. This is why engineers in particular have to be aware of the
differences between their models and the real world. An example of this is using
model airplanes in a wind tunnel. In reality the ratio between the size of the air
molecules and the plane is different than in the wind tunnel situation as the plane is
much smaller and the air molecules have their normal size. In choosing what from
reality to keep and what to leave out in the model, analogies play a role. Analogies
are certain features in reality that are kept in the model, while others are left out. An
electric circuit can be used as a model for a water circuit as it has elements that are
analogous to those in the water circuit (e.g., a battery in an electric circuit is
analogous to a water pump in the water circuit). Engineers can use such analogies
to develop models. Different types of analogies can be distinguished. The function of
a part in a device can be analogous to a part in a different device (as in the example
with the battery and pump). But also the shape of a part can be analogous in that of a
different part. For instance, the shape of a wheel is analogous to the shape of a
CD. That creates the possibility of modeling a car by using CDs instead of real
wheels. Also the configuration of a system can be analogous. The configuration of an
electrical circuit (with a battery, a switch, and some resistors can be analogous to a
central heating system with a water pump, a water switch, and radiators).

Apart from abstraction, idealization is a tool for modeling. Idealization is not
leaving out something but changing (usually changing something irregular to some-
thing regular). This is what engineers do when they go from a measured curve in a
graph to one that fits with a mathematical formula. This approximation enables them
to use mathematics to manipulate the data and make predictions. Idealization for
modeling purposes often builds the bridge between data and mathematics.
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Norms and Values

Traditionally, ethics has been an important domain within the philosophy of tech-
nology. Particularly philosophers in the Continental line have contributed to this.
Prominent names are Don Thde, Andrew Feenberg, Albert Borgmann, and Langdon
Winner. Their ideas have been described in previous reviews of philosophy of
technology literature (Vries 2016; Verkerk et al. 2016). Ethics is the field where
norms and values play a dominant role. As Van de Poel argues in his introductory
chapter to the Norms and Values section in Meijer’s Handbook, there are several
ways of showing that technology is inherently value laden. Perhaps the most basic
way is to claim that proper functioning is a value in itself. But most philosophers see
that as a variant of the claim that technology is in fact neutral and that it is the user
who determines for what values artifacts are used, for good, or for bad purposes.
Obviously stating that the drilling machine functions well is a value statement. But it
is still way from what non-philosophers tend to see values, namely, ethical values.
Perhaps the small distance between the functioning value and the ethical value can
be illustrated by asking the question what it means when we say that “this is a good
car?” It can have a purely functional meaning: it is suitable for bringing me from A to
B. But the way the car does this is not far from this meaning: it may be good in
bridging the distance, but I feel totally shaken when I exit the car again. So comfort
may also be seen as part of the claim that “this is a good car.” But that is not far from
a next claim: it brings me from A to B in a safe way. And this again can be seen as
close to: it is not only safe for the people inside the car but also for the pedestrians
and other people outside the car. And it does not pollute more than necessary. By
then we have already entered the domain of ethical values. In a similar way, the same
can be shown for norms. Norms are in fact a sort of concretization of values. A norm
related to the function of bringing me from A to B can be the desired range of the car:
what is the distance that I can travel with a full tank of fuel?

Van de Poel also shows that there are not only values and standard related to
technical artifacts but also to technological practices (Van de Poel 2009). I can think
that he or she is a “good” engineer. What does that mean? Here we can go through a
similar range of meanings, starting from “(s)he is good in developing artefacts” to
“(s)he is a morally good engineer.” Practices are a philosophical concept that is very
useful to illustrate the role of values and norms in technology. This concept was used
by ethicist Alasdair Maclntyre to provide a new impetus for virtue ethics (Maclntyre
1981). Aristotle, one of the founding fathers of this type of ethics, always asked the
question: what would a good human do? Maclntyre argues that this question needs to
be refined: what would a good teacher do, what would a good judge do, what would
a good engineer do, etc. Each of these functions in a particular “practice” with its
own norms and values. Those determine what is good and bad. A surgeon and a
butcher both cut in meat. But cutting meat morally good means different things in the
different practice in which they function. For a butcher, it is morally wrong to cut in
such a way that a lot of meat is wasted unnecessarily. For a surgeon, it is morally
wrong to cut in such a way that the patient will be left with visible scars and tissue
damage. Likewise what is morally good for engineers is determined by the norms
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and values that hold in the engineering practice. Several types of norms can be
distinguished: norms that define the practice (e.g., what it means to be a certified
engineer) and norms that are related to the higher goals of engineering (e.g., norms
for sustainable engineering). The former can be called constitutive or structural
norms, and the latter can be called regulative or directional norms.

A challenge to the discussion on norms and values in technology is that this
practice is a multi-actor practice. Often many stakeholders are involved, each with
their own practice and related norms and values. When an industrial company and a
government work together on stimulating a certain technological development, they
have both different constitutive and different regulative rules. Governments have
different tasks and responsibilities (those are examples of constitutive norms) than
business people. Likewise they have different higher values (e.g., public justice for a
government and making money for a company). Clashing norms between different
practices can hamper technological developments. But also clashes of norms within a
practice can cause problems. When an industrial company has customer satisfaction as
a regulative rule, but there is no department or there are no individuals that have a
responsibility for dealing with customer requirements and concerns (a lack of consti-
tutive norms related to the claimed regulative norm), this will not work. Another
challenge that comes with the multi-actor character in technological developments is
the problem of responsibilities. This is sometimes called the “many hands” problem or
the issue of collective responsibility. When a company produces a car that is inherently
dangerous (like the famous and “classic”” Ford Pinto case that features in many books
for engineering ethics), this is the result of decisions taken by engineers, managers,
technicians, etc. It is difficult to tell whom to blame when something goes wrong with
those cars, as many people were involved and each of them contributed in his/her own
way to the overall outcome of a dangerous car being produced and sold.

The designing of an artifact has everything to do with values. Whether or not the car
is a “good” car in the wide sense of the term is largely determined in the design process
(not only, because the way the car is used also determines whether or not it is a good car
in the wide sense). The challenge for designers is to “translate” values into the physical
realization of the artifact. Some philosophers claim that thus the artifact becomes a
moral actor as it influences the behavior of the user also in a moral sense (Verbeek
2014). The speed bump that slows down traffic in a residential area forces the driver to
behave morally well (at least, as far as traffic safety is concerned) in that area. Likewise
it is possible to design cars that simply do not start when the inbuilt sensor “smells” that
the alcohol percentage in your breath is too high. Technically speaking this is very
simple, but as a society, we are still inclined to leave responsibility with humans and not
delegate that to devices as they cannot be held responsible because they lack freedom of
choice (one of the conditions for moral responsibility, next to knowledge of norms and
knowledge of the situation). Design processes in which a systematic reflection on
values is an integrated element are called value-sensitive design. The focus on values
is one that may become even more important in the future of philosophy of technology
that it currently is already. I will now turn to that perspective.
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Conclusion

In the 1990s, the philosophy of technology went through what was called “an
empirical turn.” This turn was introduced in a seminar that was organized by
Kroes and Meijers in Delft, the Netherlands. In 2016, Kroes and Meijers proposed
a next turn for the philosophy of technology: an axiological turn. Axiology is the
sub-domain in philosophy that is concerned with values. As was described in the
previous section, values did already play a role in philosophy of technology. Kroes’
and Meijers’ proposal is to enhance that role. They are motivated by the fact that by
taking this “turn,” the philosophy of technology can become (even) more relevant in
social debates about new technologies. A fundamental reflection on the nature of the
values that are at stake in new technologies could be a valuable support for the
development of such technologies but also for responsible use and for policy making
with respect to such technologies. This would be different from an “applied” turn in
which philosophers would only deal with practical issues concerning values. It is the
philosophers’ task to focus on more fundamental reflections and for the values
discussion the importance of such reflections can hardly be overestimated. Hansson
also suggested secking a broader embedding for the philosophy of technology.
Normativity and value issues are also found in other domains in which humans
intervene in reality (such as medicine). According to Hansson, the Middle Age
concept of “mechanical arts” would be worth revisiting and used as a broader context
for the philosophy of technology (Hansson 2016). The axiological turn can also be
part of a “social turn” in the philosophy of technology, as suggested by Breij. Such a
turn would require more intense collaboration with relevant social actors (industries,
governments, users). At the same time, the relation with “hard-core” philosophy
must not be forgotten, according to Pitt (Pitt 2016).

Seen from the perspective of technology education as a “user” of philosophy of
technology, it would be good if the philosophy of technology keeps the broad
perspective that it had so far. On the one hand, more and more attention is paid to
concept learning in technology education (see » Chap. 8, “Technology Education: An
International History” in this volume), which could benefit from the more analytical
approach in the philosophy of technology (reflection on the nature of artifacts, design,
values, etc.) as proposed by Kroes and Meijers (Kroes and Meijers 2016). On the other
hand, the importance of technological literacy as a goal in technology education would
benefit from a (continued) attention for the interaction between social and technolog-
ical developments, as in the “social turn” proposed by Breij (Breij 2016). Of course
technology educators are not in the position to determine the future of philosophy of
technology, but if relevance is a criterion for future philosophy of technology, then the
impact on technology education should be seen as one type of relevance that is perhaps
even important as the relevance for engineers and policy makers. The philosophy of
technology has a great potential to provide a sound conceptual basis for technology
education if both philosophers of technology and technology educators recognize that
potential and use it to make strategic choices for the future of their disciplines.
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Abstract

How does one learn to become technologically literate — and how does one teach
a young person to become technologically literate? These are the questions that
this chapter will consider. There have been many attempts over the past few
decades, to incorporate the concept of technological literacy into the various
extant technology education paradigms around the world. It appears from
research, as well as a variety of anecdotal evidence, that this appears to be a
universal goal for technology education. However, despite the many publications
that offer a variety of ways and means as to how this might be achieved,
something or many things appear to get in the way of the augmentation of
technological literacy in the classroom. This chapter will discuss what these
barriers might be and in so doing, offer a new and alternative pedagogy that
attempts to overcome some of these roadblocks. Deleuze and Guattari’s concept
of Nomadology will be fused with the educational philosophy of Célestine
Freinet, to offer a potential pedagogic framework that, if adopted, may help
resolve the problems associated with the delivery of technological literacy in
the classroom.
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Introduction

There have been many attempts over the past 20 years to define, teach, and assess the
concept of technological literacy. Most attempts have been associated with technol-
ogy education, or to a lesser extent, science education curricula from around the world.

Publications include, but are not limited to: Technology and Literacy in the
Twenty-First Century (Selfe 1999), Technically Speaking: Why all Americans
need to know more about technology (Pearson and Young 2002), Advancing
Excellence in Technological Literacy (ITEA 2003), Technological Literacy for All
(ITEA 2006), Tech Tally: Approaches to Assessing Technological Literacy
(National academy of Engineering 2006), Standards for Technological Literacy
(ITEA 2007). Technological Literacy: A multiliteracies approach for democracy
(Williams 2009), Defining Technological Literacy (Dakers 2014a) New Frontiers
in Technological Literacy (Dakers 2014b). Towards a reconsideration of technolog-
ical literacy (Hasse and Wallace 2015).

While all of these publications offer a variety of important perspectives with
respect to the concept of technological literacy, no universal or unified consensus
appears evident, one that can be articulated into technology education curricula
around the world, taught, and then assessed accordingly. Only partial definitions
seem possible. What appears to be viable for the USA does not seem to articulate
with technology education curricula in France or Finland or England or Germany.
Even local definitions cause dissension.

The USA, for example, has been making a supreme effort, one carried out over
many years, to identify, quantify, standardize, and, ultimately, assess technological
literacy (ITEA 2003, 2006, 2007). Moreover, they have gone to great lengths to list
content standards, student assessment standards with guidelines, together with long
range goals and expectations, in order that students might become technologically
literate. The three volumes cited above combine to total 436 pages that claim to
present “a vision of what students should know and be able to do in order to be
technologically literate” (ITEA 2007, p. vii).
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These volumes constitute a well-researched set of criterion for the study of technol-
ogy and for the development of technological literacy in the USA. However, these
standards have also been subject to change, disagreement, reevaluation, and discord
when it has come to any form of implementation within the curriculum. According to
Becker et al.:

currently, 49 of the 50 states have technology literacy goals and standards; more than
80 percent of the states have adopted, adapted, or referenced the International Society for
Technology in Education’s (ISTE) National Education Technology Standards in state
department of education documents. As of 2007, based on a survey conducted by the
State Educational Technology Directors Association (SETDA), 21 states reported that they
use the ISTE NETS definition (i.e., the six categories of the NETS-S), 15 states reported
using a unique state definition, eight states reported using the SETDA definition, and seven
states reported that they used another method for defining technology literacy. Those varying
definitions have been operationalized in the form of technology standards.

That is, states encourage the pursuit of proficiency in technological literacy by promul-
gating student technology standards. There is no shortage of standards for states to adopt or
adapt. The International Technology Education Association (ITEA) has developed a series
of standards that point out in great detail how one might achieve technological literacy.
Those standards, the third iteration of which was released in 2007, include grade-level goals.
Additionally, in 2007, the International Society for Technology in Education (ISTE) releas-
ed the second iteration of the National Educational Technology Standards for Students
(NETS-S). (Becker et al. 2010, p. 2)

Indeed, Rasinen undertook a systematic analysis of the curriculum content for
technology education of six countries and found that “although the format and
approach in the six curricula studied differ from one another in many ways, common
features were found” (2003, p. 42). However, he also reported that the common features
found were situated within technology education programmes that were at different
stages of development and concluded that, as a result, “a single model cannot be
applied to each country” (ibid, p. 45). Significantly, Rasinen found that the concept
of “[t]echnological literacy was a universal goal” for all curricula (ibid, p. 45).

In contrast to the conclusion offered by Rasinen is the concept of an international
technology education baccalaureate as proposed by Williams (2007). At present this
is a functioning international program for the delivery of a universal and unified
form of technology education around the world. Any school choosing to adopt this
program does so on a voluntary basis. Williams argues that “[t]he reasons for schools
adopting the IB [International Baccalaureate] vary, but the main reason is the
provision of an internationally accepted pre-university certification that is reputable
and transferable.” However, the International Baccalaureate Organisation [IBO]
syllabus for the subject Design Technology, as it is known in this context, does not
appear to feature the concept of technological literacy as an area of study, at least not
in the subject areas listed. “The aim of the DP design technology course is to foster
the skill development in students required to use new and existing technologies
to create new products, services and systems” (IBO 2016). Moreover, the IBO
claims to implement “a rigorous assessment process in order to ensure standards
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remain high.” In order to achieve this stated goal “the assessment criteria are
standardized [in order that] the aims and objectives are achieved.”

It is principally in this respect that I part company with the concept of a universal
technology education paradigm, especially one that may purport to include the
concept of technological literacy. Standardized assessment protocols, by their very
nature, serve to problematize pedagogies that involve critical thinking development,
a pedagogy, that is, in my view, essential for the development of becoming techno-
logically literate. Critical thinking about technology involves the development of
perspectives that are immanent, multiple, value-laden, and temporal with respect to
technological/social/cultural relationships, whether existing or potential. These rela-
tionships are formed within the parameters of socially constructed milieus that are
complex and local, something that universalized and standardized assessment pro-
cedures find difficult, if not impossible, to measure. Standardized assessment pro-
tocols, especially, although not limited to, those that involve answers to multiple
choice questions, require overwhelmingly conformist criterion within which local
interpretation has no place. Only “this or that” responses predicated almost exclu-
sively upon the development of procedural and declarative knowledge prevail.

Becoming technologically literate, or multiliterate as Williams goes on to later
argue, involves a more complex and progressive learning space: one that differen-
tiates between the concepts of a universal technology education Baccalaureate as
offered the IBO, for example, and that of the very much less instrumental and much
more democratic educational concept of technological multiliteracy. Williams sug-
gests that “if technological multiliteracy becomes the focus of technology education
through its positioning as a moral rather than vocational or instrumental practice, and
the mechanism is available for students to express their beliefs, then the move toward
a more democratic technological order becomes possible” (Williams 2009, p. 252).

While I lean strongly toward this perspective, I take issue with positioning multi-
literacy exclusively as a moral issue. By way of clarification, I notice that the terms
moral and ethical often tend to become conflated, and while I make no claims on
Williams’ use of the term, I consider the distinction important. Jun (2011) makes a
significant and important distinction between the concept of morals and ethics. He
considers morals to be coextensive with normativity; they are about expressing what
is right or asking the question “how should/ought one act?”’ or “how should/ought
one behave?” What is thus revealed in the concept of normativity is a structure of
hierarchy, a set of transcendent laws that are designed to regulate our lives by
creating boundaries that contain us and control us under the guise of morality.

The problem with this is, however, that we can never be certain of how things will
unfold over time, and no transcendent rule or law can account for that. There are
those who will argue the case for a future that is determined in advance by some
metaphysical power. I have discussed this in some detail in (Dakers 2016). Further-
more, the arguments presented by Deleuze are that prescribed values (morals),
whatever they may be, can never be taken to be fixed and immutable, they can
never be considered as universal and transcendent. They can only ever be relevant
within the context that they are presented. They can only be subject to interpretation
and as such, are open to reinterpretation over time (ethics). Deleuze thus rejects
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transcendent forms of normativity (morals) on the grounds that they are not self-
reflexive. They cannot, by their very nature, “provide self-reflexive criteria by which
to question, critique, or otherwise act upon themselves” (Jun 2011, p. 101).

In summary, it appears that technological literacy is considered to be a universal
goal, or perhaps more accurately, a much sought after goal for inclusion within the
technology education paradigm. However, while much has been written in support
of its inclusion, it appears, for the most part, to continue to remain stubbornly absent
from being made manifest in the classroom.

Why Does Technological Literacy Appear to Evade Actualization
Within the Classroom?

Considered from the perspective of many of those who have the power to design,
regulate, and implement the delivery of technology education, it is apparent from the
way it continues to be delivered and subsequently perceived by the general populace,
that it is an initial training ground designed to meet the perceived needs of industry.
In other words, technology education is perceived to be a vocationally orientated
subject. Moreover, the emphasis leans very much toward male-orientated vocations.
O’Riley offers a somewhat dystopic but nevertheless accurate account of the expe-
rience of a female undertaking her initial teacher education preparation in technology
education. The teacher asks:

How has it come to be that in spite of recent revisions, technology education remains limited
to technical and trades-orientated technologies? How has it come to be that a critical and
urgent conversation on gender, cultural, socioeconomic, global, and environmental issues in
relation to technology is not at the foreground of technology curricula? (2003, p. 3)

The questions raised above may not only shed some light on the situation but may
help to deconstruct it somewhat. Being perceived as a subject that is more orientated
toward serving the needs of industry clearly locates technology education as an
initiating base for training future workforces. Dewey finds this model of education
repugnant:

Its [vocational education’s] right development will do more to make public education truly
democratic than any other agency now under consideration. Its wrong treatment will as
surely accentuate all undemocratic tendencies in our present situation, by fostering and
strengthening class divisions in school and out. . .Those who believe the continued existence
of what they are pleased to call the ‘lower classes’ or the ‘laboring classes’ would naturally
rejoice to have schools in which these ‘classes” would be segregated. And some employers
of labor would doubtless rejoice to have schools, supported by public taxation, supply them
with additional food for their mills. . .Everyone else should be united against every propo-
sition, in whatever form advanced, to separate training of employees from training for
citizenship, training of intelligence and character from training for narrow, industry effi-
ciency. (Dewey in Apple and Beane 1999, p. 50)

I would add gender divisions to Dewey prophetic insights.
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Conversely, conversations relating to gender, cultural, socioeconomic, global,
and environmental issues in relation to technology are ethical, and so political. They
are value-laden and so personal. They have no definitive answers, only expressions
based upon personal experience. I suggest that most would agree that this model of
technology education more closely approximates what might be considered to be
technological literacy. The problem is, however, that the two images outlined for the
delivery of technology education do not appear to articulate. One seeks freedom of
expression the other seeks conformity with the perceived needs of industry.

To be Technologically Literate, or Not to be: That is the Question

Technology education cannot simply be reduced to what is essentially propositional
logic; a set of propositions that are lodged within the divisions between either right
or wrong, either correct or incorrect, either good or bad, either true or false, and
either this or that. “[T]his is because the ‘either-or’ in contemporary education is
reinforced and structurally determined by many dualistic processes that involve
knowledge, the truth, language [policy determinations, assessment] and the philo-
sophical edifices of thought from a Western perspective” (Cole 2015, p. 78). Tech-
nology education considered thus promotes the formation of dualisms; either-or
perspectives. One principle, dualism, lies in perspectives about what actually con-
stitutes technology education. This binary reflection is situated somewhere between
two viscerally held political perspectives, perspectives that continue to dominate;
technology education as either vocational or academic. These perspectives are
manifestations of Descartes famous cogito that argues for the separation of mind
and body; vocational education relating more to the development of technical skills
associated with the body whereas the academic promotes development of the mind,
the latter being perceived as superior to the former (see Dakers 2007 for an expanded
discussion on this).

These can be strongly held perspectives situated, in extreme instances, at either
one end of this continuum, or the other. However, most reasonable perspectives tend
to be positioned somewhere between the two. I would contend, however, that most
perspectives lean more toward the vocational. Whatever perspective is held, partic-
ularly by the teacher, will serve to (re)orientate the emphasis on the way technology
education is perceived, and the subsequent pedagogy then employed in the class-
room. These perceptual forces can serve to subvert the actual presentation of subject
matter, no matter what the curriculum demands. The teaching of design, for example,
can be seen as implementing the requirements of the design element of any given
curriculum. However, the pedagogy employed might emphasize the development of
prior learning in the form of procedural and declarative knowledge. In so doing, it
can demand that skill sets relating to the development of workshop fabrication and
technique are a necessary prerequisite before any design process may be attempted,
one cannot design something if one does not know how to make it. In contrast, the
emphasis might orientate toward the promotion of design as an entirely creative
process, one that is not restricted by the limitations of available resources nor the
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need to go on to fabricate the design in the workshop (see, e.g., the Young Foresight
project. Available at: https://dandtfordandt.wordpress.com/resources/young-foresight/
This project promotes design without fabrication, albeit to a limited age range).

Becoming Technologically Literate

Technologically literate is something that one never actually becomes. One is, rather,
always in a process of becoming, just as technologies are always in a process of
becoming (the next version of a mobile phone, for example). The concept of
becoming, as in becoming technologically literate is, thus, not something that can
be prescribed in advance. Nor can it be assessed in terms of right or wrong and good
or bad. If it is, who is it that ultimately decides what is right or wrong, good, or bad?
Certainly not the person being assessed. They are assessed in order to become
confirmed into a particular dogmatic image of thought, a dogmatic image that is
determined, in advance, by some transcendent figure of authority. Nietzsche offers a
succinct opposition to this philosophy: “The surest way to corrupt a youth is to teach
him to respect those who think as he does more highly than those who think
differently from him” (2006, p. 153).

Becoming technologically literate can only ever be from a personal perspective,
one set within the particular milieu that the perspective holder occupies at any given
time, very much in line with Nietzsche’s claim that meaning and value are dependent
on point-of-view rather than any pre-existing universal order (Haines 2016).

This problematizes any technology education paradigm that wishes to incorporate
the concept of becoming technologically literate. It is simply not possible to set
assessment criteria that are standardized in order that predefined aims and objectives
are shown to have been achieved. This is simply because we all have differing
perspectives about the way we value and perceive technologies, values, and per-
spectives that may well change over time.

Is it possible, therefore, to incorporate the concept of technological literacy into
the variety of different technology education paradigms that currently exist? To do so
without radical change to the status quo? Deleuze and Guattari offer an alternative
multiple option-one that is located somewhere between the aforementioned dualities,
not as a fixed point resting somewhere between two opposing perspectives, but
rather, as a dynamic force of perpetual movement. One “that can be expressed
through the concept of ‘educational nomadology,” which retains the power to think
through problems to their deepest philosophical levels, [ ] whilst simultaneously
initiating practical measures to change matters on the ground” (Cole 2014, p. 80).

Educational Nomadology

Nomadicism allows the maximum extension of principles and powers; if something can be
thought, then no law outside thinking, no containment of thought within the mind of man
should limit thinking’s power. (Deleuze 1994, p. 37)
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The idea of educational nomadology can be explained by offering a distinction
between the concept of logos and nomos. The Greek term logos can be considered
in terms of laws of the state, laws applied from the outside that can form rigid,
externally formulated boundaries that serve to control behavior, activity and in terms
of schools, even thought, or at least directing thought through the apparatus of the
received wisdom of the state, what Deleuze and Guattari refer to as the dogmatic
image of thought (2008). If those in power consider technology education to be a
subject that serves the needs of industry, this perception will form rigid boundaries
that leave little room for freedom of alternative expression, such as my own, for
example. Nomos, on the other hand, represents the nomadic space that exists beyond
state-imposed boundaries. This is a space where no transcendent commandments
exist that define our lives. This is a space for alternative perspectives, a space for free
thinking, for speculative thinking (See Dakers 2014b and 2016).

The concept of nomadism can inform a progressive form of technology educa-
tion that offers a way of facilitating the process of becoming technologically
literate. This is a way that exists outside organized conventional educational
paradigms that utilize the biological metaphor of the tree of knowledge as their
guiding principle. The nomadic classroom, in contrast, is characterized as a
dynamic learning space where learning is rhizomatic, an alternative biological
metaphor offered by Deleuze and Guattari (2008). From a rhizomatic perspective,
knowledge is not fixed. Knowledge is constructed within a social milieu. As such,
it is subject to interpretation and reinterpretation, or in the terminology of Deleuze
and Guattari, deterritorialization and reterritorialization (2008). Knowledge is
always changing from one phase to another and yet another. It is chaotic, dynamic,
and complex. In a nomadic classroom, knowledge cannot be transferred from
expert to novice. Knowledge is co-constructed by everyone present in the class-
room with each, in turn, bringing their own lifetime experiences upon the subject
matter in question. It will be different again with another class, who may well reach
other conclusions. Becoming technologically literate, therefore, does not have a
starting point or a finishing point, it is a never-ending process. “A rhizome has no
beginning or end; it is always in the middle, between things, interbeing, inter-
mezzo. The tree is filiation, but the rhizome is alliance, uniquely alliance. The tree
imposes the verb ‘to be,” but the fabric of the rhizome is the conjunction ‘and. . ..
and. . ..and”” (ibid, 2008, p. 27). Thus, to begin something in the middle is every
time a new beginning.

Célestine Freinet: BD&G (An Unwitting Educational
Nomadologist)

In opposition to logos, nomadology defines a way of thinking that, rather than rooting itself
down in defence of one place or perspective, attempts to remain mobile and open to alterity
and difference. (Haines 2016)
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Felix Guattari was very influenced by the pedagogy devised by the French educa-
tionalist Célestine Freinet (Before Deleuze and Guattari). In their seminal book
entitled A Thousand Plateaus (Mille Plateaux), published in 1980, Deleuze and
Guattari have one particular chapter that explores the concept of nomadology:
“1227: Treatise on Nomadology.” While his work is never specifically acknowl-
edged, Freinet’s influence is clearly evident.

Freinet (1896—1966) was an educationalist and philosopher considered to be the
equal of Montessori, Piaget, Dewey, Friere, Giroux, Illich, Vygotsky, and Rousseau.
However, he is virtually unknown, even to this day, by those in the English-speaking
world (Acker 2007). He developed a methodology that put learning into the hands
of the learners while simultaneously removing hierarchies such as textbooks and
rigid pedagogical structures designed to direct the flow of learning. While Freinet’s
methodology offers a radical departure from conventional pedagogies of knowledge
transfer, I believe it can offer a way to connect traditional technology education
together with the facilitation of becoming technologically literate, as actualized
within a classroom context. I believe that it can be made to accomplish this, without
causing too much disruption to the extant procedures already in place.

Thought from the perspective of technology education, Freinet argued that:

Like all social entities, the school must perforce adapt itself to the changing needs of the
environment. Such adaptation is a fact of life: it can be observed even in the area of
philosophy, which allows a kind of perpetual humanization of technology and of life.
Progress has always been redefined by the best among these thinkers. And thanks to
them—at least to a certain extent — material development has been able to evolve into
intellectual, moral, and human development. (1967, pp. 100-101)

Clearly, for Freinet, technology and human development are synchronous and as
such, technological development will affect humans differently. In order to better
understand this relationship, I have, for some considerable time, argued that the
development of technological literacy is a vital and necessary component within any
educational setting. Young people need to develop a critical awareness of the techno-
logically textured world they inhabit and the way in which their future lives are and
will be shaped by it (Dakers 2006, p. 1). The concept of nomadology devised by
Deleuze and Guattari, together with the philosophy of Freinet, offers the potential for
a new progressive methodology for teaching technology education that enables the
facilitation of becoming technologically literate.

Exploring the Concept of Technological Literacy Through
the Lens of Educational Nomadology

We aspire to teach men how to live in a democracy, but this democracy is not a herd. It
cannot survive unless all of us learn how to live it, serve it and devote our lives to it. (Acker
2007, p. 1)
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Freinet argued that young people could be better motivated if they had some say
in their own leaning. To this end, his philosophy of education can be summarized
as follows:

Student work must be productive and useful.

Cooperative learning is necessary in the productive process.

Group enquiry-based learning is based on trial and error (what Deleuze and Guattari
call “experimentation”).

The natural method is based on an inductive, global approach.

Centers of interest are grounded in children’s learning interests and curiosity (Cole
2014, p. 87).

When Freinet was a teacher, he realized that anything he wrote upon the
chalkboard, which was often based upon classroom discussions, disappeared
after he erased it. “There would be no record of this event in his students’ life”
(Acker 2007, p. 13). This led him to acquire a small printing press that the students
could learn to use in order to record their own learning. This led on to become one
of the two major initiatives that were to form his progressive and democratic forms
of education. The second major initiative he developed was the concept of Inter-
scholastic exchanges; the exchange of newsletters as well as the newspapers written
and printed by the students.

These initiatives gave the students the impetus to engage in lively and critical
classroom discussions, as well as being able to develop the more technical skills
associated with printing. As part of the process, students were involved in develop-
ing their own learning.

Commenting in 1996 upon Freinet’s method, Jean Haccuria, an inspector of schools
in Brussels, summarized the basic tenets of Freinet’s pedagogy. In a letter to the
Belgian publication L’Education Popular, Haccuria pointed out some of Freinet’s
domains as including:

free expression, free text, the printing in the school, freehand drawing, engraving on
linoleum, free theatre, and current events. (In Acker 2007, p. 7)

Moreover, “Freinet powerfully distrusted anything like a ‘patent method’ or a ‘teaching
formula.” He knew only too well how centrally imposed textbooks and courses of
study could undermine teachers’ best efforts to tap their pupils’ natural interest in
regional events or activities that central planners would never take seriously”. (Freinet
1999, p. 3)

It should, therefore, be no great leap to articulate these initiatives into a modern
technology education paradigm. The printing press can be replaced by computer
technology in the forms of graphic communications, digital photography, word
processing, spreadsheets, computer-aided design, 3D printing, and many others
beyond. The interscholastic exchanges can easily be accommodated through the
Internet.
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Affect

Affect differs from effect. Affect, as used by Deleuze and Guattari, is not a personal
feeling such as affection for a loved one, for example. It is the ability to affect and to
be affected. Considered in terms of the multiple interactions that occur between
human beings and their technologies, affect denotes the passage from one experien-
tial state of the body to another, one that will imply either an augmentation or
diminution in that body’s capacity to act. A mobile telephone can augment commu-
nications or diminish a child’s state of mind through the medium of cyberbullying.
The bully affects another child; the bullied child is affected. Technology is the
medium used in the interaction (Massumi in Deleuze and Guattari 2008, p. xvii).

Affect in Nomadology

Freinet believed that the teacher must act as facilitator, not as dictator. Logos must
give way to nomos. Power over both content and learning must be distributed.
Technology affects virtually every aspect of our lives today, including the lives of
young people, and, through its development and utilization, human beings, in turn,
affect the ongoing development of technology. This symbiotic relationship between
human beings, the natural world, and the development of technology is not a linear
process. It is complex and chaotic. Becoming technologically literate is not a process
involving the absorption of already established information. It is, rather, a process
involving the ongoing development of a critical capacity, one that considers the way
the development of technology is affected by human beings, which in turn, reveals
the affect technology has upon human beings. In other words, it is a learning
environment that facilitates, indeed encourages, the freedom to express individual’s
perspectives about their own relationships with technology and how they feel
affected by that relationship, or, how they feel that relationship enables them to
affect others. In order to facilitate this, teachers must recognize that while they “have
an indispensable role to play, they should not monopolize classroom time since
students should have a strong voice in classroom life” (Freinet in Acker 2007, p. 10).

Free texts enable learners to record, in both their own words and in their own style
(which may include, sketching and photographing, for example), their personal
perspectives regarding their own relationships with technologies. It is important
that context is chosen by the learner and is not imposed. Classrooms should be part
of the actual world according to Freinet, not a synthetic representation. These free
texts can then be used to aid each individual, in a cooperative setting, to express,
freely, their recorded thoughts — thoughts that are focused upon issues relating to the
way that they feel affected by technology and how they may affect others through the
medium of technology. The teacher’s role is to facilitate, not to impose.

Freinet’s educational method allows children to discover the vastness and the exigencies
of freedom as it reduces what is ‘forbidden in a classroom.” It allows them to choose a
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method of working: Either an individual work plan or a collective work plan. Students
discover real freedom — one that is not a whim or fancy but is engaged in a self-expression.
(Acker 2007, p. 12)

Freinet proposed that interscholastic exchanges, mediated through the use of
printed illustrated school journals, as written and formatted by the learners them-
selves, should form part of this new pedagogical framework in order to expand a
young person’s view of the world. Rural children, for example, could exchange
information about technology with those living in urban or industrial areas. Today,
with the advent of mass communication, the Internet can expand the scope and speed
of this. Journals can be formatted online and sent electronically to other participating
schools. This method can facilitate cultural exchanges where alternative perspectives
about technology, technology education, and the ethical and political dimensions
relating to technology can be revealed and further discussed.

One delightful example that sums up Freinet’s progressive methodology is given
in a record posted by a teacher in Algeria:

One day, in my Second Grade classroom of 40 students, two of my young girls bring various
texts on the Festival of the Sheep, and we very enthusiastically decide to prepare a document
regarding the last night of Ramadan (known in Arabic as Eid El Kebir) to send to our
correspondent in France. Quickly, in teams of two, the students divided the assignment: they
wrote down what they knew, researched and questioned their parents and other elders on
what they were unaware of. They filled out informational cards on the following subjects:

Origins of the festival

Purchase of the sheep and its arrival at the house
Slaughtering the sheep at the festival

Washing the sheep’s fleece

Use of the meat and preparing the couscous
Various other dishes prepared on this occasion
Drying and storing the sheep’s meat

On the assigned day, each team presented the results of their research in front of an
engrossed audience. After the students did all the necessary corrections, they carefully
recopied the work, illustrated on cardboard the product of their research, put on a simple
binding, adding a colorful cover and voila . . . their work was ready to be sent. As the teacher,
what was my cost? Negligible. I directed their work a little and spent some of my personal
time investigating the same thing they were investigating to make sure of its accuracy. I also
got to know my students better. (In Acker 2007, p. 46-47)

It is my belief that this methodology, which articulates with the philosophy of
Deleuze and Guattari’s concept of nomadism, can universalize the local. In other
words, the concept of technological literacy can become part of the various local
technology education curricula around the world by, ironically, utilizing modern
technology as a platform that will enable students to express their various perspec-
tives on technology in a global format. A modern adaptation of Freinet’s methodol-
ogy, using journals and interscholastic exchanges to facilitate freedom of expression,
could provide the motivation for young people to engage with the technologically
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textured word they inhabit by becoming aware of alternative perspectives at the local
level. The various existing technology curricula, whether heavily predicated upon
the concept of logos or not, can continue to be assessed in whatever way the relevant
hierarchies of power insist upon. Becoming technologically literate, facilitated by a
democratic pedagogy of freedom, can articulate seamlessly into any given technol-
ogy education curriculum, if those at the working end of technology education are
keen enough to implement it.

Production of electronic journals, in whatever format as agreed between partic-
ipating schools, can become guides, written and produced by the learners them-
selves, giving an account of their experiences, learning and deliberations regarding
issues relating to technology and technology education. These guides, not prescrip-
tions, can be adapted, not adopted, by future generations of learners. The journals,
which can be made available to all in the participating schools as well as other
interested parties such as parents or industry (young people influencing industry
rather that the other way round), can be produced regularly, perhaps every month or
two. Freinet found that because the journals were made available to a much wider
audience than might otherwise be normal, and produced on a regular basis, had the
effect of focusing the learners’ attention on producing high quality work, which
enabled learning to take place over a wide range of subjects. Moreover, this learning
took place on a voluntary basis, rather than by way of imposition.

Assessment of technological literacy can also form part of the nomadological
approach. Aspects of technology education that fit more neatly into the domain of
logos can retain their extant assessment protocols. Those that relate more to becom-
ing technologically literate can be assessed formatively, where students, teachers,
and significant others contribute to the process.

In Conclusion

This approach, I suggest, which may be considered as a pedagogy of freedom of
expression, encourages young people to become more confident in expressing their
own perspectives on issues that are important to them. An environment can be
created in which learners are encouraged to work cooperatively in any endeavor
relating to technology, something that can be achieved by removing the imposition
of formal examination structures that serve to isolate the individual. The world of
dualities (right or wrong, good or bad) gives way to experimentation based upon
learning through trial and error. Inductive reasoning becomes the natural method,
whereas the deductive reasoning of certainty is abolished. This facilitates a learning
space that encourages freedom of expression, while simultaneously, being open to
changing any deeply held perspective when reasonably challenged by others.
Learners can learn to share and record their perspectives with others in the class,
the wider school and indeed, in the world. They can be exposed to other cultures,
other languages, and other alternative perspectives relating to the changing techno-
logically textured world that they, and many others, inhabit. Perhaps, as an ongoing
process of becoming technologically literate, future generations will become more
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informed and better able to engage in critiques on gender, cultural, socioeconomic,
global, and environmental issues.
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Abstract

Science and technology are often taught independently. This, however, does not
reflect the reality of science and technology. Technology has contributed signif-
icantly to the development of science. This is illustrated by two examples:
Galileo’s telescope and the Laser Interferometer Gravitational-Wave Observatory
(LIGO). Both also had social implications that need to be highlighted in educa-
tion, if we want to present a proper image of science and technology.
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Introduction

I have never understood the reasoning behind North American curriculum design
(I am restricting my comments here to the North American educational system.). We
deal with subjects. Our students study arithmetic, precalculus, geometry, biology,
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chemistry, physics, English (of course), Spanish or German or French, possibly
Latin, social studies, sometimes offered as world history, (meaning Western Europe),
American history, government (meaning ours), economics, etc. But we do not teach
them how these subject areas are related to one another or to the lives we lead.
Occasionally we may give them a math exercise to calculate the time a train will
arrive in Chicago from New York City traveling at 50 miles per hour with two
42-min stops. But we rarely, if ever, explain how chemistry and physics are related.
Nor do many, if any, students know that Galileo and Queen Elizabeth I of England
were contemporaries or that Bach and Newton overlapped (I do regular surveys in
my 300-person introductory course asking questions like “Who else who is famous
lived when Galileo did?” I am always sorely disappointed at the answers.). They
should know these things in order to get a better sense of the dynamics of both
history and culture. No one knows how the art of the day influenced science or how
political considerations influenced historical writing (see, e.g., Hume’s 1985 History
of England). In short we should stop teaching subjects. In an increasingly techno-
logical world, our students need to see and understand our technologies in the
integrated world in which they live.

In an earlier paper (Pitt 1990), I suggested teaching the sciences by teaching the
history of science, starting in the first grade. The idea was to have the student’s
intellectual development parallel the development of science. So, in the first grade,
the student is a free agent exploring the world around her, reporting back what she
finds. In grade two, they are introduced to the idea that they can improve their
exploration by employing some principles, and they start becoming little Aristotles,
until the Aristotelian approach and assumptions fail, and they are given some of the
tools to figure out a different approach, and so on until they are studying the world in
a Newtonian fashion by their final year of high school. One of the ideas here is to let
them play with a theoretical framework until it breaks down, and they have to find
some other set of principles to guide their explorations. There are several lessons to
be taken away here. The first is that science is an ongoing process that changes in
many ways over time. The second is that one of the major forces affecting changes in
the sciences is the introduction of novel technologies. When they get to the period
known as the scientific revolution, they learn that Galileo used his telescope to
discover the moons of Jupiter forcing a revision of the theory of the structure of the
universe, but they rarely spend any time on the fact that without the technology of the
telescope, those changes would not have come about as they did. The same is true for
the use of the microscope in biology and the Bunsen burner in chemistry. They also
learn that the history of science is the history of failed theories but that they should
not be afraid to fail because all the great minds have failed. But the most important
idea is that of process and process as a process of processes and that all is change.

But we don’t teach the fundamental truth of change. Nor do we teach our students
how to look at the big picture and how the parts are integrated and mutually
interdependent. We teach out of our intellectual silos and demand that they learn
only what is in the silos and not how the silos are related. But even within those silos,
we do not teach how and, most importantly, why the content changes. This latter
problem arises, I suspect, because we really don’t have a theoretical framework for
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dealing with change. Several members of the history and philosophy of science
community have developed theories of scientific change. But, I submit, these are not
theories of scientific change. Rather they are theories of rational decision-making.
Kuhn (1962) lays out the structure of scientific revolutions, but in so doing, he sweeps
over the dynamics of the practices of scientists, especially their use of novel technol-
ogies. We replace our paradigms when we discover anomalies. What is the mechanism
for revealing anomalies? Laudan (1977) tells us to pick theories that have the potential
to solve the greatest number of problems. But how do predict future problems for an
unknown theory? Lakatos (1978) looks at research programs and how to choose
among them. But past performance is not necessarily an indicator of future successes.
Further, none of these approaches look at what causes the result that leads to the need
to modify or change theories.

The proposal I am putting forth here is that technological innovations open up
horizons never imagined or not previously accessible. I am not defending the view
that every scientific change is caused by technological innovations. I will, however,
argue that many are, and that by ignoring that aspect of the scientific process, we
have undermined our ability to develop our sciences more fully. Further, I propose
that these innovations are rarely predictable. It is the case that we can set out to build
devices to achieve specific results, like smash atoms. But more often than not, we
cannot predict what we will find when we use the device, like a new, previously
unpredicted particle.

To develop the thesis outlined above a bit more, I will look at two specific cases,
Galileo’s telescope and the impact of the detection of gravity waves by the Laser
Interferometer Gravitational-Wave Observatory (LIGO). There should be no objec-
tion to citing Galileo’s telescope as a technological innovation, despite the fact that
he did not invent it. Rather it is the use to which he put it that was innovative. There
may be some objection to the LIGO example, since some of the results are still out —
however, I would argue that not just the LIGO but the techniques surrounding its use
are technologies, following on my account of technology as humanity at work (Pitt 2000).

Galileo’s Telescope

Galileo built his first telescope in 1608 (The very first telescope was made by Hans
Lippershey.). Galileo heard about a device that could allow one to see far away
objects closer, some say from an itinerant peddler. But no matter where he got the
information from, the important point here is that there clearly was communication
and trade between central Italy and Holland — so, you might ask your students, what
else was going on in Europe at the time Galileo was figuring out the principles
behind the telescope? The second important point concerns what Galileo did next
and the consequences of those actions.

First, beginning in 1608, Galileo trained his telescope on the heavens, first on the
moon and then on other objects in the heavenly sky. Second, he published the results
of those observations in a little book entitled Sidereus Nuncius or The Starry
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Messenger in 1610. The book contained his observations and conclusions
concerning the surface of the moon and his discoveries of the moons of Jupiter.

The claims about the surface of the moon were controversial, to be sure. Galileo
argued that the surface of the moon resembled the surface of the earth having both
mountains and valleys. This could be used to explain the luminosity of the moon, but
more importantly, it could be used to start undermining the long-standing Aristote-
lian cosmology that maintained there were two basic domains in the universe, each
with their own laws governing their behavior: celestial and terrestrial. The heavens
were eternal, pure, and unchanging. Terrestrial affairs were marked by their imper-
fections and changing nature. Further, the Earth was the center of the universe, with
all other objects in the heavens rotating around it. The discovery of the similarity of
the moon’s surface to that of the earth disturbed the claim that the objects in the
heavens were pure and perfect, for clearly, if Galileo was correct, the moon had an
imperfect surface. But perhaps more disturbing was the discovery of the moons of
Jupiter, which Galileo named the Medicean Planets. If there were, in fact, objects
rotating around Jupiter, that meant that there was another center in the universe.
These two revelations, made possible by a technological innovation, shook the scien-
tific world to its core. They set off a number of events. First, there was the expected
attempt to discredit Galileo’s observations. The telescope was attacked as unreliable.
How could a device made of terrestrial, imperfect stuff provide reliable information
about the perfect heavens? Some scholars refused to look through the telescope,
fearful that it was a work of the devil. Second, there was the attempt to discredit
Galileo himself, a crusade that culminated in the condemnation of his next book,
Dialogue on the Two Chief World Systems (1632), and ultimately his trial and
sentence to house arrest for the rest of his life. Despite Galileo’s misfortunes, the
damage to the Aristotelian worldview had been done, thanks, fundamentally to a
technological innovation. The fallout was extensive, and a new worldview did not
come into play until Newton published his Principia. But the world view that finally
replaced the Aristotelian view was far less integrated and led to much intellectual
uncertainty about the world we live in and our place in the universe.

The take-away here is the world of science is dynamic, immersed in the society in
which it operates, pushed this way and that by the introduction of novel technolo-
gies, and its revelations can have revolutionary effects. But those effects involve
more than just jettisoning a disproven theory. Galileo’s case is, granted, dramatic.
But to study it in depth is to discover how scientific, technological, religious, and
social considerations are intertwined. The second take-away is that to teach science
well, one needs to know a lot about the history of cultural development, especially
the technologies that support it.

The Laser Interferometer Gravitational Wave Observatory

The second example I present has to do with a different aspect of the dynamics of
science and technology. In the present, beginning after World War 11, there arose
something that came to be known as big science (The phrase was made popular by
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Derek De Solla Price in 1965.). Big science is science that relies heavily on large
technological infrastructures such as a super-colliding super-conducting to allow
scientists to explore what they cannot do on their own using little instruments. The
case here involves the construction and use of the Laser Interferometer
Gravitational-Wave Observatory (LIGO). LIGO was built with the hope of
detecting gravitational waves — a phenomenon predicted by Einstein. There was
no empirical evidence for the existence of gravitational waves, and it was cer-
tainly not clear what confirming their existence would do other than give us
increased confidence in the general theory of relativity. With our newfound
understanding of social complexities surrounding science, one can begin to fill
in the kind of social, political, and economic arguments that surrounded the
proposal to build such a large, expensive machine with no practical results
anticipated.

Computer models showed that LIGO’s signal came from two black holes, 29 and 36 times as
massive as the sun, spiraling together 1.3 billion light-years away. No one had ever seen a
pair of orbiting black holes or detected “stellar mass” black holes so heavy. Astrophysicists
say — and they are hard to fit into current theory. (Science, 351(6275), p. 796)

The device that was used was both manipulated by computers and its findings
rendered by computer models. Additionally these findings did not fit into current
theory. So we “find” gravity waves (actually the machines and computers do), but in
a context that does exactly do what they are supposed to do, i.e., confirm Einstein’s
theory. We start on a hunch that these things, gravity waves, should exist, and when
we find them, they turn out not to actually be the kind of things we thought they
would be.

This is a case in which the technology and the technological infrastructure both aid
and confuse the science. But the social consequences are also worth considering. Yes,
we got a result. No, it is not what we expected. Therefore, we need more money to
augment the technological system we have constructed to help us figure out what we
discovered. Having students exposed to the chaos of big science where big technology
is crucial is important considering the amount of money involved, the rationales for
spending that money, and the fact that it is public money. This should raise questions
about the justification for spending public money on toys for scientists as opposed to
training and finding jobs for our citizens — is science worth it?

Conclusion and Future Directions

Putting science and technology back into society makes it a very messy business,
especially in the age of big science, which really means big technology. But our job
as teachers is to tell the truth and provide our students with the tools to find it out for
themselves (As to the question of who determines the truth — well, that is what
science is supposed to do, but as we expand and complicate our technological
infrastructures, it is going to be increasingly difficult to know when we have found
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it.). I am not suggesting we don’t fund big science — but I want us to consider the
consequences.
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Stephen Petrina

Abstract

This chapter addresses the problem of moving students from critical self-reflec-
tion to the critique of design and technology. How and why do students become
skeptical or critical of the designed world or more specifically of practices and
products created for unsustainable consumption or planned obsolescence? After
reviewing the history of the crit in D&T classrooms and workshops, this chapter
addresses how students transfer dispositions from the crit to social critique of
design practices and products. Conceptually, Schon’s work, especially The
Reflective Practitioner, provides key insights into this problem. This is a problem
of transferring activity to activism, from school facilities to everyday life external
to schools.
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An unresolved question of curriculum is “to what degree does design and technology
education (D&T education) (D&T education for this chapter refers to the scope of
computer, craft, design, engineering, HCI, industrial, media, technical, and technol-
ogy education) move students to critique their products and effects?”” The design
critique or “the crit” is common practice in various forms, but it is unclear how well
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this transfers to social critique and action outside or beyond classrooms, laboratories,
makerspaces, studios, and workshops. Indeed, it is unclear how well students are
assisted with this transfer from crit to social critique. This problem of transfer is
primarily a problem of how well the purposes of D&T education are articulated.
Apropos is the timeworn fable of three masons asked by a curious observer, “What
are you doing?” The first quickly said “laying brick,” the second “earning a wage,”
while the third, with a pause, answered “building a cathedral” (Woodruff 1922,
p- 32).

Perhaps becoming critical depends on how conscious students are in moving
from crit to critique. This is, after all, the point of The Reflective Practitioner (Schon
1983). Like a mason who does not automatically transfer from the brick to the
building, it is neither easy nor natural to transfer from a crit of a technological device
to critique of technological determinism. The process of moving from a crit of
applications to a critique of implications is no small feat, but, increasingly, the stakes
are high (Williams and Stables 2017).

This problem of transfer is philosophical. As often as it is said that craft, design,
engineering, and technology are problematic, it is countered that they are pragmatic.
Implicit in this counter is a resolution that crafters, designers, engineers, and
technologists should not be expected to express or act on social critique. As
Kranzberg (1962) observed: “What the technologist asks is: do the means effectively
reach the ends?” Somewhat sympathetically, he emphasizes, “This pragmatic for-
mulation has been implicit in technological development since the time of the first
stone implements” (p. 522). From time immemorial then, we are taught that “design
is a practical activity” or “engineering is a pragmatic and practical discipline” (Dilnot
1984, p. 12; Harrison 1998, p. 182). Similarly, we are reminded that “science is a
pragmatic, operational tool” (Rolston 1991, p. 389). In STEM education, if not the
cognate disciplines, theory is subordinate to practice. What then, do pragmatism and
the pragmatic outlook accommodate, allow, or hold for D&T education? Does
pragmatism disallow or disavow critique?

Recall that an important archetype is the skeptic, including the “technological
skeptic” (Costanza 2001, p. 464). Bronowski (1973/2011) captures this role: “It is
important that students bring a certain ragamuffin, barefoot irreverence to their studies;
they are not here to worship what is known but to question it” (pp. 341-342). On the
other hand, D&T educators face stereotypes such as the economic charge of facilitating
“technological indoctrination,” now begun in the cradle with products such as the
“Newborn-to-Toddler Apptivity Seat” (Hetzler 1969, p. 191; Miller 2014). An implicit
assumption is that by virtue of teaching D&T, educators are complicit in fulfilling
students’ functional and technocentric roles in the economy. Might it otherwise be
said that in D&T education, students are not here to worship what is made but to
question it?

This chapter addresses the social critique of technology with a specific focus on
how students become critical. How and why do students become skeptical or critical
of specific technologies or more generally D&T? The chapter begins with a premise
that social critique was explicit and inherent in D&T education from its formal
inclusion in educational systems in the nineteenth century. The first section explores
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initial purposes of D&T education and a brief history of the crit. Neither peripheral
nor secondary to other purposes, such as making and remaking, critique requires
practice. The chapter proceeds to address the problem of transfer from the crit, which
is integral to learning within D&T, to social critique. On one level, this is a problem
of transferring activity to activism, from D&T’s internal school facilities to life after
or external to schools. The chapter raises critical questions for pragmatists. As Schon
(1983) concludes, a detached or distanced social critique of D&T “cannot substitute
for (though it may provoke) the qualified professional’s [or student’s] critical self-
reflection” (p. 290). Schon attended to practices moving students “from technical
rationality to reflection-in-action” (p. vii); this chapter attends to processes moving
students from critical self-reflection to social critique.

Purposes and Practices

Historically, D&T education was founded on a critique of prevailing purposes and
practices of education (Dewey 1904, p. 443; Woodward 1882, pp. 627-628).
Responsive to the aims of arts and crafts (A&C) and modern design in the nineteenth
and early twentieth century, this critique of prevailing education was extended to a
critique of apprenticeship practices in the trades and ultimately to modern industry.
Like A&C, D&T education was established on a premise that it could humanize the
machine (Triggs 1902, pp. 147-158, 184-185). Through the nineteenth century,
discontent with prevailing aims of education was fairly resolved with an inclusion of
material, practical, and social aims. Defenders of classical aims felt helpless against
trends. “The last demand of the industrial spirit is that all education shall be lowered
to its material aims,” one classicist bemoaned in the mid-1880s; “for lowered it will
be if all distinction is removed in academic honor between an education for the sake
of the mind itself and an education dependent on and limited to material and practical
aims” (Warner 1884, p. 223). However, advocates of manual training at the time
established aims more lofty than base. “The labor question” of capital’s
ill-distribution of wealth would be “settled by nothing short of revolution,” an
analyst reasoned. “This revolution, however, will be peaceful: there will be no
lawlessness, no destruction of property, nobody would be maimed, nobody would
be killed. The revolution is to be effected through the manual training school”
(Jacobson 1888, pp. 24-25; Science Editors 1887, p. 197).

Manual training (MT) specialists had nonetheless reconciled with prevailing aims
(McKinney 1919). The aims of manual training were formalized through Sigjd (i.e.,
dexterity, skill) in Sweden, primarily through the work of Salomon (1888,
pp. 185-188), who differentiated between the “formal” (e.g., development of “men-
tal and physical powers”) and “material” (e.g., “acquisition of general dexterity”)
(p- 202) (Butler 1887, p. 256). Similarly, in establishing and sustaining the first MT
school, the United States (US) in 1880, Woodward wanted to balance cultural,
social, and vocational aims (Coates 1923, pp. 71-75). As he emphasized in 1882:
“it is my intention to improve every opportunity to declare that in educating the hand
we do not neglect the mind” (quoted in Coates 1923, p. 75). “We do not manufacture
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articles for sale,” Woodward (1882) asserted, “nor do we pretend to fully teach
particular trades” (p. 629). Downplaying the practical, Woodward (1903) later
clarified that “manual training, as we have it in the high school, is a culture study”
(p- 72).

By the turn of the century, as Woodward (1903) suggests, the cultural and social
purposes of D&T education were as important as the practical purpose (McKinney
1919). Dopp (1902) clarified that D&T education “will train the child to control
machinery rather than be controlled by it” (p. 171). Understanding a machine, she
emphasizes, requires teaching a student “its purpose, how constructed, how con-
trolled, and how used for the amelioration of society.” She continues: “these are the
problems that the school should undertake to teach him to grapple with, rather than
to occupy him with activities that tend to render him as automatic, as unfeeling, as a
part of the machine itself” (p. 171). Dopp clarifies that this particular “intelligence”
includes recognition of how the material relates to the cultural or social and impli-
cations of products (p. 172). The Massachusetts Commission on Industrial and
Technical Education referred to this as “industrial intelligence,” meaning “mental
power to see beyond the task which occupies the hands for the moment to the
operations which have proceeded and to those which will follow it — power to take in
the whole process, knowledge of materials, ideas of cost, ideas of organization,
business sense, and a conscience which recognizes obligations” (Wright et al. 1906,
p-5).

“Industrial intelligence,” or what was reframed as “technological literacy”
(Dakers 2006, 2014; Petrina 2014), was basically developed through two interrelated
instructional methods: demonstration (the demo) and critique (the crit). On the first
method, D&T educators generally concurred: “In any attempt to describe the practice
of an art [or technology] the briefest demonstration is of more value than the most
elaborate statement. The demonstration can be made concrete and specific, the
statement must often be general” (Haney 1905, p. 179). Sentiment held that “before
manual work of the true type can be given its rightful place in the schools, the
general public must cease its idolatrous worship of the book™ (Hervey 1908, p. 328).
The demo also manifested as a model, proof of concept, or demonstration of a design
idea, which is integral to D&T education as well.

Like the demo, the crit has a history dating back to antiquity and was made core to
D&T education in the nineteenth and early twentieth centuries. Popularized in the
Ecole des Beaux-Arts in France and refined in the Bauhaus in Germany (Anthony
1991, pp. 8-26; Flynn 2005), the crit found common practice in the schools. In MT
the crit was documented in 1886 as follows:

When the lesson is concluded the whir of the machinery ceases, and a great silence falls upon
the class as the students assemble about the instructor, each presenting [her or] his piece of
work. This is the moment of friendly criticism. The instructor handles each specimen,
comments upon the character of the workmanship, points out its defects, and calls for
criticisms from the class. These are freely given. There is an animated discussion, involving
explanations on the part of the instructor of the various causes of defects, and suggestions as
to suitable methods of amendment. (Ham 1886, p. 44).
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Teachers were often trained in giving and receiving a crit or “a lesson which is to
be criticised by competent authority for the benefit of her [or his] fellow-students”
(Teachers in training 1888, p. 517). According to an observer in the United Kingdom
(UK) in 1888, “criticism lessons, familiarly termed ‘crits,” are a weekly institution in
the Training College, and are looked forward to with dread by the victims. It is an
ordeal to stand there and give your lesson in the presence of critics” (Teachers in
Training 1888, p. 519). This insight acknowledges power and tension in the crit
among the student, peers, and teachers (Anthony 1987, 1991).

For primary school D&T, the crit was adjusted to the recitation, which, as Dewey
(1900) defined it, “becomes the social clearing-house, where experiences and ideas
are exchanged and subjected to criticism, where misconceptions are corrected, and
new lines of thought and inquiry are set up” (p. 65). Through the crit, “specific effort
should be made to develop power to judge according to definite standards,” an expert
advised (Haney 1905, p. 190). Ideally, depending on the aim and level, students and
teachers adjusted as necessary in a spirit of mutual improvement. In the demo, the
teacher models design or production practices while in the crit models criticism or
critique (Haney 1905).

From Crit to Social Critique

Schon (Schon 1983) defines design as “a reflective conversation with the materials
of a situation” and distinguishes between “language of designing” and “language
about designing” (pp. 80, 81, 172). Through what processes do students become
conversant with both the materials and the situation, however limited and expan-
sive? While Schon’s (1983, 1984, 1985, 1992a) exemplar or paradigmatic case is the
architecture studio or workshop, the concern is with language of and about design
and technology used as crafters, designers, engineers, technicians, and technologists
learn and work. This resolves in debates over emphases on making versus knowing
or procedural knowledge versus declarative (or propositional) knowledge (Martin
and Owen-Jackson 2013). Schon observes that the language of designing includes
“names of elements, features, relations, and actions, and of norms used to evaluate
problems, consequences, and implications” (pp. 95-97). This repertoire is meant “to
fulfill a variety of constructive, descriptive, and normative functions” (p. 97). The
language about designing is metacognitive and often articulated as “fragments of a
theory about the design [and make] process” (Schon 1984, p. 7). He (Schon 1984)
elaborates: “In the passages back and forth among the languages of appreciation,
performance and theory of designing, student and studio master pass, in their
reciprocal reflection-in action, from one domain of attention to another, and from
one level of description to another” (p. 7). Labs, makerspaces, studios, and work-
shops require “students to spend a great deal of time talking about their design,
talking to other students, talking to professors [or teachers] at desk crits [individual
crit], and, of course, talking at jury [group crit] presentations” (Stevens 1995,
p. 118).
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Schon (1984) reiterates that the “passages back and forth among the languages”
of designing and making become relevant and specific in the “context of action”
(p. 7). He emphasizes that:

There is no magical dividing line between the studio [or workshop] and the world outside
it. The student does not suddenly understand, when she steps into the studio, what she had
found obscure while she remained outside it. Nevertheless, master [or teacher] and student
can begin their reflective dialogue about design, designing and learning to design, once the
student has begun to design [and make]. What happens to make this possible? (p. 7).

In an example drawn from Simmonds’ (1978, 1981) case study, Schon (1984)
notes how in the process of a crit, the teacher “Quist has reflected critically on [the
student] Petra’s framing of the problem. He has conducted an on-the-spot drawing
experiment in reframing the problem” (p. 5). Although the crit can be Kafkaesque at
times, without the teacher’s feedback or modeling, one student acknowledged “you
don’t know where you are and have no basis for evaluation. You hang onto the
inflection of the tone of voice in your crit to discover if something is really wrong”
(p- 5). Schon (1984) continues:

Only as he or she immerses him or herself in the studio experience, the experience of trying
to design [and make], can he or she create the conditions in which to begin to understand
what the studio master says and does. But this immersion carries, often, a perceived risk of a
high order. Immersing oneself in the strange and demanding world of the studio, the student
tends to experience a loss of competence, control, and confidence. And he or she cannot
judge the value of taking such a risk until having actually taken it. (p. 6).

Like the demo and project, the crit is important for D&T learning. The concern
here is with the language of designing and making that addresses “norms used to
evaluate problems, consequences, and implications” and how the crit proceeds to
social critique.

If the process of designing and making is defined as “a reflective conversation
with the materials of a situation” (Schon 1983, p. 172) then questions are raised
about the scope of a design and make “situation.” Schon (1983) begins The Reflec-
tive Practitioner by recognizing the changing scope of “situations of practice” for
designing and making, which are increasingly characterized by “uncertainty, insta-
bility, uniqueness, and value conflicts” (p. 14). “Practitioners are frequently
embroiled in conflicts of values, goals, purposes, and interests,” he acknowledges.
For instance, “teachers are faced with pressures for increased efficiency in the
context of contracting budgets, demands that they rigorously ‘teach the basics,’
exhortations to encourage creativity, build citizenship, help students to examine
their values” (p. 17). Given increasingly problematic situations, including global
warming and waste generation, crafters, designers, engineers, and technologists
invariably face a “crisis of confidence” that focuses ethics on decisions to reduce
“‘messes’ to manageable plans” (p. 18). Ockham’s razor is necessary for finding,
managing, and resolving design problems but at what price? Within a crit, students
and teachers can quickly rule out social critique but at what cost to ethically
anticipating consequences and implications of D&T?
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Beyond learning processes of ethical reasoning, design students are to be assisted in seeing
that such reasoning processes are embodied in larger structures of action. In the delineation
of reasons, the role of the design instructor is critical. Causes are constituted as the design
student defines a design project. Situations are not simply the objective conditions or facts;
rather, situations come into being as the student questions the facts from some point of view.
(d’Anjou 2010, p. 103).

Situatedness is problematic (Gregg 1994). What is included and excluded from a
situation and crit involves a series of decisions that raise questions of ethics at each
step. Demystifying these decisions, Schon’s work (Schon 1983, 1984, 1985, 1987)
can be understood as an empirical inquiry into moving students from crit to situated
critique of D&T.

Beginning with a critique of technical rationality, Schon (1983) demonstrates
how readily practitioners and students fall into traps of its mystique (Waks 2001).
Technical rationality suggests that “professional activity consists in instrumental
problem solving made rigorous by the application of scientific theory and tech-
nique” (p. 21). Practitioners have an interest in preserving this “mystique of
practical competence,” but this comes at a cost (p. vii). “Many practitioners,
locked into a view of themselves as technical experts, find nothing in the world
of practice to occasion reflection,” Schon (1983) argues. “They have become too
skillful at techniques of selective inattention, junk categories, and situational
control, techniques which they use to preserve the constancy of their knowl-
edge-in-practice” (p. 69). Observing and recording practices, such as crits, demys-
tifies what students and teachers actually do and say in in laboratories,
makerspaces, studios, and workshops. Schon (1983) is nonetheless skeptical of
“radical demystification” or social critique, which tends to have “a utopian vision,
one of liberation from the domination of established interests and professional
elite” (p. 288). By stripping away the “emperor’s new clothes” of D&T knowledge
to reveal its “empty claims,” social critiques basically dismiss the fact or potential
that D&T practitioners “do know something worth knowing, a limited something
that is inherently describable” (pp. 288, 289). Social critique may mystify D&T
practice that much more. “In this sense,” Schon (1983) cautions, “both profes-
sional and counter-professional may be mystifiers. And in this sense, demystifi-
cation is not a showing up of the falsity of the practitioner’s claims to knowledge
but a bid to undertake the often arduous task of opening it up to inquiry” (p. 289)
(see also, Latour 2004).

Critique as intellectual work is “an attempt to give a meaning to our experience —
that is, to make life more practicable” (Wilson 1941, p. 241). As the critique of
relations among people and things, social critique begs action, however mundane,
radical, or revolutionary (Adorno 1945; Marx 1867, pp. 72—74). Marx observed that
capitalist production creates “material relations between persons and social relations
between things” (p. 73). Social critique focuses on how and why these relations are
forged, broken, restored, or reinforced in the processes of designing and making as
well as how appearances distort the reality of relations. How do we learn and teach to
reduce the use value of specific design and technologies? For example, if we critique
automobility, what do we do next?
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Most modern land development strategies have wastefully and unfairly dispersed residences,
employment, and social opportunity. It became difficult to live in many cities without a car.
Such spatial dispersion— also called sprawl— subsequently led to increased land consumed
for development, auto dependency, poor quality public transit, and the spatial isolation of
many, but particularly less affluent urban residents and people of colour. (Crane and
Schweitzer 2003, pp. 240-241).

At what moments in D&T education is critique most anticipatory or necessary?
Like universal critiques, situated critiques, social or otherwise (e.g., environmental,
feminist, indigenous, spiritual, etc.), are germane to the purposes and practices of
D&T (de Vries 2005, 2017; Petrina 2017; Williams and Stables 2017). Again, the
challenge is moving students from the crit to critique.

Conclusion

Following Schon, researchers have attended to the arduous task of opening up D&T
learning and teaching to inquiry (Compton and Harwood 2005; Benson and Lunt
2011; Kimbell 1997; Kimbell and Stables 2008). The state of research in D&T,
however, suggests a disconnection between the empirical task of documenting
practice and the conceptual task of theorizing how this practice might lead to critique
(de Vries and Mottier 2006; Jones and de Vries 2009; Williams and Stables 2017).
Despite Schon’s (1983, p. 315) proposal for “repertoire-building research,” we do
not yet have clear cases or documentation of how D&T education moves students to
critique their products and effects or, more specifically, how the crit transfers to
social critique. An implication is that D&T educators have not sufficiently addressed
Schon’s “critique of technical rationality.” Perhaps fair enough, nor did Schén (1991,
1992b) or researchers in other disciplines attend to the process of moving students
from crit to critique. In contrast to becoming creative, we simply do not have
empirical descriptions of students becoming critical (Carr and Kemmis 1986; Gold-
stein 2007; Selfe 1999). Part of the challenge is overcoming assumptions that
compared to creativity, criticism and critique are easy and can be taken for granted
(Latour 2004). If the process of designing and making is a reflective “dialogue with
the phenomena of a particular site,” then how does the crit incorporate critiques of
D&T as phenomena for discussion over a setting, site, or situation (Schon 1988,
p- 182)? What is transferred from classroom, studio, or workshop crits?

The problem of transfer from school to everyday design and technological
practices is mirrored in most disciplines, including the arts, sciences, and social
studies (Martin and Schwartz 2013). The reverse problem is transferring what is
learned in everyday activities to classrooms. The problem of transfer from crit to
critique is similar to transfer from ethical case study to ethical practice (Pettifor
2002). But as Schon (1983) notes, a student’s “move from technical expertise to
reflective practice” finds resistance at various levels (p. 329). D&T researchers are
challenged to document whether, when, and what students transfer from crit to
critique. Like any other curriculum practice, what is learned in the crit or transferred
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is not necessarily what is intended. The crit induces problems, be they culture,
gender, or power, and is subject to reform in one way or another (Anthony 1987,
1991; Flynn 2005). However, if the crit is a bridge, then researchers will have to
account for the critical thinking skills that are activated and move students to critique
design and technological practices and products (Halpern 2014, appendix).

Albeit with much more to be done, researchers have criticized the crit, on one hand,
and critiqued designing and making, on the other. Similarly, “staying close to the
phenomena of inquiry,” as Schon (1992b, p. 137), recommends, researchers have
critiqued the practices of learning and teaching how and why to design, make, and
unmake things. They pointed out contradictions inherent in conservative or naive
learning and teaching about D&T processes and products that have disruptive or
radical consequences (Dakers 2006, 2014). For instance, eco-critiques address paral-
lels between overproduction in D&T workshops and overconsumption in the world
(e.g., Elshof 2009; Pavlova 2009; Petrina 2000; Stables and Keirl 2015; Wicklein
2001); feminist critiques detail the gendered nature of D&T curriculum and built
environments (e.g., Braundy 2012; MacDowell 2015; O’Riley 2003; Zuga 1999);
indigenous critiques juxtapose the ironic stagnation of projects in D&T against the
novelty of wisdom found in the land (e.g., Cole and O’Riley 2015; Gumbo 2015;
Seeman 2015); and critiques of curriculum and instruction indicate the potential of
critical pedagogy, awareness, and critical thinking (e.g., Barlex 2015; Keirl 2015;
McLaren 2012). These types of critiques are essential to avoid reproducing the old in
the “new shop class” (Horvath and Cameron 2015). How and why should students
become skeptical or critical of specific designs and technologies?
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Abstract

Technology in all its varied manifestations and religion throughout its many
traditions and expressions exhibit a long and complex interrelationship from
prehistoric times to the present. Continuously evolving formal systems of reli-
gious thought and more informal daily practices among the religions of the world
present a wide array of issues, understandings, attitudes, and values toward
technology as well as demonstrate the complex influences that varied technolo-
gies have exerted directly or indirectly on the religious impulse. Technology and
design education needs to explicitly engage religious thought and praxis as it
relates to the technology curriculum for the sake of learners and for the future of

society.
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Why Religion and Technology?

It might at first glance seem quite odd that an international handbook on technology
education would have a chapter coupling religion and technology. Academics and
others might be excused for thinking that there are few explicit relationships to be
found between religion and technology, and those that do exist primarily are
unidirectional. After all many influences in the late twentieth and twenty-first
centuries seem to run in the direction of technology inexorably asserting its influence
and power over the realm of religion and spirituality just as it has seemingly done
across commerce and economies, institutions (cultural, educational, social), social
life, politics, sports, and other realms of human endeavors and activities. But if by
technology we mean the human activities that seek to meet human needs and human
wants by taking materials of various kinds and imaginatively and creatively com-
bining, reconstituting, reconfiguring, and engaging in myriad other transformations
to produce the ever-evolving, human-designed environments that we inhabit for
most of our lives, we may immediately perceive some ways in which religion, the
technological world, and the goals, skills, and methods associated with technological
design, making, and evaluating are inescapably and continually interacting.
Consider the following excerpts from the English national curriculum in design
and technology for Key Stages 1, 2, and 3 (Department of Education 2013a, b):

* Overall the national design and technology curriculum requires that students . . .
work in a range of relevant contexts,” and includes the non-mandatory examples
of “home, school, leisure, culture, enterprise, industry, and the wider environ-
ment.” Industrial contexts at Key Stage 3 include “ ... construction, food,
agriculture (including horticulture) and fashion.”

» Key Stage 2 requires students to engage in design that includes seeking to
determine “ ... fit for purpose, aimed at particular individuals or groups” and
active making of things that among other aspects “uses a wide range of materials
and components ... according to their functional properties and aesthetic
qualities.”

» Key Stages 1, 2, and 3 recognize the importance of cooking and nutrition as a
mandatory component at all three levels, noting that “learning how to cook is a
crucial life skill.”

» Key Stage 3 requires students to design in ways that “use research or exploration,
such as the study of different cultures, to identify and understand user needs.” It
also requires that students learn how to skillfully evaluate technological designs,
processes, and systems including the ability to “analyse the work of past and
present professionals and others to develop and broaden their understanding,”
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“test, evaluate and refine . . . taking into account the views of intended users and
other interested groups,” and to “understand developments in design and tech-
nology, its impact on individuals, society and the environment, and the respon-
sibilities of designers, engineers, and technologists.”

It should be clear to even a casual observer that learning requirements like these
unavoidably engage aesthetics, values, needs, desires, and uses related to technology
on the part of teachers, students, and wider communities that both invoke and
involve religious traditions, religious practices, and specific groups within society
whose primary identification is with one or more particular religions which embrace,
for example, dietary requirements, particular aesthetics for attire, sensibilities about
human beings and other creatures (both the large and very small), and teachings
viewed by adherents as integral to how they engage the wider world and values that
likely will profoundly influence their own future inputs into that wider world.

Religion as an Important Sphere of Human Activity

Religion, like the word “technology,” has proven difficult to define in a manner that
commands universal assent and fits the variegated landscape of academics and
practitioners around the globe. One reasonable working definition posits that “a
religion is a unified system of beliefs and practices about life and the world relative
to the supernatural that unite the believers or followers into a social organization or a
moral community” (Yang 2011: 36). As Yang noted in his Presidential Address to
the Society for the Scientific Study of Religion on October 24, 2015, “this definition
includes four essential elements of a religion: (1) a belief in the supernatural; (2) a set
of beliefs regarding life and the world; (3) a set of ritual practices manifesting the
beliefs; and (4) a distinct social organization or moral community of the believers
and practitioners.” (Yang 2016: 15).

Secularists since the dawn of literate societies have predicted the utter demise of
organized religions of all types in the face of what is envisioned as the inevitable
progress of science and technology as it deconstructs, reconceptualizes, and com-
modifies the world. Demographic data from over 2,500 censuses, surveys, and
official population registers were collected and analyzed to determine the current
state of the world’s religions by the Global Futures Project of the Pew Research
Center’s Forum on Religion and Public Life in 2010. The resultant final report issued
in 2012 (Pew Research Center 2012) documents that 84% of the world’s people
identify with one or more particular religions. About 32% identify with various
forms of Christianity, 23% with Islam in its varied manifestations, 15% with various
branches of Hinduism, 7% with various Buddhist movements, 6% with different folk
religions, 0.2% with forms of Judaism, and 0.8% with other religions such as
Jainism, Sikhism, Baha’i, Shintoism, Taoism, Tenrikyo, Wicca, or Zoroastrianism.
Only 16% of the world’s current population fails to identify with a particular
religion. Even within this category of no current affiliation, the report notes that
the majority of these people describe themselves as, for example, believing in God or
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a universal spirit, or articulate other beliefs that would be characterized as religious
or spiritual ideas, despite not identifying with any particular religion.

Such massive evidence of identification with religion does not mean that the
affiliate in question routinely participates in the formal expressions of these various
religions in a public manner or that they are necessarily knowledgeable or at all an
active practitioner of their religion. In terms of nominal identification and affiliation,
however, these recent findings have changed relatively little since social scientists
have been measuring such matters, despite overt identification with a distinct
religion declining by single digits since measurements began. Even here, the data
demonstrates that the rate of what might be termed “unbelief” in any religion’s
precepts has held virtually steady throughout the twentieth and early twenty-first
centuries.

This data-rich contemporary understanding by scholars is consistent with how
historians and religious scholars have documented the widespread followings and
impact that various religions have evidenced in the past. People switch religions,
move in and out of active practice, articulate beliefs at times highly variant within the
distinct religion with which they identify (at least according to widely recognized
religious scholars and theologians of that particular religion), and engage in overt
behaviors sometimes completely opposite to what is advocated as normal and even
required for fidelity to that tradition by leading spokespersons (both dispassionate
scholars and leading practitioners) within that religion past and present. Neverthe-
less, the power of religion remains as one clear and persistent marker of human self-
identification despite the most rapid scientific and technology changes the world has
ever witnessed. Its very pervasiveness within human societies suggests that technol-
ogy and design educators must make more effective connections between the
religious ideas and orientations active within the lives and minds of learners and
the technology and design curriculum — especially with its contemporary focus on
design for varied users and purposes, values and technology, and the wider impor-
tance of culture and society as they both influence and are influenced by technology
and technology education.

Religion and the Realm of Technology

Religions in general, especially those thought of as major world religions due to their
number of adherents, are characterized by a narrative and philosophical orientation
that seeks to bring all of life under the explanatory power and influence of the
religion in question. For religious people in large part since prehistoric times, nature
itself is the forum through which the mysterious aspects, attributes, and desires of a
higher, unseen world are mediated through “signs and symbols.” These signs and
symbols could include the surface of the Earth itself, things underneath the surface or
that emanate from it, objects that fall from the sky, perceptions from the human
senses, and thoughts and dreams within the mind — including “communion” with one
or more other realms that are mediated through language (an ability that is not
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infrequently itself seen to also be a gift from this unseen, mysterious realm). In this
sense, nature serves as the bridge between our world and world(s) that do or might
exist outside of our own realm of existence. Even religions that seem to be very
other-world centered are taking up that positioning via the physical reality within
which they currently reside and which they value for what it reveals to them about
that which lies beyond their ken (Bellah 2011).

The three influential monotheistic religions of Judaism, Christianity, and Islam
that share some common religious texts and outlooks have traditionally held the
view that there is a distinct separation between the Earth and the physical universe
within which it dwells and God. God himself needs no physicality to exist and dwells
outside time “within” the realm of eternity. At the same time, God brings into
existence the world and has an intimate relationship with the created order, including
the human beings that inhabit that order — yet the visible universe neither encapsu-
lates or fully expresses the divine being nor subsumes the created order into the
divine being. Creator and creation are intertwined just as an artist or craftsman has a
relationship with their work products — a view that has also been expressed by some
twentieth-century scholars such as Aurobindo Ghose within Hinduism, another
scripturally based religion (Ward 1996). One of the stories from the book of Genesis
(Chap. 2) in the Hebrew Torah that all three religions share and interpret as part of
their traditions relates the creation of human beings, the bestowing of names on
various creatures which are “brought to ‘adam”™ by God, and the human couple
cultivating the garden of “Eden.” Chapter 3 of Genesis describes how this gardening
duo are tempted by the serpent and in violation of God’s command seek to know as
God knows and become his coequals. Following this “fall” from divine favor, the
ground is cursed, the created order is affected, and humans are forced to leave idyllic
Eden. The subsequent descendents of Cain are identified as the builders of cities and
progenitors of technical arts and crafts among the Hebrew people (Genesis 4:
17-22).

To varying degrees in all four of these scriptural religious traditions, there is a
strong thread of explicit commentary and teaching about the need for practitioners,
in partnership with God, to remake the world, repairing damage from the past and
ameliorating its effects upon subsequent human beings, societies, and the world at
large (Ward 1996; Brown 2010). Judaism is one of several religions that has a
distinct phrase for this kind of activity, tikkum olam, “repairing the world” (Shatz
et al. 1997). Devout practitioners of these faiths recognize an explicit relationship
between human activity, including design and technological making, and their
spiritual calling to effect positive changes in the world around them. Religions
such as Christianity and Judaism, with their strong emphasis on historical particu-
larity and change over time, have seen technology as a means for making up for
deficiencies in the world and in society as it is, a particularly effective means to do
things that positively affect the common good and undertaken in a manner consistent
with their overarching spiritual values.

Consistent with this religious worldview, there can be no secular/sacred divide for
many of these practitioners nor should there be, even though there is a recognition
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going back to its clear exposition by Augustine in The City of God, that the principles
of the kingdom of God are quite distinct from the principles of those who choose to
continue to live in the world outside of proper recognition of God as the needful
guide and supplier of grace and help to all who call upon his name. The city of man
and the city of God are distinct yet within this fallen world; positive forward progress
is not only possible, it is doing the very work of God as a divinely appointed
co-laborer with God to repair the world. Attaining perfection is not fully achievable
due to the continuing aftereffects of sin and continuing human pride, but vast
improvements can occur — foreshadowing the perfect world which is to come in
an anticipated eschatological revealing of a new realm of coexistence in the very
(tangible) presence of God.

All technology and design activity is to be consistent with this coherent world-
view that embraces the spiritual/religious foundations of all of human life. Techno-
logical activities themselves are part of the active worship of the creator embodied
within the concrete instantiations of human engagement with the materials of the
world and fashioning and deploying them in ways that are homages to the God who
brought the world into being, continually upholds it by divine will, and has commis-
sioned human beings to be cocreators of order, beauty, truth, and other fundamental
values. This earthen materiality aspect of religion finds the sacred mediated through
objects and other human creations such as language (in spoken, written, chanted, or
choral form) that invokes an interaction among texts, bodies, minds, and hearts that
influence both the religions themselves and the technological practices, objects, and
systems that both serve the internal purposes of religion and extend its positive
influence within the wider world (Koslowski 2001; Levy 2014 provides examples
from within Judaism; see Kieshnick, Kieschnick (2003) for an exploration related to
Buddhism).

Possible Relationships Between Religion and Technology
and Design Education

The continuing vibrancy of organized religions is consistent with the ample and
largely unrecognized relationships between religion and technology that run
across the world’s well-known and even many lesser-known religions. Docu-
mentation of these relationships is quite rich in classic major religions such as
Christianity, Islam, Hinduism, Judaism, and Buddhism. So how might these
beliefs, ideas, orientations, and daily practices relate to technology and design
education? Here are just a few key concepts that could enrich the technology and
design curriculum and classroom in a manner that makes connections among
religion and technology more explicit for learners while at the same time
avoiding sectarianism; building greater understanding of the cultural underpin-
nings of technological artifacts, systems, ideas, and processes; and explicitly
acknowledging and potentially further clarifying the power and even utility of
religious ideas and beliefs within the lives of both students and teachers and
within technological praxis.
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Religion Can Be a Stimulant to Technological Innovation

Technology and design curriculum standards and materials across many nations
have large units that deal with aspects of agriculture, food safety, and cuisine.
Several major world religions have dietary laws such as kosher food production
and preparation in Judaism (Blech 2009) and halal food production and preparation
within Islam (Fischer 2015). These furnish good case studies to explore how arenas
of daily life and global markets for food goods are heavily impacted by a series of
interactions among religious ideas and beliefs, culturally conditioned practices,
technological practices, and ongoing innovations (including copyrights, patents,
and trademarks to protect intellectual property that emerge within these tradition
on a continuing basis). More specifically, these examples demonstrate how effects of
religious beliefs influence technological products, practices, and systems since
articulating and enforcing food quality standards, evolving clear food labeling
systems, developing efficient distribution systems that maintain product consistency,
creating packaging innovations that ensure durability and requisite shelf life of the
products, and creating and maintaining free trade systems that promote rapid move-
ment of needed food staples required by millions of practitioners of these two global
religions. It has also created staunch, savvy, religiously inspired advocates for
government and private industry standards, written protocols, treaties, uniform and
effective inspection systems, etc. The benefit to all members of society is that these
orientations have helped improve global technical systems of food production, trade,
quality control, transportation, logistics, marketing, and relevant financing.

A further example from Islam is the focus on engaging in one’s activities with a
desire to attain and maintain extreme accuracy since such efforts are rendered as part
of one’s service to Allah (analogous ideas occur in several other world religions).
This attitude engendered serious attention to accuracy in scientific and technical
endeavors that promoted the construction of timekeeping devices and astrolabes and
the accurate keeping and curation of detailed astronomical observations — all hall-
marks of modern science and technology praxis worldwide (Al-Hassani 2012). More
broadly, metrology has been influenced since ancient times by religious needs for
accurate calendars, astronomical (astrological) charting of the heavens, and accurate
record keeping of other natural and human-made phenomena which has not only
influenced the measurement tools themselves but also the construction of techno-
logical instruments such as astrolabes, telescopes, observatories, and timekeeping
devices and technological processes associated with curation, historic preservation,
translation, and education.

Religion Can Serve as a Moderator of Technological Diffusion

Researchers have studied the ways in which assistive reproductive technology, birth
control methods, and practices associated with pregnancy have been heavily
influenced by technological changes, medical advances, legal innovations, scientific
insights, and religious beliefs in an interactive manner that has been explored across
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religions such as Hinduism (Bhattacharyya 2006), Islam and its concept of shariah
(Ayduz and Dagli 2014; Clarke 2009), various forms of Judaism (Feldman and
Wollowelsky 1997; Ivy 2009; Kahn 2000), and Shintoism, Taoism, and Buddhism
(Ivy 2009). Genetic advances, various medical technologies, and the prospects of
transhumanism are examples of topics that have been explored in regard to Islamic
religious thought (Nasr 2009), non-Western religions and cultures (Selin 2016), and
Christianity (Mercer and Trothen 2014; Deane-Drummond et al. 2015). Burial
practices in Japan (Keul 2015) and the veneration of ancestors in some Asian
religions by the use of what are known as ancestor veneration avatars or AVAs
(Bainbridge 2014) are well-documented cases of the complex influence between
human technologies and religious conceptions related to the afterlife and the proper
handling of the bodies of those who have passed with considerable variation within
and across distinct religions.

Culturally grounded design practices have also been seen as a by-product of
religion and IT interactions such as in a set of detailed studies about how educational
technology is used in the Islamic world with cases drawn from Malaysia, Saudi
Arabia, Pakistan, Turkey, and Islamic education in the USA that feature contrasting
branches and forms of Islam, different cultural contexts, and different life experi-
ences and exposures to those different than oneself (Thomas 2016). Whether religion
leads or whether technology leads the interaction seems to vary depending on the
topic, geographic location, the particular subvariety of the religion which is being
practiced, the nature of the technology itself, how much it focuses on the human
person, and a myriad of other factors.

Religion Can Inform and Inspire the Work of the Technologist

How scientists and engineers approach and understand the meaning, ethics, purpose,
and practice of their respective tasks in laboratories and the wider world has been the
subject of extensive investigation within Christianity, Hinduism and Sikhism
(Cimino 2014), Judaism, Islam (Ayduz and Dagli 2014), and across these and
other religious traditions in a more generalized form of inquiry (Jenkins and Tucker
2016). The historic and contemporary complex interactions among science, technol-
ogy, philosophy, and religion are the subject of much research and multivolume
reference works attest to the vibrancy, depth, and breadth of the relationships
through time, across cultures and specific traditions, and within the wider societies
within which they are embedded and embodied (Al-Hassani 2012; Ayduz and Dagli
2014; Harrison 2015; Renehov and Oviedo 2013; Selin 2016).

World religions have heavily influenced discussions within the domain of tech-
nology proper in the past and the present. Well-known philosophers of technology,
inventors of technologies, historians of technology, designers, architects, graphic
artists, and other contributors to technological thought and practice have both
integrated and thought about technology within a complex personal interaction
that includes religious experiences and sensibilities, cultural and family influences,
and technological knowledge and experiences. Avowedly, Christian contributors
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include influential philosophers of technology such as Albert Borgmann (1984),
Frederick Ferré (1993), and Carl Mitcham (Mitcham 1994; Mitcham and Grote
1984) and public intellectuals such as Jacques Ellul (1990) and George Grant
(1986). Practicing Christian engineers and other technologists have attempted from
time to time to articulate guidelines for the creation and use of technologies within
society (e.g., Swearengen 2007). They have also formed professional societies
where they meet with their peers (e.g., Society of Ordained Scientists, an ecumenical
order within the global Anglican communion, American Scientific Affiliation based
in the USA and Christians in Science in the UK, and the Christian Engineering
Society) and seek to help their parent religious bodies and the public at large to better
understand the depth, breadth, and key issues at the nexus of technology and religion
(e.g., ECLA Alliance for Faith, Science, and Technology and the Episcopal Church
Network for Science, Technology, and Faith).

Other religions have mounted similar efforts to self-organize and promote inter-
actions among religious adherents who make their living in scientific and technical
fields (e.g., Center for Islam and Science and the International Society for Science
and Religion limited to just 100 members from various religions and scientific and
technical fields). For example, Hans Jonas (1984), a practicing Jew and noted
philosopher of technology, sought to construct a fully secular form of ethics that
could guide technological decision-making, carefully avoiding reference to the
religious sources that informed his own understandings and actions. Other reli-
giously aligned scholars have made explicit the many ways in which values, ethics,
and theological considerations should inform science and technology practice and
policy (Gorman et al. 2005).

A careful study of the eight major types of stupas in the Tibeto-Buddhist tradition
demonstrates how distinct religious beliefs influenced the form of these religious
objects (Dorjee 2001). Each portion of the structure down to the number of parasols
on the chatravali has taken on deep and divergent metaphysical meanings across the
various schools of thought and practice within the Tibeto-Buddhist tradition. Sim-
ilarly, Buddhism and other Asian religions have influenced technological develop-
ments in countries such as China helping to foster periods of intensive invention and
innovation (Deng 2011; Schifer 2011). Inventions like printing with moveable type,
horse stirrups, iron plows, rotary winnowing fans, drive belts, chain pumps, suspen-
sion bridges, wheelbarrows, umbrellas, matches, paper money, and spinning wheels
are just a few of the multitudinous examples of technological innovations which saw
their debut within the vast reaches of the various Chinese empires.

Religion Can Highlight Important Values to Be Considered
in Technological Endeavors

Virtually, all technology and design frameworks highlight the role of values in
undertaking technological work of various kinds. All formal religions teach general
precepts of behavior, prescribe or encourage particular forms of action, and inculcate
ideas about self, others, society, and human purpose(s). Well-designed discussions
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can elicit a wide range of ideas that are religiously inspired as part of the classroom
process of deciding what values should undergird various technological activities.
Such an approach can highlight the varied sources from which values emanate, the
means by which we articulate them within societies, and how groups of people sort
through these values to reach mutually agreed upon ways to select, adapt, and utilize
values to inform human practices. Aesthetics is a second viable area for exploration
in its relationship to both religious ideas and technological endeavors as a multi-
disciplinary exploration of the many faces of beauty attests (Hosle 2013).

The widespread presence of religious-affiliated institutions within human socie-
ties, including those who are part of the formal educational systems of nations
around the globe, is yet another reminder of the importance of working harder to
make the religion and technology connections more explicit and more deliberate.
Religious-affiliated schools and universities may wish to highlight their own partic-
ular religious traditions, but quality instruction also requires that we highlight values
that come from varied sources, including other religions, philosophies, and diverse
groups within society. Most universities worldwide have faculty members with
formal educational backgrounds in theology, religious studies, or scholars of cultural
or regional studies that make them knowledgeable of the religious beliefs and
practices often of several different branches within a particular religion and/or
familiar with several different religions. These faculty colleagues can prove valuable
allies and dialogue partners to create and deliver balanced discussions that explore
the interactions among religions, religious beliefs and practices, and practices and
developments related to technology and design. The Roman Catholic Church, for
example, has an organized body of articulated, written, and well-organized social
doctrine for its churches worldwide available in multiple languages (Pontifical
Council for Justice and Peace 2005). Such a document can make such discussions
not only easier to start but also help all participants (including teachers) become
better informed as to official teachings of the religious group in question and why
these attitudes and values are expressed as they are in relation to modern technology.

Along an analogous path, it has been suggested that foundational concepts in
Asian thought, most derived explicitly or implicitly from Asian religions, can form
the framework for better technological development in the future with a focus on the
good, the useful, the beautiful, the true, and the holy rather than relying on standard,
rational, Western management approaches that are largely but not exclusively
utilitarian in their orientation (Teschner and Tomasi 2016).

Conclusion and Future Directions

Technology and religion exhibit a complex, historic, and continuing relationship
(Geraci 2016; Stolow 2012). Religions can corrupt or unnecessarily hinder techno-
logical developments and practices or they can help those very practices achieve
their fullest potential while limiting the destructiveness that various technologies
over time have wrought (Dyer and Gordon 2011). Religion as a widespread phe-
nomenon across time, cultures, languages, and places is part of what makes and
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keeps us human in the midst of a human-designed world and humble in regard to our
progress toward making the world a better place for all creatures (Herzfeld 2009).
Appropriately applied, religious discourse can help articulate the ultimate concerns
that should inform all technological action (Lewin 2012), thereby enriching culture
rather than diminishing it (Newman 1997; Richerson and Christiansen 2013),
preserving and enhancing the natural world and our continuing relationship to it
(Jenkins and Tucker 2016), and saving us from undue arrogance and hubris — an all
too common human tendency among the currently powerful, whomever they may be
(Terlizzese 20009).

Religion and technology exhibit complex interrelationships that flow in both direc-
tions with positive, negative, and undiscernible effects. Both seek to solve problems,
meet needs, and improve the human condition. Each arena is a mature field with
established, well-recognized, and continuously evolving bodies of theory, practice,
subfields, leaders, practitioners, educational institutions, and interactions with other
arenas of human experience such as politics, societal institutions, the environment,
finance and economies, international relations, humanities, arts, and the sciences.

We have an obligation to engage religious systems of thought and praxis within
the context of the technology and design education curriculum and learning envi-
ronment. Doing so with careful planning, appropriate preparation, sensitivity, and
well-delineated case materials will help prepare present and future generations for
the continuing challenges and opportunities that the ever-evolving technological
world we inhabit embodies and ensure that new contributions are undertaken in a
manner cognizant of the wider milieu within which these contributions occur.

For researchers, very little recent study has been done of student and teacher
knowledge and attitudes toward the interaction of religion and technology. There are
very few nonsectarian classroom materials for primary and secondary students
engaging religion and technology at the depth suggested by this chapter yet hope-
fully this modest contribution has established their potential importance to high-
quality technology and design education.
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Curriculum Perspectives



P. John Williams

A range of historical and contemporary perspectives related to curriculum are
discussed in this section of the Handbook. It begins with a thematic approach to
the history of curriculum, a survey of research related to technology education
curriculum and a discussion of action research. Two countries have been selected
as exemplars of national technology education curriculum, not because they are
internationally representative but because they have important messages to tell
regarding curriculum development. The relationship of technology education to
other areas of the curriculum is discussed in chapters focusing on Engineering,
STEM, and vocational education. There are many influences on the curriculum,
and in other chapters Sloyd, Policy and Standards are discussed as major influencing
factors. The final two chapters approach curriculum from a student perspective,
examining the nature of progression and the enhancing effect of out-of-school
experiences.

Chapter 8, “Technology Education: An International History” by Marc de Vries
begins this section with the caveat that writing an international history of technology
education is an impossible enterprise, and so he adopted an approach of identifying
overall themes that run through the history of technology education in various
countries, and took those themes as organizing principles for describing how
technology education has emerged as a domain that more and more developed an
international dimension. The themes that Marc identified included craft-based ori-
gins; vocational and general education; relation with science education; developing
centrality of design; development of technological literacy; the search for a philo-
sophical, conceptual, and epistemological base for the subject; technology educa-
tion’s contribution to 21C skills; and the role of technology education in STEM.
These themes represent some the challenges for technology education over time, and
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the resolution of the challenges has resulted in the position of technology education
in the curriculum.

Through a review of literature about research in technology education, and a
project which reviewed 1,498 journal and conference outputs between 2006 and
2015, John Williams in his chapter » Chap. 9, “Technology Education: History of
Research”, indicates that the area of Curriculum (together with Design) has always
been a fundamental and common area of research inquiry, and will continue to
dominate research in technology education. Areas of research that are becoming less
common include that related to Technological literacy, values/beliefs, and sustain-
ability/environmental areas. The areas which are becoming more commonly
researched include gender issues, STEM, how students learn, mobile/online learn-
ing, and research in the primary and ECE contexts.

Chris Merrill’s position in his chapter » Chap. 10, “Authentic Research for
Technology Education” is that all teachers reflect on their practice, and structuring
that reflection as action research helps ensure that the outcome are empirically based
rather than beliefs. The benefits of action research for classroom teachers include
(a) filling the gap between theory and practice, (b) teacher empowerment, and (c) a
worthwhile means of professional growth and development. Chris suggests a num-
ber of potential areas for action research related to technology education.

The first country technology education curriculum to be considered is England,
significant internationally because of the large number of countries, often
ex-colonial, which pay attention to developments in England. Recently, countries
have tended to take a more enlightened and nationalistic approach to the develop-
ment of their own curriculum, but the legacy of English influence remains. In his
chapter, » Chap. 11, “Design and Technology in England: An Ambitious Vision
Thwarted by Unintended Consequences”, David Barlex charts the journey of Design
and Technology since its inception in 1990, and highlights the highly political nature
of curriculum changes in England. While the complexity of the initial curriculum
made it difficult for teachers, it was reviewed and resolved into a well-respected
approach to design and technology, and often lauded internationally as a standard.
Given this lauded position, the strong professional association and some high-profile
support, the recent demise of the subject is stunning; weak epistemological roots and
a lack of disciplinary coherence were given as reasons to downgrade the subject
design and technology and remove it from the National Curriculum. David proposes
a number of conditions necessary for curriculum success: sustained and substantial
in-service training for the teachers; realistic ambitions for a new subject; leaders who
are effective in communicating the subject’s identity as a coherent assembly of
knowledge, understanding, skill, and values; and vigilance in maintaining a strong
rationale for its role in the education of all young people so that the subject is not
misrepresented as suitable only for the less academic or as a vocational option.

Because of the role of the state in funding research and providing professional
development, there is a general consensus that the New Zealand curriculum is
a positive example of technology Education. Louise Milne, in her chapter

Chap. 12, “Technology Education in the New Zealand Curriculum: History and
Rationale”, charts the emergence of the first New Zealand technology education
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curriculum in 1995 with its emphasis on authentic design informed by the practice of
experts, to the 2007 curriculum which, in response to a national curriculum
stocktake, aimed to develop a broad technological literacy that would better equip
students to actively participate in society as informed citizens, and also give them
access to technology-related careers. Contemporary issues which effect Technology
Education in New Zealand include a congested curriculum, a Ministry of Education
focus on numeracy and literacy, a focus on where learning occurs rather than what
learning occurs (modern learning environments), and a topic approach to teaching
which dilutes rich technology content knowledge. An additional contemporary
challenge is the development of government policy through the “Curious Minds”
strategy which promotes Science, STEM, and digital technologies, and may force
Technology Education to reexamine its place in the curriculum.

In many contexts, Technology Education has an increasing focus on Engineering.
In their chapter » Chap. 13, “Middle Childhood Education: Engineering Concepts,
Practices, and Trajectories”, Cathy Lachapelle, Christine Cunningham, and Martha
Davis focus on using engineering to engage children and introduce them to the
discipline and its major practices and concerns, so they can develop technological
literacy and learn to make informed decisions about technological development as
adult citizens, and also spark the interest of a subset of children who may choose to
pursue technological careers. Their curriculum considers three bands: ages 7-8
(beginning readers), ages 9-10 (middle childhood), and ages 11-12 (preadolescents).
A social constructivist view of learning forms the theoretical base for articulating
design parameters that include: narrative context; a real-world storyline that is
relevant and interesting; explicit specification of a problem to be addressed; engi-
neering design processes and epistemic practices; scaffold engagement; exploring
materials and methods; the purposeful application of science and mathematics
content and skills; collaboration and negotiation shared solutions. This chapter
provides a resource that can help structure curricular activities and professional
development.

Interdisciplinary STEM education is the pedagogical approach by which students
learn the interconnectedness of the disciplines of science, technology, engineering,
and mathematics and is becoming a focus of many curricula throughout the world.
Mike Daugherty and Vinson Carter, in their chapter » Chap. 14, “The Nature of
Interdisciplinary STEM Education”, hold that interdisciplinary STEM education
also provides a platform to introduce problem-based learning, cooperative learning,
expand problem-solving capabilities, and introduce students to the use of engineer-
ing design. Mike and Vinson propose that technology education has the potential to
be the discipline that would reduce curricular fragmentation through the integration
of content from other disciplines. Advocates for greater integration of the STEM
subjects argue that teaching STEM in a more connected way, especially in the
context of real-world problems, can make the STEM subjects more relevant to
students. The engineering design method of inquiry is regarded by some to be the
cornerstone of integrated STEM education; it can be regarded as the core problem-
solving process of technology education and is increasingly known as a foundational
methodology for all integrated STEM curricula. A chief concern in STEM education
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is the preparation of educators with both content knowledge and the ability to
integrate STEM education learning. The nature of interdisciplinary STEM education
is in flux; however, opportunities await those educators seeking to develop and
implement interdisciplinary educational programs that center upon core content from
the STEM disciplines.

Michael Hacker continues the discussion related to engineering in » Chap 15,
“Engineering and Technology Concepts: Key Ideas That Students Should Under-
stand,” and supports the previous chapter by pointing out that in the United States,
Engineering and Technology Education (ETE) is seen as a route through which the
four disciplines of STEM can be integrated. Mike suggests that revisiting a small set
of transferable ETE thematic ideas in different contexts can complement learning of
standards-based domain-specific concepts and skills. There is a consensus of expert
opinion about the most important ETE competencies high school students should
attain within five thematic categories that consistently appear in the literature:
(a) design, (b) modeling, (c) systems, (d) resources, and (e) human values. This
enables an instruction on recurring and overarching transferable “big ideas” and
facilitates a more holistic understanding of engineering and technology. Mike offers
two case studies as examples. The first exemplifies how a cutting-edge technology
company looks to hire new employees with a broad mix of skills. The second
describes a new ETE curriculum model that integrates important concepts within
authentic social contexts and supports the fundamental purposes of education.

In » Chap. 16, “Technical Vocational Education: From Dualistic to Pluralistic
Thinking,” Nina Kilbrink addresses the various dichotomies that need to be bridged
in learning in a vocational context: those between theory and practice, school and
workplaces, verbalized knowledge and manual work, head and body, reading and
doing, and the what and how aspects of learning. Bridging these gaps involves
complex processes, and one solution Nina proposes is to abandon dualistic thinking
and instead embrace pluralism, since research shows that there are often complex
contexts involved that are not divisible into two different parts — but rather into many
different aspects. Too often, it seems that students are left to integrate the different
parts on their own. Instead teachers can help students in their learning by creating
learning situations where theory (knowledge in) and practice (knowledge about)
concern the same object of learning; they can help students connect learning in
different arenas, and be clear about what the students need to learn in the interaction
about different learning objects. New ways of handling theory and practice, viewing
them as different aspects of the same phenomenon is needed in order to reach a
holistic learning where theory and practice are intertwined.

Jonas Hallstrom investigates the relationship between Technology Education and
Educational Sloyd (s/djd) in Sweden since early 1960s in his chapter. He argues that
educational Sloyd was an important precursor to, or evolved in close parallel to,
Technology Education in many countries across the globe. In Sweden, Technology
Education and Educational Sloyd exist as separate subjects in the school curriculum
and have done so for decades. During the period of curriculum development in
Sweden, the Technology subject domain has modernized and become broader, while
Educational Sloyd partly contains modern, technology-related components but also
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partly remains a subject emphasizing knowledge and skills rooted in a rural society
including elements such as manual handicraft, tool management, aesthetic skills, as
well as personal development. Jonas notes that the main difference between the two
subjects lies in their philosophical foundations. Technology education is about
various aspects of the human-made world; Educational Sloyd, on the other hand,
is mainly about human development. The kind of technology dealt with in Sloyd is
artifacts, whereas in many countries, much of the modernization of Technology
Education has been about including a systems component. Technology and Sloyd
thus share a common ancestry and, largely, common epistemological ground.

Steve Keirl takes a global approach to the issues faced by D&T curriculum policy
makers, considering the irony, that despite the ubiquitous and pervasive nature of
technologies in our lives, education systems rarely offer curricula that can engage the
phenomenon. In his chapter » Chap. 18, “Design and Technology Education and Its
Curriculum Policy Challenges” Steve proposes that much of D&T education is
(being) tied to the service of a particular economic model and ignores multiple
alternative educational possibilities. Such possibilities are seen here as presenting
D&T not as “subject” or being governed by prescribed content but, rather, as a
special way of knowing and being — drawing on multiple epistemologies and
ontologies. The resultant case is one for a holistic, comprehensive formulation of a
critical technological literacy that permeates whole-school curricula and learning.
Good D&T curriculum design is core to developing students as global citizens
capable of participation in democratic considerations with technological develop-
ments. Moreover, good D&T curriculum design is seen as valid and valued contrib-
utor to a global common good. Steve proposes engaging with “aims talk™ as a way to
develop a rich and comprehensive D&T curriculum, comprehensive in that it should
be a part of the general education of every child, and that it be articulated across the
whole school as a literacy. The resultant curriculum is not a curriculum of “right or
wrong” answers but one of negotiation, understanding, and personal and collective
meaning-making. Such a curriculum is not inward-looking but is alive to what is
happening in the world at large and what could be in the world at large.

In his chapter on » Chap. 19, “Technology Education Standards in the
United States: History and Rationale”, Philip Reed discusses the development and
iterations of standards in the USA. The early standards tended to be quite prescrip-
tive skill statements, and the recent standards are more general and are oriented
toward concepts such as technological literacy. The 4 Nation at Risk report in 1983
focused on the need to increase academic rigor within the USA in order for the
workforce to remain competitive in the global economy, and resulted in the creation
of standards and assessments in many disciplines. The USA professional technology
teachers association (ITEA) has developed a number of iterations of standards in
Technology Education and other disciplines such as mathematics, social studies,
instructional technology, and science that explicitly have technology standards
within their respective sets of standards.

Phil points out that for technology education an issue with standards is their
validation. Mathematics education validates itself through the work of mathemati-
cians, and science education maintains legitimacy through the work of scientists.
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The multidisciplinary nature involved in the study of technology confounds the
validation of content. The impetus to revise and continue to develop standards seems
to be decreasing, and the focus within the Technology Education profession is
contested as technological literacy, or engineering, or a component of STEM.

In the next chapter which focuses on students, Cliff Harwood and Vicki Compton
(» The Importance of the Conceptual in Progressing Technology Teaching and
Learning) argue that technology education has a key role in enabling young people
to actively participate in a world facing complex sociocultural and environmental
challenges, and an economy that is shifting from being knowledge driven to being
innovation led by developing their technological literacy. While having international
application, the discussion in this chapter is supported by research conducted in
New Zealand to identify three phases to gauge how students progress their techno-
logical literacy: Foundational technological literacy, Citizenship technological liter-
acy, and Comprehensive technological literacy.

The knowledge teachers bring to the learning environment is critical and can be
categorized as Subject Matter — including both situated topic knowledge and generic
domain knowledge; Strategic Processing — including surface level and deep pro-
cessing strategies; and Motivational Interest — individual (general/professional) and
situational interests. Cliff and Vicki identify functional and practical reasoning as
important forms of reasoning, and are considered to underpin and support student
decision making when undertaking technological practice, and when analyzing the
practice and outcomes of others.

The role that out-of-school institutions such as community organizations, clubs,
camps, science centers, and zoos have played in enhancing technology education is
growing. In the final chapter Yvonne Spicer explains that the programs offered in
these settings provide an opportunity for youth to build upon their own learning and
expand their ideas that reinforce technology education content. Yvonne places these
experiences in the context of constructivism in which the connection between
individual, interpersonal, and cultural historical factors that affect learning enable
students to construct new knowledge and understandings in meaningful ways.

Yvonne’s chapter indicates that there is a well-established body of research on the
impact of out-of-school time activities to foster student engagement, though the
research on informal technology education is a relatively new initiative. The resur-
gence of Maker Spaces and Tinkering Studios reinforces the value of technology
education as a mechanism to support STEM content through the application of
knowledge and skills of design, creativity, and innovative experiences in out-of-
school settings.



Technology Education: An International
History
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Abstract

Major themes running trough the history of technology education are: moving
from craft to technology education, dealing with the vocational-general education
dichotomy, the relation with science education in STS and STEM, the emergence
of concept learning in technology education and the contribution of technology
education to the 21st Century skills.

Keywords
History of technology education ¢ Craft « STS « STEM e« Technological literacy *
21st Centrury skills

Contents

The Craft OTIZIN .. ...ttt et ettt e ettt e e e e e 74
The Vocational Versus General DiSCUSSION .........oouuetiitiieiiiiit i enaae. 75
STS and Beyond ..o 76
DTS 4 N 77
Technological LAteracy . ... ....couutie ittt e 78
Concept LEarning ... .oo.uetet ettt ettt e 79
218t Century SKIlS . . ..ot 80
ST EM et 81
Looking Back to the Future .......... ..o e 82
RETCTENCES . ... e ettt e e e 83

Writing an international history of technology education seems like an impossible
enterprise. There are many countries that have technology education, and the
developments have been quite varied in different countries. In a previous
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international handbook, published by Sense Publishers, there was a special section
for historical accounts for individual countries (Jones 2009). In this new handbook, a
different approach will be taken. Rather than having descriptions of individual
countries, some overall themes that run through the history of technology education
in various countries will be taken as organizing principles for describing how
technology education has emerged as a domain that more and more developed an
international dimension. Due to the series of international conferences and the
international journals for technology education, the exchange of ideas and informa-
tion has led to a certain merger of approaches, and a lot of cross fertilization has
taken place over the years.

The bird’s-eye view that is offered here focuses on technology education as a
school subject. Of course, teaching about technology also takes place in subjects
like physics, history, economics, and the like, but here the focus will be on a
distinct learning area in the curriculum that is entirely dedicated to technology.
The main basis for this rough historiography is the programs of international
conferences on technology education, of which the Pupils’ Attitudes Towards
Technology (PATT) conferences are the most long-standing series. They started
in the early 1980s when many countries went through a transition from craft
education to technology education and are still ongoing. The table of contents of
the proceedings for those conferences form as it were a timetable of develop-
ments in technology education internationally. Of course they also form the
material for a history of PATT research, but that is the focus of a different chapter
in this volume.

The Craft Origin

In most countries, technology education emerged from craft education (either as part
of general or vocational education). This background throughout the history of
technology education has been a plague for its reputation. Craft education is seen
as a subject of low status. It is in the same realm as physical education or religious
education. It is nice to have in the curriculum as it offers some “distraction” for
pupils in the midst of the more “demanding” and more important subjects. In a way,
that is a strange idea, because originally craft education was seen as of generally high
educative value (Holdsworth 2006). Pedagogues like Comenius, Frobel, Montessori,
and Pestalozzi emphasized the importance of learning craft skills for the total
development of the child. In Scandinavia, the tradition of Sloyd education was
developed in the late nineteenth century by Otto Salomon in Sweden and Uno
Cygnaeus in Finland. The Sloyd tradition is particularly of interest as here we also
find a national-cultural dimension (Olafsson and Thorsteinsson 2009). Making
traditional local or national products contributed to the child’s and pupil’s self-
awareness as an inhabitant of a certain area of country. For some time, the Sloyd
“paradigm” was influential throughout Europe, and teachers came from all over
Europe to Sloyd centers such as Naas (near Gothenburg in Sweden) to learn how to
teach Sloyd. Even today, Sloyd is taught in schools.
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The purpose of craft and Sloyd education was learning the skills for making
useful products. In the beginning, that was done by using hand tools. Later also
machines entered the workshop. The machines allowed for production in larger
numbers. Thus the effects of the Industrial Revolution also reached education. In
some countries, that led to a shift toward “industrial arts” education. Particularly in
the USA, this type of education became a fairly stable part of the school curriculum.
Along with it came the foundation of a teacher association for this subject: the
American Industrial Arts Association (AIAA). Typical for industrial arts in schools
was that all pupils in a class would make exactly the same product. The quality of the
product was the main criterion for assessing the pupils’ performance in the subject. A
major step forward in the development of industrial arts education in the USA was
the developments of standards for that subject. A group led by Dr. William
E. Dugger produced a document in the late 1970s (Dugger 1987). From those
standards, and also from the influential Jackson Mills Curriculum Theory document
that was published in the early 1980s, it could be read that more than craft was at
stake (Starkweather 1992). Other aspects of industrial making processes, like orga-
nization and professions, were part of the curriculum. But still the making of useful
products, both by hand tools and machines, remained the main activity in the
workshop.

The Vocational Versus General Discussion

Another background of technology education that has plagued its reputation
throughout its history is its close ties with vocational education. In the previous
section, the general formative dimension of craft education was highlighted. But
there is a second perceived benefit of the learning of craft skills, which is its
contribution to vocational education. The reason that this became an image problem
for technology education is that vocational education in itself is seen as lower status
than pre-university or pre-college education. Whether or not the origin of this is the
ancient Greek preference for cognitive rather than manual labor, it is a fact that in
most countries education in which cognitive skills are the primary purpose is valued
more than education in which manual skills take that place. One can question if that
does justice to the nature of humans, but for technology education, the association
that was and often still is made to vocational education causes a lack of appreciation
for that subject (Shield 2003).

In most countries, the choice between general and vocational education is not
made directly after primary education, but in some countries, like in the Netherlands,
it is. Pupils of ages 12 or 13 years make this choice that has an enormous impact on
their future school life and beyond. The Netherlands is an extreme case to show how
much technology education originally was tied to vocational rather than general
education. In the Dutch curriculum, a school subject called general techniques was
featured in the curriculum in the 1970s and 1980s but only in the vocational
education curriculum (the name of the school type was “lower vocational educa-
tion,” which further decreased the perceived value of that type of education; de Vries
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2003). The low status of the subject was further enhanced by the fact that there were
no official attainment targets; schools in fact could give it any content they liked. In
some schools, it was a woodwork or metalwork course, and in other schools, it could
even be a bookkeeping course. The confusion was partially caused by the term
“techniques,” which can mean a clever way of doing any kind of activity (the
technique of piano playing, for instance). When later, in 1993, the new subject
technology was introduced in both general and vocational schools, many people saw
it as a sort of continuation of the old subject general techniques, and with that the
status of technology education in the Netherlands was problematic from the start.

STS and Beyond

Another problematic issue in the history of technology education is its relation to
science education. In the late 1970s, the social critique on science and technology
that had emerged in the late 1960s and early 1970s began to get a foothold in
education in the form of science, technology, and society education (Cheek 1992;
Ratcliffe 2001). In this type of education, the social dimension of science was the
main focus. It was obvious from the start of the STS movement that technology
would have a prominent place, because most of what we experience in terms of
socially problematic effects of science is through technological applications. At
least, that was the perception in the “technology as applied science” paradigm,
which at that time was still in the mainstream of thinking about the science-
technology relationship, both in philosophy and in education. This same paradigm
caused the whole design process with all its decision-making based on many other
considerations than the use of science knowledge to remain hidden from pupils and
teachers. Consequently the effect of the STS movement was that the term “tech-
nology” increased in importance in education, but the true nature of technology
was still largely absent. Yet, the fact that the term “technology” suggested that now
technology was dealt with in education hampered the development of a subject in
which that true nature of technology was made clear. Science teachers now could
easily claim that they “did” technology and that there was no need for any further
attention for technology in the school curriculum. Technology had risen in status
because of its association with science rather than craft but at the cost of its real
character.

There were major STS projects in various countries. In England, for instance,
there were two major projects, one called science in a social context (SISCON) and
the other science and technology in society (SATIS). In the Netherlands, the PLON
project (Project Leerplan Ontwikkeling Natuurkunde, that is, Project Curriculum
Development in Physics; Eijkelhof and Kortland 1988) had an international rep-
utation for being a well-elaborated effort to realize STS education in a very
practical way. In the USA, a special association for STS education was founded:
the National Association of Science, Technology, and Society (NASTS). This
association was very instrumental in disseminating the idea of STS education
nationwide.
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Unfortunately the whole STS movement was almost entirely unrelated to tech-
nology education, for the simple reason that technology education was still in the
process of getting out of the craft phase. Besides that, craft or industrial arts teachers
usually did not have a background in science, which of course made contact with
science education problematic anyway. A rather different approach was taken in
Sweden, where social aspects of technology became an important part of the
technology education curriculum, but without the dominance of science that had
characterized the STS movement.

Design

So far we have seen three problematic background factors in the history of technol-
ogy education. All three are characterized by a strong reduction of the meaning of
technology: either in the sense of technology being mainly handicraft work or
technology being the application of scientific knowledge. Neither of these reductions
contains what gradually became a core element in technology education, namely, the
activity of designing. It was particularly in England and Wales that this dimension
emerged as an important component of technology education. This happened in a
stepwise process that is reflected in the consecutive names of the subject: craft; craft,
design, and technology (CDT) (early 1980s; Penfold 1988); and finally design and
technology (D&T) (late 1980s; McCormick 1993). The introduction of D&T was
part of the introduction of a national curriculum, which at that time was new to that
country. One of the positive aspects of the relative freedom of the previous period in
which CDT could be given different content in different schools is that the best
schools got every opportunity to develop excellent practice. The flipside of that coin,
of course, was that poor schools would give poor content to CDT. The national
curriculum provided a means for the inspectorate to maintain a certain minimum
level for all schools. The position of design became stronger as the years went
on. For CDT teachers, implementing design activities was often still a struggle, but
by the time the transition to D&T was made, a sound position for design activities in
the classroom practice had been established. The strong emphasis on design had a
positive and a negative effect. The positive effect was that England and Wales
became a source of inspiration for the rest of the world in the development of
technology education. Whole groups of teachers came from the USA to visit schools
in England and watch CDT/D&T practice. The negative effect was that the engi-
neering council expressed doubts about the disciplinary status of the school subject,
as it seemed to lack knowledge content. Later, a perceived lack of epistemological
basis was again brought forward as a critique and then almost led to the change of
status in lower secondary education. One of the unique features of CDT and D&T in
England and Wales is that they were taught in all levels of primary and secondary
education (Key Stages 1 through 4). In the 2000s, the compulsory status of D&T in
KS4 was changed to an elective, and the lack of epistemological basis almost led to a
similar change in KS3. Fortunately that did not happen, but it showed that the chosen
bias toward design had its pros and cons.
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Technological Literacy

In the late 1980s, the social concern about science and technology, expressed in the
STS movement, turned to a new terminology, namely, that of scientific and techno-
logical literacy. The transition was more than a terminological one. Scientific and
technological literacy had a less “activist” association than STS had had. The term
technological literacy did not only comprise the ability to critique technology,
although that was definitely still an important part of it. But it also meant being able
to live and work in a technological society by making responsible and sophisti-
cated use of technology. The term became so important that in the USA a Council
on Technology Teacher Education (CCTE) handbook was dedicated to this term in
1991 (edited by Dyrenfurth and Kozak; Dyrenfurth 1991). The real importance of
the term in the USA (and soon also in other countries) became evident when a new
set of standards was developed under the title of Standards for Technological
Literacy. Again Dugger led this project, and it was executed under the umbrella
of the International Technology Education Association, the former American
Industrial Arts Association that had changed its name in 1985 (Dugger 2006). In
the 1980s important developments had taken place in the USA that justified this
name change for which the before-mentioned Jackson Mills Curriculum Theory
document had laid the foundations. Technology education (this was the term that
was now used for the subject) was defined in terms of technological systems in four
domains: manufacturing, construction, transportation, and communication. It is
clear that this approach was much closer to technology as we find it in society than
the former approach in terms of industrial production and related disciplines
(Foster 1994). Strategically the choice for developing Standards for Technological
Literacy than for technology education was very wise. The new term suggested
that technological literacy is not only a matter of one subject (technology educa-
tion) but something that other subjects (like science education) could also contrib-
ute to. Another strong point in the development in the Standards for Technological
Literacy was that the “blessing” of the National Academy of Engineering was
sought. This Academy was a socially strong partner. The NAE had a lot of
requirements before acceptance, but in the end these were all met in the final
document, and the NAE agreed to support the Standards for Technological Liter-
acy. This link to engineering would later on become even more important (see the
section on “STEM”).

One of the side effects of the new emphasis on technological literacy was an
increased interest into the philosophy of technology. After all, to be a technolog-
ically literate person, one must at least have a proper image of what technology is
and how it interacts with humans and society. This is precisely what (continental)
philosophy of technology is concerned with (see » Chap. 2, “Philosophy of
Technology: Themes and Topics” in this volume). One of the ways to promote
interaction between philosophers of technology and technology educators was to
invite the philosophers as keynote presenters at technology education conferences.
This happened at the Jerusalem International Science and Technology Education
Conference, organized by Tamir, and later in Glasgow at the International Seminar
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on Design and Technology Education Research, organized by Dakers and Dow in
2007. The relation with philosophy of technology would also become more
important due to a next development that emerged in the 2000s and which is the
focus of the next section.

Concept Learning

For many school subjects, there is a disciplinary canon that can be taught. For
physics, for instance, this entails basic concepts like energy, force, field, current,
voltage, temperature, and pressure, just to mention some of the many. Such concepts
and the principles or “laws” that inform about relations between them form the
disciplinary core of a subject. As long as technology education remained close to
craft, such a disciplinary core had not been a real concern. Even when design became
an important activity in technology education, the interest for a disciplinary core of
basic concepts could remain modest (as was the critique of engineers on the
curriculum in England and Wales as was described in the section on “Design”).
But in some countries, concept learning had been a focus for a longer time already.
Two prominent examples of such countries are the former East Germany and West
Germany, later to be merged into Germany. In East Germany, as in other countries in
the former Eastern communist bloc of Europe, polytechnic education was an impor-
tant school subject. The reason for this was not in the least a matter of ideology. In
communism, production is where the social power is, and therefore teaching about
this production was seen as a core task of education, not only vocational but also
general education. Although practice was often focused on the making process, in
teacher education institutes, there was substantial interest in developing theories to
be taught in polytechnic education. Blandow was one of the experts who did a lot of
work on this (Blandow 1988). Nowadays his schemes have a strong flavor of
complexity, but in the 1970s and 1980s, they were seen as important foundations
for polytechnic education. Meanwhile in West Germany similar developments took
place, be it with a more specific focus on systems thinking. Learning about systems,
the system hierarchy, input, process, output, and feedback was at the heart of the
curriculum (although here, too, often practice in classrooms was much more making
oriented).

In a way, the concept of systems had also found a place in the USA curriculum
(see the section on “Technological Literacy”) but on a very basic level. The deeper
learning of technological concepts caught on in the 2010s when research into how
pupils understood systems began (e.g., in the Netherlands and in Sweden). In 2009
an international Delphi study was done by Rossouw, Hacker, and De Vries to
identify the basic concepts in technology and engineering according to a panel of
engineering educators, technology educators, and philosophers of technology
(Rossouw et al. 2011). The outcomes of this study were used in a consecutive
project led by Hacker on Engineering For All in which modules were developed
for concept learning aa a primary goal. The fact that philosophers were present in the
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panel indicates that this concept learning development was another reason for
seeking contact with this reflective discipline.

Perhaps the most extreme use of philosophy of technology to seek a conceptual
basis for technology education curriculum development was found in New Zealand.
In the New Zealand curriculum for technology education that was published in 2007,
we find explicit references to insights from the philosophy of technology as they had
been gained in the technological knowledge and nature of technology project that
had been led by Vicky Compton (University of Auckland) (Compton and France
2007). She even went to dedicated philosophy of technology conferences (e.g., one
in the Netherlands on the nature of technological knowledge) to speak to philoso-
phers of technology. The New Zealand developments were also of interest because
of the way various relevant actors worked together. The ministry worked with
technology education researchers and teacher educators to develop a curriculum
that was supported by industry and carried out by teachers who met in an active
teachers’ association (Technology Education New Zealand, TENZ) (Jones and
Moreland 2000).

21st Century Skills

In the late 2000s, an old idea revived under the title of “21st century skills.” These
are broad and general skills that all citizens need to have and that should be
learned in education. The idea was old in that skills like creativity, working
together, problem-solving, presenting and communicating, and the like were
already mentioned often when technology education began to emerge out of
craft-like subjects. The claim was often made that technology education would
be the best school subject for teaching and learning such skills. In the 1980s in
(West) Germany, the term “Schliisselqualifikationen” (“key competencies”)
became popular as a primary goal for technology education (Lutherdt 1995;
Theuerkauf 1995). This idea was stimulated particularly by industry who realized
that education could never be as up-to-date as industrial companies in terms of
the latest technologies being taught and that therefore it would be more valuable
if schools would concentrate on more generic skills with which the future
workforce would be able to keep learning on a continuous basis. Also the
industries became increasingly aware of the importance of problem-solving and
communication skills for people working in business companies as the lack of
these skills had often caused failures on product development and implementa-
tion in the past. For some decades, the term disappeared from the programs of
technology education conferences but in the late 2000s revived in interest.
Although technology educators had become more modest in their claims about
what technology education could mean for these skill, it was still clear that at
least potentially technology education could play a role in the teaching and
learning of those skills (Pavlova 2016; Ritz and Bevins 2016). The interest in
21st century skills among technology educators can be read from, e.g., the series
of articles on this topic that appeared in Children’s Technology and Engineering,
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the primary technology education magazine that is published by the International
Technology and Engineering Education Association (ITEEA; formerly the ITEA,
without the E for Engineering). The National Academy of Engineering in the
USA linked the promotion of 21st century skills with pre-university (K-12)
engineering education. That brings us to a next issue in the historical develop-
ment of technology education.

STEM

STEM is the acronym for science, technology, engineering, and mathematics. The
term began to catch on in USA politics as a result of a growing concern about the
future workforce in what was called the STEM disciplines (mark the plural). In that
terminology, STEM is a set of disciplines that are not necessarily connected in
content or pedagogy. The term was adopted by UK politicians also. At first there
was a grounded suspicion among technology educators that STEM might well be a
revival of STS in which the role of technology education had been marginal (Barlex
2011). But in the UK, for instance, a serious influence of technology education was
safeguarded, not in the least by the efforts of David Barlex.

STEM clearly has an attractive potential for solving some of the issues that have
troubled the position of technology education in the curriculum from the start. STEM
would bring technology education in the realm of science and mathematics education
that are subjects with a high status from which technology education could gain.
Science education has long been searching for possibilities to get rid of its abstract
image among pupils, and technological applications were the answer that was
exploited in STS, but never really worked because the specific characteristics that
make technology attractive for pupils (design activities that allow for real ownership of
pupils) mostly remained hidden. If STEM could do better than STS in that respect, it
might solve both science (and mathematics) education’s image problem and technol-
ogy education’s status problem. The challenge, however, is to find such activities that
integrate S, T, E, and M in such a way that it appears a natural combination to pupils.
Doing an experiment in a design activity without the outcome of the experiment
having any relevance for the design is artificial and pupils have a good sense for that.

STEM also raises the question: how about the E? In primary and secondary
education, we have S and M education for a long time already, and since the 1970s,
we have the T also, but E is still absent in most countries’ primary and secondary
curricula (with some exceptions, for instance, in New South Wales, Australia). Is the E
different from the T anyway? There are good reasons for answering that question with
a firm “yes.” Generally speaking, technology education is largely qualitative while
engineering is more quantitative. In technology education, there are modeling activ-
ities, but the nature of models is never discussed as explicit as in engineering. In
engineering, the focus is on the development of products, while technology education
also has the consumers’ perspective. And finally, engineering is primarily a specific
professional domain, while technology education aims at preparing for all possible
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roles in society. Given these differences, STEM also has the potential to add new
content on engineering compared to what technology education has offered so far.

Looking Back to the Future

This brief history of technology education shows some of the challenges the subject
has faced through times. Due to these the position of technology education in the
curriculum was and still is debated in many countries. It is striking how influential,
though, an international lobby for having technology education in the curriculum
can be. In more than one instance (Australia, South Africa, Sweden), a call for help
by a technology education colleague to his international colleagues helped to save
the place of technology in the curriculum. By writing letters to governments and
other decision-making organizations, colleagues from around the world were able to
convince policy makers that doing away with technology education was not a good
idea and certainly not in line with international developments. Still, in some coun-
tries, there is every reason for concern. Germany used to have several centers for
technology education research and teacher education. Now there are few, although
fortunately they are growing in influence, also due to making international connec-
tions (as, for instance, in the Centre of Excellence for Technology Education that is
led by Mammes in Duisburg-Essen). In the Netherlands, there is a movement in the
direction of more and more schools integrating technology into science education,
which has deadly consequences for technology education in the case of schools
having a weak technology education program, but seems to be beneficial for the
status of technology education in the case of a strong technology education program.
In Finland, technology education used to have its own inspector (for a long time that
was Kananoja, who was very important for the emergence of technology education
in that country; Kananoja 1988), but now there is no longer that position. Even in the
UK, with its long-standing tradition in having genuine technology education in the
curriculum (Wilson and Harris 2004), design and technology use to be compulsory
for all stages in primary and secondary education (Key Stages 1-4), but it lost that
status in KS4 and it making D&T an elective subject in KS3 was also debated
(fortunately the debate was won by those in favor of keeping the compulsory status).
In the USA, the position of technology education is not questioned but the struggle
for status is still there. In New Zealand, the position of technology education with the
new curriculum seemed inconvincible (Ferguson 2009), but the shift toward “read-
ing, writing, and arithmetic” and to the interests of vocational education give reasons
for concern. All this shows that technology educators can never sit back and relax.
Governments want immediate effects of technology education on enrolment in
science and engineering academic programs, even though this is an unrealistic
demand for a relatively new school subject and the impossibility of proving causal
relations between school subjects and academic enrolment. Such demands are never
made to question the position of science or mathematics education in the curriculum.
But technology education because of its short history is in a vulnerable position. That
sets a challenge to technology educators. Their survival depends on their success in
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developing and maintaining excellent practices with sound support in high-quality
educational research. Such a stimulus perhaps is a blessing rather than a curse. But it
certainly provides strong motivation to work on constant improvement of technol-
ogy education, both in research effort and in curriculum development. Hopefully in
due time, there will be a second International Handbook of Technology Education
with a new chapter in the history of technology education that will show that
technology education has been able to overcome the hurdles of survival and flour-
ishes in many countries worldwide.
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Abstract

This chapter updates a study that began in 2006 to examine the areas of research
that are undertaken in technology education, as represented in the main profes-
sional journals and conferences. Each of the resulting 1498 publications has been
classified into 1 of 28 topics of research, and the resulting trends over time have
been presented and discussed. The research trends include increasing research in
STEM, learning and mobile/online learning, and less research about technolog-
ical literacy, sustainability, and values.
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disciplines over time in order to indicate patterns (Berryman 1982; Jarvelin and
Vakkari 1993; Price and Orman 2001; Reed and LaPorte 2015), some examples of
which follow in the review of literature. The patterns may relate to the past or be used
to predict future trends or be correlated with other professional developments.

This chapter follows two prior publications which outlined the first two stages of
this research and represents the third stage. In 2011 (Williams 2013), I presented a
review of journals and conference publications in technology education from 2006
to 2010 as one measure of the nature of research that was being conducted in the
area. An element of that review was a prediction of trends, from the findings, to
speculate about what research areas may develop and become more significant and
more common in the future. This prediction was integrated with personal experi-
ences and understandings to result in a speculative discussion of future trends.

In 2014 (Williams 2015), I extended this review, both in terms of the journals and
conferences covered, and the time period to include 2011-2013, in order to evaluate
those predictions and refine possible future trends and to answer the research
question: What are the developments and trends in technology education research?

In this chapter a review of the years 2014-2015 has been added. It is hoped that this
will be useful to researchers in the area of technology education who are planning
research and to stimulate discussion about the research that is needed in this area.

Literature Review

There is some, but not extensive literature about research in technology education.
Some of this research is presented chronologically in the following section. One of
the earliest studies was conducted by Petrina (1998) who reviewed the 1989—1997
issues of the Journal for Technology Education. He found that most research was
about curriculum, and very few studies dealt with teaching and learning in technol-
ogy education. A little earlier, Zuga (1997) reviewed 220 journals and abstract
databases from 1987 to 1993, and her conclusion also was that a significant majority
of the research was about curriculum content, and very little research focused on
students and teachers and the effectiveness of technology education. She concluded
that the four arecas missing from technology education research were
(a) constructivism, (b) integration, (c) inclusion of all students, and (d) cognition.
In 2005 Sontos used the same classifications as Zuga to analyze technology educa-
tion dissertations in the USA between 2000 and 2005 and concluded that there was
an increase in instruction-related research and a decline in curriculum studies.

In an editorial in 2003, deVries surveyed volumes 4-10 of the International
Journal of Technology and Design Education with the questions:

* What and why to teach and learn about technology?
* To whom and by whom to teach and learn about technology?
* How to teach and learn about technology?

He identified four groups of “hot topics” in the 99 articles he examined. These
were (i) design and problem-solving, (ii) values and pupils and teacher’s concepts
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and attitudes, (iii) studies related to national curriculum, and (iv) the identity of
technology and technology education and its relationship with science. deVries
concluded that:

* The field of curriculum goals and content is well covered in the articles surveyed.

* More attention is being paid to educational practice than in the past.

» But research into pupils understanding of technological concepts is very rare,
unlike science research into student concepts.

So in a general sense by the mid-2000s, the trend is away from most research
being in the area of curriculum and more research on teaching and students. This is
confirmed by Middleton (2010a) and Johnson and Dougherty (2008). Johnson and
Dougherty reviewed 199 articles published in four journals (the International Journal
of Technology and Design Education, the Journal of Industrial Teacher Education,
the Journal of Technology Studies, and the Journal of Technology Education)
between 1997 and 2007. In this study, the articles were coded according to type of
research, research method, primary data source, data type, and research focus. The
seven most common foci areas of these articles were teaching, learning, curriculum,
opinions-attitudes, design, problem-solving, and assessment-evaluation. Reflecting
an American perspective, the authors advocated a need for more studies in engi-
neering, design, creativity, and problem-solving.

Middleton followed this up in 2010b with an analysis of the publications in the
Journal of Technology Education and the International Journal of Technology and
Design Education, for the period 2000-2008. He concluded that:

The most striking shift in the later data is the move from studies on what to teach which is
down from 58.4% to 27% of all papers, to studies on to and by whom (up from 11% to 22%)
and how to teach, up from 31.7% to 51%. Thus, earlier calls by Zuga and Petrina appear to
have been heeded with an increase in research activity on topics such as how teachers and
students perceive teaching and learning in technology education and a larger increase in
studies examining how learning occurs and what needs to be done to make it effective.
(Middleton 2010b, p. 280)

In 2010, Sherman et al. (2010) reviewed 24 research articles published between
1995 and 2008 on middle school technology education from four journals: Journal
of Technology Education, Journal of Technology Studies, Journal of Industrial
Teacher Education, and the International Journal of Technology and Design
Education. This review indicated that a significant number of these articles were
focused on the process/content development of new technology education curric-
ulum and to a lesser extent examined methods by which these new curricula can
be successfully presented to teachers. They concluded that “relatively little is
known about contemporary middle school technology education teaching”
(p- 377).

Another analysis of the International Journal of Technology and Design Educa-
tion was conducted by Christensen et al. (2015) who considered 311 articles
published between 2005 and 2014. The topic analysis was based on the article titles
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and resulted in the five most commonly occurring words being design (22%),
technology (22%), education (16%), learning (11%) and engineering (5%).

A consensus on the direction of future research in technology education was
developed by Ritz and Martin (2013) through the use of a Delphi technique with a
panel of international experts in 20 different countries. They concluded that the five
most important issues requiring research related to K-12 technology education were:

+ Abilities students develop through the study of technology education.

* There is insufficient understanding of learning that takes place through the
technology curriculum.

» Designing for sustainability and global citizenship.

» Technological conceptual knowledge.

* How do students learn in technology education (p. 780).

They also concluded that, related to teacher preparation, the five most important
issues requiring research were:

» Lack of understanding about the epistemic beliefs of teachers

* How should design activities, aimed at concept learning, be taught by teachers
* Understanding of pedagogical content knowledge

* Methods of assessment in technology education, particularly of practical work
* How do teachers’ beliefs affect program delivery (p 781)

The centenary of the US Mississippi Valley Technology Teacher Education
Conference in 2013 was seen as an occasion for reflection on the history of the
conference. At this time Wells (2015) conducted a content analysis of the discussion
topics as reflected in the presentation titles or descriptions listed on the agendas of
the annual meetings of the conference. While not necessarily indicating research
trends, the agendas do reflect the professional concerns of the conference member-
ship. Over 104 years there were 819 presentation topics which were grouped into
seven themes, three of which (teacher preparation, policy, and epistemology)
accounted for 76% of all presentation topics, with 12% attributed to one other
theme (Pedagogy), and the three remaining themes (research, conference evaluation,
and facilities) accounting for the final 12% of topics. Wells concluded that:

There is a strong inverse relationship between Teacher Preparation and Policy in which a rise in
policy trends precede and are therefore potentially informing Teacher Preparation. The Episte-
mology theme never falters in its path toward becoming the topical area of greatest concern
today and providing a century of discussion that offered direction to the profession. Equally
consistent though opposite to epistemological concerns was the lack of attention paid to
Pedagogical issues throughout most of the MVC history. However, in the last decade, percent
occurrence of presentations addressing pedagogical concerns has risen dramatically, which is an
encouraging trend in attention to an area of such importance to the profession. (p. 27)

While not focusing specifically on research, Reed (2015) also conducted a
content analysis of 5369 special interest sessions of 37 ITEEA (and formerly
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ITEA and AIAA) conferences from 1978 to 2014. These sessions make up the bulk
of the conference program and are vetted but not refereed by the conference
committee, so some are research, but most are presentations of classroom practice.
Thirty one content categories were identified, with the following topics most com-
monly represented at the conferences: curriculum (28%), design (12%), research
(10%), methods (10%), and engineering (9%) and a growing number in the catego-
ries of biotechnology, curriculum, engineering, gender, design, distance learning,
elementary, leadership, research, technological literacy, and STEM integration.

Apart from journal and conference publications, there are some other sources
which provide snapshot indications of research that is being conducted. The Inter-
national Handbook of Research and Development in Technology Education (Jones
and deVries 2009) provides a broad overview, including research, of some of the key
areas of technology education: international developments, the nature of technology,
perceptions of technology, technology and science, learning and teaching, assess-
ment, teacher education, and theoretical and practical approaches. In the final chapter
of this volume, Jones looks forward to identify issues such as the need for a closer
alignment between research, development, and practice.

The early work in technology education spent much time defining the field and the
curriculum. More recently there has been an increase in the amount of research that has
the potential to inform practice... However, although research may be seen to inform
practice, how it gets translated into practice is another matter. Involving teachers as research
partners rather [than] ‘the researched’ is a way of breaking down some of these barriers.
(p. 690)

Obstacles to the development of research in technology are identified as including
limited funding and research assessment exercises which reward publication in
“high-level” journals, of which there are few in the relatively new discipline of
technology education.

An indicator of research in a particular region is provided in the book Technology
Teachers as Researchers (Skogh and deVries 2013) which featured doctoral students
who were involved in the “Technology Education for the Future” (TUFF) project.
The Swedish government funded 12 teachers to research teaching and learning
elements of their practice as the pathway to achieving a PhD degree, and each
contributed a chapter to the book based on their research.

An alternative approach which focused on the methodology of research can be
found in Middleton’s (2008) book Researching Technology Education which repre-
sents a picture of the type of research that has taken place in technology education,
rather than the content of the research, which is the focus of this chapter. The
research methods described in this book include case studies, collaborative case
studies, repertory grids, cultural-historical approaches, action research, comparative
research, observations, video-simulated recall, verbal protocol analysis, and design.

There are other sources which also provide an indication of research that is taking
place in technology education which have not been interrogated as they are beyond
the scope of this study. Reed (2001) assembled an electronic list of postgraduate
student research in technology education titled the Technology Education Graduate
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Research Database (TEGRD). Incorporated into this database were the results of a
search of Dissertation Abstracts Online (ProQuest) using the following terms:
manual training, industrial arts, industrial education, technology education, indus-
trial technology, trade and industrial education, and industrial vocational education.
The TEGRD initially contained 5259 entries spanning 1892-2000.

Loughborough University in the UK also hosts a database which can be found on
the university’s Open Journal Systems (OJS) server. All the papers published in
Design and Technology Education: an International Journal (2005 onwards) and
those published in earlier versions including The Journal of Design and Technology
Education (1996-2004), Design & Technology Teaching (1989-1995), and Studies
in Design, Craft and Technology (1970-1988) can be searched and freely
downloaded.

No comprehensive source of information about research in technology education
was discovered for this review, indicating a gap in the literature which justifies this as
an ongoing area of research. Much of the literature surveyed in this brief review,
from the late 1990s on, concluded that the most common area of research has been
related to curriculum (Petrina 1998; deVries 2003; Middleton 2010b; Wells 2015;
Reid 2015) and that there is a need for research in teaching and learning (Zuga 1997,
deVries 2003; Ritz and Martin 2013). The next section of this chapter will indicate
that not much has changed.

Review Method

In the 2006-2010 study (Williams 2013), I analyzed research that had been
published in three journals and presented each year at four conferences. The journals
were:

1. The Journal of Technology Education, edited in the USA and published in paper
form and freely available on the Virginia Tech website

2. The International Journal of Technology and Design Education, published by
Kluwer in the Netherlands, available by subscription in paper and online

3. Design and Technology Education: an International Journal (journal of the
professional association in the UK, available freely to association members in
paper and online)

The four conferences reviewed were the:

1. Annual UK Design and Technology Association conference

2. PATT conferences which occasionally have more than one in a year

3. Biannual Technology Education New Zealand professional association
conference

4. Biannual Technology Education Research Conference (TERC) sponsored by
Griffith University in Australia
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This analysis resulted in 472 manuscripts which were either published or
presented.

In addition to these sources, for the 2011-2013 period (Williams 2016), I added the
Journal of Technology Studies (the journal of the Epsilon pi Tau professional tech-
nology fraternity in the USA), the biannual Asia-Pacific International Conference on
Technology Education (ICTE), and the Council for Technology and Engineering
Teacher Education (CTETE) conference, which is run in the USA each year in
conjunction with the ITEEA conference. The UK Design and Technology Association
conference was not included in the 2011-2013 period because there have been
minimal research papers presented at this conference. This period added another
713 manuscripts to the 472 that had been analyzed previously for a total of 1185.

For this chapter, an analysis of a further 313 publications and conferences in
20142015 were added to the data, and one journal was added to those already
analyzed, the online Australasian Journal of Technology Education. This provided
for a total of 1498 conference papers and journal articles over the 10-year period
2006-2015. These sources of data are summarized in Table 1.

Table 1 indicates that the comparison across the three stages of the research must be
analyzed with caution, because the 2011-2013 period included some sources that were
not included in the original timeframe: the US-based Journal of Technology Studies
(JTS), the Asian-based International Conference of Technology Education (ICTE),
and the US Council of Technology and Engineering Teacher Educators (CTETE). For
example, the CTETE conference included 32% of papers on the topic of STEM, and

Table 1 Sources of data
20062010 | 2011-2013 |2014-2015

Publications

Journal of Technology Education * * *
International Journal of Technology and Design * * *
Education

Design andTechnology Education: an International * * *
Journal

Journal of Technology Studies * *
Australasian Journal of Technology Education *
Conferences

Design and Technology Teachers’ Association *

(DATTA, UK)

Technology Education New Zealand (TENZ) * * *
Pupils Attitude Toward Technology (PATT, US and | * * *
International)

Technology Education Research Conference * * *
(TERC, Australia)

International Conference on Technology Education * *
(Asia-Pacific)

Council for Technology and Engineering Teacher * *

Education (CTETE, US)
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this focus is influential in the dominance of STEM as an overall area of research. Then
in the final stage, the Australasian Journal of Technology Education was added.

While the journals and conferences selected for analysis are those which focus on
technology education, the methodology of sample selection was still somewhat
idiosyncratic, as there is research taking place in, for example, South America,
Northern and Eastern Europe, and Southern Africa that was not considered in this
analysis. There are also a number of related journals which include technology
education content but have a broader scope, such as the Journal of STEM Education,
the International Journal of STEM Education, the Journal of the Japanese Society for
Technology, Techné: Research in Philosophy and Technology, Career and Technical
Education Research, the Journal of Career and Technical Education, the African
Journal of Research in Mathematics, Science, and Technology Education, Research
in Science and Technology Education, and the International Journal of Research in
Science and Technology Education.

This represents a limitation of the findings. Within those limitations, the research
approach was inclusive and so considered papers which were clearly and identifiably
research, posing an empirical question and using quantitative or qualitative methods,
but also papers which were more theoretical position papers, retrospective analyses,
and presentations of practice. The rationale for this broad approach was that it would
provide a more representative indication of academic pursuit within the community
of technology educators.

The topic categories were developed initially for the 2006-2010 study through an
inductive process of development, which was not predetermined and allowed for
flexibility (Braun and Clarke 2006). A qualitative approach was initially used for
category development and allocation, followed by a quantitative approach to gener-
ate frequency data (Wells 2015). As the source papers were scanned, they were
allocated to a topic. A refinement process was utilized initially involving some
reallocation and coding adjustment, until a stable situation was achieved in which
each new paper clearly fitted to an existing topic. Some papers could be coded based
on the title, some required a review of the abstract, and others had to be read more
thoroughly in order to classify according to topic. Each paper was coded only in one
category, so in some instances, a judgement was made about the main focus of the
paper. While coders may subjectively interpret data for coding purposes according to
their conceptions, some consistency was provided in this study in that one person did
all the coding over the three phases of the study. The coding scheme of 28 topic areas
proved to be stable for the second and third stages of the study.

Findings

As aresult of the analysis, 28 categories of research were identified. Table 2 presents
exemplars of content that were identified in the top 10 categories.

The most productive source of research papers over this 10-year period was the
PATT conferences (404 papers) because of their frequency, for example, there were
two conferences in many years during this period, one each year in conjunction with
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Table 2 Exemplars of content

Category Exemplars

Curriculum Elements of the technological knowledge strand, the importance of
engineering technology, the Hong Kong TEEN project, Khan Academy
curriculum, development of project-based curriculum, holistic and universal
technology education

Design Conceptual foundations of design and other theoretical perspectives,
analysis of pupil design decisions, exemplars of and correlations between
design practice in school and in industry, design teams, designing and
teaching styles and elements of student design

STEM International vires of STEM, results of an integrated curriculum, when
science introduces engineering, teaching STEM to math and science
teachers, integrated STEM education

Teaching The use of physical modeling, problem-based learning, teaching through
design, metaphor and pedagogy, and the constituents of effective teaching

Learning Analysis of spatial visualization ability, collaborative method of learning
content, modeling in engineering design processes, the mediator effects of
imagination, the role of graphics in learning

Teacher Emancipation framework for technology education teachers, the impact of

education cognition of technology and preservice teachers, technological literacy
courses in preservice teacher education

Thinking Visual thinking and student engagement, fostering extended thinking in the
design process, the application of critical thinking to technological issues,
scaffolding students’ idea generation

Attitudes (PATT) | Pupils’ perception of design and technology, Swedish students’ views on
technology, analyses of PhD’s perceptions toward the technology education
profession, what is the point of design and technology education

Technological Technological literacy and technological culture, an instrument to determine

literacy technological literacy levels, measuring the influences that effect
technological literacy

Mobile/online History of virtual worlds, adapting mobile technology in higher education,

learning meta-analysis of mobile learning research, augmented reality prototypes,

online collaboration in a design studio

the International Technology Education Association Conference in the USA and one
in another country. Fortunately now, most of the PATT conference proceedings are
available through the International Technology Education Association website
(http://www.iteea.org/Conference/pattproceedings.htm). The most productive of
the four journals was the International Journal of Technology and Design Education
(263 papers). This is the only technology education journal consistently cited in
international lists of “high -impact journals” and so has a significant status within the
profession and has also increased the number of published volumes per year from
three to four.

The most common research topics to be covered in the journals over this period
(2006-2015) are mostly explicable:

* Journal of Technology Education: the fact that STEM topics were covered most
frequently (15%) is not surprising given the emphasis that is being applied to
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STEM initiatives in the USA. For a similar reason, the conference that had the
highest number of STEM research papers (45%) was the CTETE conference, also
reflecting NSF-funded STEM projects.

* International Journal of Technology and Design Education: the most frequently
published research topic was around learning (11%).

* Design and Technology Education: an International Journal most frequently
published research related to design (10% in 2006-2010 to 13% in 20062013
to 26% in 2014-2015); not surprising in a curriculum context where the school
subject in England is called design and technology.

» Journal of Technology Studies most common publication topic over the 10 years
was related to mobile and online learning (19%).

* Australasian Journal of Technology Education published 15 articles in
2014-2015, and there was no clearly most common topic.

The most common research topics to be covered in the in the conferences over
this period were:

* PATT conferences: Technological literacy was the most frequently presented
topic in 2006-2013 (8%), but in the 2014-2015 period, the most common topic
was related to attitudes (18%).

» TERC: Research about values and beliefs in technology education was most
commonly presented at the TERC conferences between 2006 and 2013 (14%),
but in 20142015, the most frequent topic was STEM (13%).

* TENZ conference: Over the 10-year period, curriculum was the theme most
frequently presented (19%).

* ICTE (Asia-Pacific): 13% of presentations were focused on the technology
education system of an identified country in 2006-2013, but more recently
(2014-2015), curriculum has been the most frequent theme (25%).

* CTETE conference: The topic of STEM was the most commonly presented,
increasing from 32% in 2011-2013 to 53% in 2014-2015.

It was significant that no single topic had an outstandingly high frequency of
papers, so a broad spread of research interest within the profession was
represented. A meta-analysis indicated that the most common topic across all
conferences and journals in the 2006-2015 period was curriculum (9.2%). This
continues a trend which was identified as early as the late 1990s (Zuga 1997),
namely, that curriculum is the most commonly researched area in technology
education.

After curriculum, in order of frequency, the following topics were the focus of
research papers over the 2006-2015 period:

(1) Design (8.6%)
(i) STEM (8.1%)
(iii) Teaching (7.7%)
(iv) Learning (7.6%)
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Table 3 Comparative ranks of research topics

2006-2010 | 20112013 | 2014-2015

Top 10 (06-10) 1 3 5 Design

2-3 2 1-2 Curriculum

2-3 12-13 16 Tech literacy

4 8 8 Thinking

5-7 5 34 Teaching

5-7 9-10 6 PATT

5-7 6 9 Teacher education

8 4 34 Learning

9 23 20 Values/beliefs

10 9-10 14-15 Sustainability/environment
Consistent Move >5 | 12-13 1 1-2 STEM

14 11 7 Mobile/online

20 14 12-13 Primary and ECE

24 17-18 12-13 Gender

The above summary is for the 10-year period of 2006-2015. Breaking this
information down into the three periods of analysis provides an indicator of how
the focus of research has changed over time. Table 3 indicates the frequency of the
10 most common research topics over the 2006-2010 period, which was reported in
2013 (Williams 2013), the 2011-2013 period (Williams 2015) and the 2014-2015
period.

It was noted in 2013 that it seemed that the scope of research in technology
education during this period was broader than in the past. The papers in the five most
common research areas in 2006-2013 constituted 35% of all research papers, but in
2014-2015, 52% of all papers were in the top five most common research areas. This
would seem to indicate a consolidation of more research taking place in fewer areas
rather than a broadening of scope.

With four exceptions, the top ten topics for the 2006-2010 period and the
2011-2013 period were the same: the exceptions were the areas of values and beliefs
and technological literacy which were out of the top 10 and STEM and /CTwhich are
now in the top ten. As stated, this comparison must be analyzed with caution,
because the 2011-2013 period included some sources that were not included in
the original timeframe: the US-based Journal of Technology Studies (JTS), the
Asian-based International Conference of Technology Education (ICTE), and the
US Council of Technology and Engineering Teacher Educators (CTETE). For
example, the CTETE conference included 32% of papers on the topic of STEM,
and this focus is influential in the dominance of STEM as an overall area of research.

Table 4 represents the most frequent topics of research during the period
2014-2015, from the extended sources of five journals and five conferences.

The most common 5 topics in 2014-2015 are the same as the previous
2011-2013 period: STEM, curriculum, design, learning, and teaching. With regard
to the 10 most frequently published topics, ICT and sustainability/environmental are
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Table 4 Frequency of

: Rank No Topic
research topics, 2006-2015 1 122 Curriculum

2 114 Design
3 108 STEM
4 102 Teaching
5 101 Learning
6 77 Teacher education
7 71 Thinking
8 68 PATT
9 57 Technological literacy
10 51 Mobile/online

no longer in the top ten, and mobile/online and research which focus on a country s
curriculum are included.

The three main areas of research within technology education have remained
relatively stable for the last 10 years: curriculum, teaching, and design; these areas
have accounted for just over 25% of all research publications in the ten sources cited,
and each have over 100 publications. The two other areas which have over 100 pub-
lications in this 10-year period are STEM and learning.

There is a big gap between these areas and the next most common areas which
have between 50—70 publications each: teacher training, thinking, PATT, technolog-
ical literacy, and mobile/online.

Table 5 compares the topics of research that have become more common and
those that have become less common when the 2006-2010 data is compared with the
2014-2015 data.

The four areas that have become less common (changed more than five rank
places) over the total period, in order of greatest rank difference, are technological
literacy, values/beliefs, teachers’ PD, and sustainability/environmental. The five
areas that have become more common (changed more than 5 rank places) over the
total 10-year period, in order of greatest rank difference, are gender, STEM, primary
and ECE, mobile/online, and learning.

Discussion

This current research supports the notion that research into areas of design and
curriculum has always been fundamental and common areas of inquiry and will
continue to dominate research in technology education. Technological literacy is a
less common area of research than in the past and that could be because there is a
feeling that technological literacy is now well established as a significant goal of
technology education, and so the research imperative is less.

It is not clear why values/beliefs and sustainability/environmental areas of
research are less common more recently. Environmental and sustainability issues
continue to be prominent in national and international discourses and remain an
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Table 5 Rank change of 5406 5010 compared with 2014-2015
research topics, 2006-2010

and 2014-2015 Area Rank change >5
Less common From To
Tech literacy 2.5 16
Values / beliefs 9 20
Sustainability/environs 10 14.5
Teachers PD 11 17
More common
Learning 8 3.5
STEM 12.5 1.5
Primary and ECE 20 12.5
Mobile/online 14 7
Gender 24 12

integral aspect related to the nature of design and technology. Similarly, no discus-
sion of technology is complete without a consideration of values. It remains to be
seen whether the decreasing amount of research in these areas is a trend or an
aberration.

The research around gender is generally about the disproportionate number of
females involved in elective design and technology education or in technology-
related professions, so it is a positive sign to see more research being conducted into
this area. This research is also related to the increasing volume of STEM research, in
which a common theme is increasing the number of females in the STEM
professions.

It is also positive to observe that more research is being conducted into how
students learn in technology and the learning processes involved. This has been a
suggestion from early reviewers of patterns in technology education research that a
more detailed understanding of how students learn in technology is needed in order
to inform curriculum and pedagogical approaches. The increasing number of
research papers with a focus on primary and ECE levels of technology education
may be an outcome of the cessation of the International Primary Design and
Technology Conferences (CRIPT), as this conference provided an outlet for research
focused at this level of technology education and was not included as a source of data
for this analysis.

The area of STEM research changed rankings (12.5 to 1.5) more than any other
area in this time period. While the research in this area has been driven by the USA in
the past, a focus on STEM continues to gain prominence in many countries, and this
will be increasingly followed by a research agenda. The two largely US-based
sources of data considered in this study, the Journal of Technology Education and
the Council for Technology and Engineering Teacher Education conference, both
have STEM-related papers as the most common area of publication. There is no
indication that this trend will abate as it continues to gain momentum in other
countries; it is likely that it will remain a significant area of research activity as the
role of technology education and its relationship to other subjects becomes more
clarified or redefined.
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Conclusion and Future Directions

The 2015 Horizon Report (Johnson et al. 2015) identified and described emerging
technology and the likely timeframes for their entrance into mainstream use for
teaching, learning, and creative inquiry. Bring your own device (BYOD) and
makerspaces were identified as important developments within the next year, and
the increasing use of blended learning and the rise of STEAM learning were
identified as key trends in the next 1-2 years. The interest in makerspaces does not
yet seem to have yet impacted on research in technology education, despite the
obvious synergies with technology workshops and the potential for school technol-
ogy departments to become an integral part of this movement. BYOD and blended
learning, while not directly identified as topics of frequent research in technology
education, there is an increasing focus on mobile/online learning (ranked 14th in
2006-2010, and 7th in 2014-2015). Research in this area may continue to help
clarify the general confusion between educational technology and technology edu-
cation. STEM research in technology education is also reflecting the Horizon Report
trends, being the most common (with curriculum) area of research.

In conclusion, the research trends in technology education include increasing
research in STEM, learning and mobile/online learning, and less research about
technological literacy, sustainability, and values. I had predicted in 2015 that a
research trend would be an increasing diversity of research topics, but it seems
that a consolidation rather than diversity is taking place.
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Chris Merrill

Abstract

Technology educators at all grade levels are engaged in research. Some technol-
ogy educators conduct informal research, while others implement formal, authen-
tic research in their classrooms. The purpose of this chapter is to showcase action
research in technology education as a method to authentically investigate prob-
lems technology educators may need to address in their classrooms. Action
research has been defined for the technology educator, as well as the benefits
and challenges of conducting authentic research. Further, the content of this
chapter focuses on the approaches of action research, developing a research

plan, and contextualizing action research in engineering design.

Keywords
Action research ¢ Technology education * Engineering design

Contents

INtrodUCHION . ... e
Benefits of Action Research .............ooiiiiiiiiii e
Challenges of Action Research .............coooiiiiiiiiiiiiiii e
Approaches to Action Research ...
Formalizing a Research Plan .......... ...
Potential Technology Education Problems to Investigate .....................oooiiiiin

Engineering Desigi . .....ooouuniiiii i
Conclusion and Future DireCtions ..............ooiiiiiiiiiiiiieii e iiiiiiiiiiieeeann.
RETCIENCES . ...ttt e e

C. Merrill (<)
Department of Technology, Illinois State University, Normal, IL, USA
e-mail: cpmerri@ilstu.edu

© Springer International Publishing AG 2018
M.J. de Vries (ed.), Handbook of Technology Education, Springer International
Handbooks of Education, DOI 10.1007/978-3-319-44687-5_20

101


mailto:cpmerri@ilstu.edu

102 C. Merrill

Introduction

Technology educators, especially those at the primary and secondary levels, react
in various ways to ideas of research. For example, some educators may be intimi-
dated by the process of research and will likely never conduct a research-based
study, some educators are intrigued by the idea of research but are not clear on the
approach, while other educators embrace and conduct research, especially research
that is directly beneficial to their classroom. It is the premise of this author that action
research can be conducted in the technology education classroom and that all
educators, whether they realize it or not, conduct research in their own classrooms;
the challenge, however, is to formalize the research process so the outcomes become
empirically based, rather than simply self-belief. Education action research can be
defined as “continual disciplined inquiry conducted to inform and improve our
practice as educators” (Calhoun 2002, p. 18). It is under Calhoun’s definition of
action research where the realities of technology education research can be
conducted. As a technology educator, you may likely ask questions like: (a) How
do I improve my instructional practice, curriculum, or assessment? (b) How can I
increase the involvement and success of my technology education students?
(c) How can I solve technology education classroom and laboratory problems? So,
then, how do we best answer these questions — research.

The purposes of this chapter are to (a) explore the benefits and challenges of
action research for technology education, (b) briefly describe action research
approaches, (c) identify some topics that can be authentically investigated in tech-
nology education, and (d) discuss the process that technology educators can imple-
ment for rewarding research.

The roots of action research reside in Kurt Lewin’s theory of research that was
focused on workplace studies in the 1930s. Lewin’s process of action research was
described as spiraling because it “included reflection and inquiry on the part of its
stakeholders for the purposes of improving work environments and dealing with
social problems” (Hendricks 2009, p. 6). Today, education action research is widely
utilized, appearing in academic journals and developing into networks in many
countries. Action research has been offered as an alternative method of providing
empirical evidence for teacher change, leading to the improvement of the educative
process (Johnson 2012; Mills 2014). Action research has also been discussed as
an avenue for individual professional development, school collaboration, and edu-
cational reform. As Calhoun stated, action research “can change the social system
in schools and other education organizations so that continual formal learning is
both expected and supported” (p. 18).

Benefits of Action Research
Mitchell et al. (2009) describe the benefits of beginning teachers conducting

action research as (a) teachers developing their identity as subject specialists,
(b) teachers developing their personal levels of self-efficacy and empowerment,
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and (c) beginning teachers solving problems that are more characteristic of expert
teachers. Hine and Laverty (2014), in their research following three classroom
teachers over an extended period of time in Australia, described the benefits of
action research for classroom teachers as (a) filling the gap between theory and
practice, (b) teacher empowerment, and (c) worthwhile means of professional
growth and development. Filling the gap between theory and practice results from
educators investigating primary and secondary sources based on the particular
problem that they are facing in the classroom or school. In order to fill the gap
between theory and practice, educators engage in action research that provides
answers to their questions. Action research may provide educators with empower-
ment in the classroom or school because they were the one(s) that directed the action
research study, collected and analyzed data, and used the information to make
decisions about their classroom or school. Finally, action research is worthwhile
professional development because the educator takes ownership in the research,
often resulting in an increase in knowledge and understanding of the problem.

Challenges of Action Research

Hine and Laverty (2014), in their discussion of action research, also noted that
challenges exist to successful action research. For example, action research is time-
consuming, often requiring educators to work on their research outside of the normal
work day. It is important for educators to know that any research protocol will
take time to plan and execute and time will become an issue if presented as a
constraint to the researcher(s). Second, educators may question the validity of their
findings and wonder if they may have biased the results. Since some action research
places the educator in the middle of the study itself, it is possible for an educator
to have unconscious or even implicit biases when either implementing their research
protocol, collecting data, or analyzing data. It is important for educators to know that
bias, whether implicit or not, may have an effect on the overall success of the
research project — educators need to remain objective during research and conduct
the protocol, despite the findings. Third, it is easy for educators to not complete an
action research study if positive outcomes begin to appear in the classroom or school
as the study is taking place. Educators need to do their best not to accept pre-
conceived findings but to complete their study based on their research protocol.

Approaches to Action Research

While the purpose of this section of the chapter is to describe approaches technology
education teachers can take to conduct action research in the classroom, you
should first investigate what requirements or permissions are needed at your partic-
ular school in order to conduct research. For example, do you need to have parental
consent and student assent? What permissions are needed by school administrators?
Will participants be anonymous, and data collected confidential?
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There are multiple approaches technology education educators could use to
conduct action-based research; the two most popular approaches are single teacher
and collaborative. The first approach is for a single technology educator to formulate
and conduct an authentic study based on their classroom (students). Collaborative
research is utilized when educators work together on an educational issue; collabo-
rators may be other educators from the school, between or among industry partners,
or with college and university faculty. Technology educators may find it more
beneficial to use the collaborative approach in conducting action research because
of the availability to draw upon the expertise of peers, constraints of time, account-
ability within and among peers, and to reduce bias.

Whether or not you conduct your own study or collaborate with others, you
need to read research studies, especially those that are focused on teacher-based
research. After reading action-based research, you should be able to better under-
stand, from the teacher’s perspective, what was under investigation and why it was
so important for the teacher to investigate the problem, i.e., the rationale for the
study. Second, in an action research study, you should be able to understand what
steps or processes the researcher (educator) took to complete the study, including
the benefits and challenges. Third, how the study was evaluated, that is, what
constituted data and how the data was analyzed. Finally, what types of conclusions
did the educator make based on the study that helped to better inform their practice
or school?

Formalizing a Research Plan

Once you have a topic that is of interest, e.g., a problem is identified in your
classroom or school, and you initially deem it doable under your constraints, it is
time to formalize a plan of action. Similar to the multitude of design processes
students can use in order to solve technological problems, there are multiple ways
to formalize and conduct an action research-based study. However, all study
approaches start with the same first step: What is the problem? Is the problem
defined? Is the problem focused? This may be one of the hardest steps of the research
process, but careful attention needs to be placed here because if the problem is not
narrowly defined, your investigation may be unsuccessful or you may become
easily frustrated.

Next, one of the most time-consuming portions of your study, but one that needs
to occur, is the reading of literature that is similar or based on your topic. Your
review of the literature will reinforce that the problem under investigation is worth
investigating, versus a symptom that is occurring in the school or classroom that
may be easily corrected or addressed. Further, conducting literature reviews and
reading research studies will likely showcase the research instruments used in the
study. Research instruments may come in the form of surveys, focus group ques-
tions, case study scenarios, etc. Research-based instruments will also indicate how
validity and reliability of instruments were established. Educators may find instru-
ments that can be readily used in their study or instruments that can be easily
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modified. It is important for educators to know that there is no magical number of
articles or studies you need to read based on your topic but, rather, enough infor-
mation that you know the issues surrounding your topic. Without a literature review,
you will mostly likely not have sufficient prior knowledge about the topic or miss
out on an appropriate approach to how you might investigate your topic. Based on
the outcomes of your targeted literature review, you need to ask yourself or your
collaborators how to best collect data based on the problem that you have identified.
In some cases, you will be collecting artifacts, while in other situations, you may be
creating new instruments, modifying existing instruments, setting up some type of
experimental approach, etc. The approach you take will be based on the problem
under investigation and findings from the literature review you conducted.

Once the data is collected, you need to be able to analyze and interpret the data
you collected into meaningful information. The data you collect may show you that
the problem you thought you had in your technology education classroom was
really not an issue, while other times, the analyzed data will provide evidence
where the problem exists and at what level. From the analysis of the data, you and
your colleagues will be able to (a) develop practical strategies to address the
problem, (b) develop the necessary instructional steps, which may include, for
example, changes in the curriculum, and (c) establish a course of action to measure
changes. Finally, you and your colleagues will want to decide how to report your
findings. You could create a presentation-type report that could be shared with the
school community, you may decide to communicate your study using a traditional
research paper format, or you could report the findings by conducting professional
development with your colleagues; there is no right or wrong way to communicate
your results, but they must be communicated for all to learn. For all to understand
your action research project, it is recommended that you (a) state what the problem
under investigation was, (b) present the research-based question(s) you utilized,
(c) how or what you did to gather data, (d) illustrate what the results were, and
(e) communicate your next steps or plan of action to address the problem under
investigation.

Below are common aspects of a research protocol to be addressed for the welfare
of the researcher, as well as the participants. However, based on your specific setting,
you will need to check with your managers to access the specific requirements of
conducting a research study. Generally, you will be expected to:

* Provide an overall description of the research protocol, including the benefits of
the study for you and your students, goals, objectives, where the study will take
place, expected duration, etc.

* Describe how you will control for risks.

» Generate a parental permission letter and obtain parental permission.

* Generate a student assent letter and obtain student assent.

» Discuss how the study will be conducted, including how you will select the
participants for the study.

e Discuss how data will be obtained, whether the data will be confidential or
anonymous, how the data will be stored, and who will have access to the data;
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specific information will likely be asked about audio or video recording of
research subjects.

» Discuss what the nonparticipating students will be doing during the study.

» Discuss the provisions in place to minimize coercion.

» Provide copies or descriptions of the instruments being used to collect data.

* Discuss how you will report the findings of the data — who will see the final
results.

Potential Technology Education Problems to Investigate

From a technology education perspective, what can technology educators gain from
conducting action-based research? Let us take a look at one scenario facing tech-
nology educators across the globe where there are benefits of conducting an action-
based research study.

Engineering Design

What knowledge, dispositions, and skills are needed for technology educators
to effectively design, implement, and assess content that would draw upon engi-
neering design? What technological, scientific, and mathematical pedagogical con-
tent knowledge are needed to be an effective technology educator in relation to
engineering design? At my particular school, in my particular community, what
engineering design knowledge and skills do my students need in order to be
successful? Empirical evidence related to engineering design at the classroom
level would provide technology educators with evidence of their development as
subject specialists, where pedagogical content knowledge and levels of self-efficacy
may be deficient. Further, empirical evidence at the classroom level would illustrate
how theory and practice are symbiotic, teacher and student misconceptions related
to engineering design would be exposed and corrected, and the growth of the
technology educators would be measurable. This scenario can be approached in
two ways, the first being where an educator would try different approaches
most likely leading to some answers but more likely leading to “this is what |
thought” type of answer and the second, a systematic approach to answering these
questions through action-based research conducted at the school level, where the
ultimate focus would be on improving student learning and experiences.

In a 2012 study conducted by Martin and Ritz (2012) where the researchers
looked at technology education research priorities from a US perspective, the
following topics were recommended to the profession as areas of research needs:
(a) technology education’s impact on academic achievement, (b) benefits of K-12
technology and engineering education, (c) engineering content and curriculum,
(d) content of technology and engineering education, (e) research related to K-12
education, and (f) student learning. While these topics are certainly rich for research,
Martin and Ritz pointed out that some of these topics may be buzzwords and
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may not be priorities over time. Below are some suggested topics related to tech-
nology education that may be more doable and narrowly focused.

» Rather than look at engineering as a large researchable topic, technology educa-
tion educators could examine how engineering design notebooks are used in
the classroom, that is, (a) What constitutes an engineering design notebook?
(b) Is the use of an engineering design notebook beneficial for student achieve-
ment? If so, why? If not, what could be done by the educator to make them more
usable? (c) How are other technology education educators using engineering
design notebooks?

* What curricular and pedagogical approaches need to be implemented and
assessed in technology education to recruit and retain students from underrepre-
sented populations?

* What types of facilities are need