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Basic Principles in Holistic Technology Education

Kurt Seemann

Introduction

A school that adopts a curriculum, that aims for a holistic understanding of
technology, does so because it produces a better educated person than a
curriculum which does not. How do we know when we are teaching technology
holistically and why must we do so? Increasingly, more is asked of technology
educators to be holistic in the understanding conveyed to learners of technology
itself in order to make better informed technical and design decisions in a wider
range of applied settings. The ability of the learner to naturally consider social
and environmental factors, for example, when seeking solutions is seen by some
State education systems in Australia as fundamental to a genuine education in
technology (New South Wales Board of Studies, 2000 & 2002). In philosophy,
the holist position asserts that to understand the particular one must understand
its relation to the whole and that only through reflection of one’s sensation based
applications can genuine knowledge be critically affirmed (Matthews, 1980,
p.-87 & p.93). The combined apparently independent paths of the State and the
Holist positions set a compelling scene not only for the socio-economic
necessity for holistic technology education in the curriculum but also for
Technology’s status as a key curriculum agent in the knowledge formation
process of educated individuals.

This paper asserts that the general elements of Applied Setting (including
Time), Human (as Agent), Tool and Environment are well placed to be the
necessary basics to any holistic human technological activity. How and why
these elements work together, their schema, will be referred to in this paper as
the ‘Basic Principles’. The paper presents the thesis that Technology cannot be
reduced to less than these general elements and as such, Technology is their
product. We therefore may need to understand and teach these elements and
their relations to each other explicitly, in ways that reveal the utility of such
understanding when making technical choices and design decisions for all the
genres of technology and at all their scales of application and discovery. The
case is made for technology to not merely be a ‘know how’ learning experience,
but necessarily also a holistic ‘know why’ learning experience essential for
developing and transferring technological knowledge.
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The notions of holistic education are in themselves not new. Work on the
importance of holistic education dates back in Western settings at least to
Pestalozzi (1746-1827), Thoreau (1817-1862), Emerson (1803-1882), Alcott
(1799-1888), Dewey (1859-1952), Steiner (1861-1925), and Montessori (1870-
1952); and more recently to Hill & Smith (1998), Dufty, Dufty, Australian
Curriculum Studies Association, & Holistic Education Network (1994), and
Fowlers (1998).

However, what is relatively new in Australia is that expressions such as
“holistic solutions” are entering new draft Design and Technology secondary
school syllabi (New South Wales Board of Studies, 2002). There is a need to
understand technology itself holistically in order to teach it with greater
knowledge structure for learners. Redressing foundations for understanding
technology itself is overdue in our rapidly changing societies and economies.
While such general commentary has been recently entertained (Lewis, 2000;
Petrina, 1998), this paper seeks to examine the basis for a holistic understanding
of technology specifically, and thus the curriculum, teaching, and learning
implications that may flow from such understanding. It is timely to examine
useful schemas for how educational curriculum and pedagogy may be structured
to assure that learning in technology is indeed holistic in presentation,
assessment, and reporting. What is needed is a robust universal schema.

In addition to new school systems requiring students to learn technology
holistically, there are emerging signs that such understanding is also becoming a
vocational attribute expected of employees. Just as reporting is a motivator for
what schools will focus on in the delivery of their courses, so too is it an
emerging expectation for corporations and organizations to report on “The
Triple Bottom Line”: profit/loss, social and environmental balance sheets of
effort, and expenditure (Elkington, 1997; Wand, 2002). A desired capability is
for employees to naturally be disposed to include social and environmental
decision factors in their contribution to enterprise and production. In order for
both students and employees to display holistic capabilities, this paper asserts
that they ought first develop holistic understanding and holistic knowledge as a
framework for guiding development of any associated capabilities in technology
practice.

A Schema for Establishing a Holistic Under standing and K nowledge of
Technology
There can be many approaches to understanding the phenomenon we label

technology. Presented here is a phenomenological view to offer the reader a
deeper grounding into why certain conclusions are drawn and schemas
proposed. A schema gives teachers a framework to evaluate just how holistic a
lesson or curriculum is and can help a teacher decide what educational tasks to
include and how to construct the educational context and experience that will
foster holistic understanding in technology and design.
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We begin with the premise that holistic technology education is a necessary,
rather than desirable, outcome of schooling. The classical holist position in
education may be illustrated as follows:

To know thingsis to know thingsin relation; to know a part is to know how it
connects with the whole. In the process of codification, different impressions of
the same object or process are utilized so that interrelations might be
recognized. Itisthetotal vision which we call knowledge. (Matthews, 1980,
p.93)

Many teachers would argue that they already teach technology holistically.
However, the question we must pose is, how do we know?

Question 1: How do we know we are teaching technologies holistically?

There are many responses teachers give to this question. Typically, they
may range from “because my students discuss many issues in the design
process” to “I make sure they engage in social and environmental perspectives.”
The problem with such responses is that what is holistic is not grounded in some
universal reason or coherent schema of dependent relations. Why should
discussing social and/or environmental issues be included for claims of holistic
technological learning? Can one choose to discuss these elements, or must one
connect the dependencies of these elements to the technology being learned?
Such musings can quickly frustrate teachers, who often conclude that to teach
holistically, one needs to teach and consider everything. At this point some
teachers may be lost. Very often, at this point, some teachers find the task to
revert to traditional “particulars” like tool skills and task technique is all they
can do. That is, they revert to their narrow, but comfortable zones of assessing
tools and technique skills and particular knowledge for a product so that the
student can take home the object as a sign of successful learning. This paper
suggests that such patterns of pedagogy should be redressed.

Phenomenology of technology and knowledge development allows a
teacher to use a basic principles approach to formulate a universal schema or
cognitive framework. With basic principles, a teacher can indeed determine
what to include in lessons and evaluations to ensure reasonable holistic coverage
of any technical education. Surprisingly, we discover that technology education
and practice are not only a how-to experience, but significantly a know-why
experience. The latter is fundamental to the human act of creating new
knowledge itself, not just using knowledge. Know-why capability is important
for principles development. It fosters the reason why for things in many settings,
accommodating both the benefit of situational learning while also enabling
learning transfer or innovation to occur. Holistic education in technology
enables transfer of understanding to novel lifelong encounters, a quality lacking
in much of how-fo training in technology particulars.
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Knowing and Understanding Through Practical Engagement in
Technological Learning

The schema developed here begins with foundations in understanding how
technical or material experience, as a phenomenon in human activity, develops a
socially defined view of what knowledge is. When can we claim we know
something? Dialectics and praxis are very useful reasoning tools for
understanding the nature of an answer to this question in the context of
technology education. Why is this important? This section of the paper presents
the case that “knowing” and especially “understanding” occur better through
holistic educational experiences in technology, if structured properly, compared
to other modular, decontextualized, or disintegrated task skill approaches. It is
significant in our construction to recognize that theory and practice dichotomies,
as currently presented in many secondary and tertiary schools in technology, are
a problem. “Theory is taught through practice, and good practice is grounded in
good theory,” as my education lecturer often drilled. We do not really want to
present technology education as separating conceptual tool experience (how to
think skills) from physical tool experience (how to do skills). We do not want to
see “theory” classes estranged from “practical” classes, nor theory devalued or
even employed as punishment in learning technology and design. It is not the
product or the technical process we assess as educators, but the learner and his
learning.

Tool is defined here as anything we give use-value to as an instrument. A
brick or our fist is a tool if we decide to use it as a club. A car is a tool if we
decide to use it as a means to get us from A to B. An engineering algorithm is a
tool if we decide to use it to determine a load on a beam. In each case, tools help
us do things normally to manipulate a material, whether that material is at a
scale we relate to in ordinary experience or extraordinary, like information/data
that we manipulate with an algorithm or virtual tool.

Curricula and pedagogy that normally segregate knowing and doing raise
substantial educational concern and have so for many years. For Dewey,

A divided world, aworld whose parts and aspects do not hang together, is at
once a sign and a cause of adivided personality. When the splitting up reaches
acertain point we call the person insane. A fully integrated personality, on the
other hand, exists only when successive experiences are integrated with one
another. It can be built up only as aworld of related objectsis constructed.
(1963, p.44)

Dewey was quite strong on thisissue. We need to show how things are
interconnected as necessary interdependencies to give the technology or
technique meaning to students. This highlights the importance of holistic
education. A segregated education for Dewey was not an education:
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On theintellectual side, the separation of 'mind' from direct occupation with
things throws emphasis on things at the expense of relations or connections. . .
[Education] must find universal and not specialised application. (1966, p.143)

Dewey’s work clearly opens one of the differences between technology
education and technical training. the latter being geared to vocational,
specialized short-term task skills; the former, lifelong human capability. Our
interest is in technology education that shows us the basic principles for
teaching technology holistically: the interconnectedness or dependencies of
technologies. Our next question may therefore be:

Question 2: What exactly should be interconnected in our teaching of
technology?

The following formulates a case to answer this question. We will build the
basic principles of what the minimums are for a holistic technological
experience, ideally expressed in universal terms to permit knowledge transfer in
teaching and learning for any genre of technology curriculum. The learner
needs to become capable in technology and design matters and acquire lifelong
principles.

From Dialecticsto Praxisin Technology Education: Building
Under standing and K nowledge
The road from dialectics to praxis is an interesting one for technology
educationists because it addresses twists and turns (even head flips) from
knowing as an essentially theoretical (idealistic) process to a social-material
(surprisingly design- and technology-like) process. We will begin with Hegel
(1770-1831), who was a German idealist philosopher born in Stuttgart. He was
an idealist because for him, thought does not merely correspond to reality; it
produces reality (Speake, 1979): our thoughts are our reality and so all
knowledge can be formulated through pure reason. “Dialectic” was Hegel’s
name for the pattern that logical thought must follow. Broadly, he argued that
conscious thought proceeds by way of contradictions. Its process is by triads,
where each triad consists of thesis, antithesis, and synthesis. The concept of
“sharp” is not adequately understood without reference to an alternative “blunt.”
Both the thesis concept of sharp and the antithesis concept of blunt define each
other and therefore require each other. To see each concept as related, as
mutually defining, is their synthesis. At this moment a new level of reasoned
understanding is achieved. Put another way, a person starts with a proposition,
the thesis; this is consciousness as “understanding” and proves to be inadequate
by itself. The person's mind must therefore generate its alternative, the
antithesis. However, this on its own also proves inadequate. The resolution of
the opposites, therefore, requires that they be combined into a synthesis. This is
the level of conscious thought, or reasoned understanding. From here, the whole
triadic process may be repeated, the synthesis leading to a new thesis, and so on.
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This is elaborated in Hegel’s Phenomenology of Mind (1807) (Vazquez, 1977,
p.371).

The essence of Hegel’s dialectics is “the grasping of opposites in their
unity” (Hegel & Miller, 1989), a significant first step in building our basic
principles for holistic technology education. This is the immanent goal or
“telos” of Hegel’s philosophy. In the words of Suchting:

So, in Hegel, Spirit is essentially rational freedom and the source of the
dialectical development; the conflict between the necessity for Spirit to attain
its telos and the various successive inadequate conditions for thisto occur . . .
insofar as the system has an immanent tel os the devel opment envisaged is one
towards reconciliation of conflictsin alarger harmony, hence, the Hegelian
dialecticsis conservative in its very foundations and not merely asa
consequence of certain historical and personal factors. (1983, p.181)

Important to Hegel’s philosophy of dialectics is that “knowing” for him
begins, proceeds, and ends at the level of ideas. For him, matter is a product of
mind, rather than mind being the highest product of matter. All our knowledge
comes from pure theoretical reasoning.

Feuerbach and Hegelian Dialectics: TheHead Flip

Feuerbach (1804-72) was a Bavarian philosopher and theologian. Although
he was Hegel’s student, much of his work was critical of Hegel’s idealism.
Generally, Feuerbach was a materialist in the sense that he distinguished
between consciousness of an object and self- consciousness. At the same time,
he connected the material object with the subject by pointing out that
consciousness of the object always reveals some element of self-consciousness:
"In the object which he contemplates, man becomes acquainted with himself,
consciousness of the objective is the self-consciousness of man” (Vazquez,
1977, p.75).

Feuerbach is important because his view of knowing and understanding
introduced material objects (the world or environment outside the reasoning
mind) as a necessary, not merely desirable, condition for knowledge. This
revelation further builds our basic principles for holistic technology education.
Experiences from the environment outside the mind are now significant. For
Feuerbach, humans are sensual beings, not theoretical beings, as in the Hegelian
sense:

I unconditionally repudiate absolute, immaterial, self-sufficing speculation, that
speculation which draws its material from within. . . . | found my ideas on
materials, which can be appropriated only through the activity of the senses. |
do not generate the object from the thought, but the thought from the object.
(1843)

It is often said that Feuerbach inverts Hegel, turns him on his head. For
Feuerbach, mind now becomes the highest product of matter rather than matter
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being a product of mind. All our knowledge comes from pure material
experience.

Marx on Hegel’s I dealism and Feuerbach’s Materialism: Resolving the
Theory-practice Opposing Views of Knowledge.

Marx (1818-83) was regarded by some as more of a social theorist,
interested mainly in economics and history than in any particular philosophical
doctrine. Essentially Marx, too, inverts Hegel’s idealism. He extracted and
supported Hegel’s notion of dialectics, but rejected his idealist approach. He
supported Feuerbach's inversion of Hegel, but differed from his concept of
materialism in terms of the central notion of human practice, specifically the
social dimension of practice.

Marx rejected Feuerbach's relation between subject (the person) and object
(the environment) in which the subject is passive and contemplative, restricting
himself to receiving or reflecting reality. Here, knowledge was simply the
result of the actions of objects in the external world and their effects upon the
sense organs (Vazquez, 1977, p.118). Marx, therefore, identified the strengths
and weaknesses of Hegel’s idealism in dialectics and Feuerbach's passivity in
materialism.

Marx attempted to resolve the problems of idealism and materialism in his
system of historical materialism, the central concept of which focuses on the
practical interaction, which must occur between a person and his/her material
and social environment. In parallel with Hegel’s dialectics, the synthesis of
people and their environment, via practical human socially contextualized
activity, meant that a new level of awareness was achieved. Both the person and
the environment were transformed (Vasquez, 1977, p.193).

It is significant to divert slightly at this point to bring in a key notion that
centres the importance of technology learning to a society. Not only is
technology a study for its obvious applied and economic value, but there is a
case that technological learning, if connecting the general elements of human (as
agent), tools, and materials (as environment) to an applied setting, is a necessary
feature of knowledge formation and discovery:

... thereis no such thing as genuine knowledge and fruitful understanding
except as the offspring of doing . . . Men [sic] have to do something to the
things when they wish to find out something . . . The laboratory is a discovery
of the condition under which [human] labor may become intellectually fruitful
and not merely externally productive. (Dewey, 1966, p.275)

Technology is not the slave of science nor the neutral tools in designing.
Rather, technology is one of their full and equally rich symbionts and plays an
active role in knowledge formation!

In Question 1, the paper initiated the quest for the need to learn technology
holistically. In Question 2, the essential interconnected elements were explored
for what may constitute the holistic foundations of technological understanding.
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To progress to the final stage in this paper, there is a need to establish both the
structure and nature of such a holistic understanding of technology that permits
its status as a study area that is both essential to knowledge development and to
application. The integrating notion of praxis is proposed as a useful mental tool
to address the final step of synthesizing how the elements of human (as agent),
tools, and environment, applied over time, work together.

Praxisand Technics. Arriving at our Basic Principles of Halistic
Technology Education
Question 3: How do the applied setting, human, environment, and tool elements
combine holistically so that a person comes to know something of the world?

Marx departed from Hegel and Feuerbach by the importance he places on
actual human labor or practice. He adopted a dialectic methodology in that he
contrasts and identifies the inadequacy of “pure” idealism and “pure”
materialism; he synthesized the two at the new level of historical materialism.
This introduces the importance of time. The applied setting is subject to
evolutionary influences. Both theory and practice in the applied setting are
resolved best, according to Marx, via human material practice in social and
historical context. Marx’s thesis of historical materialism is essentially the
foundation of praxis. Praxis and technical activity concern the effect of
instruments and tools in the human transformation experience. The contributions
of Don lhde (1979) on instrumentation are summarized as key notions to a
schema for constructing basic principles in holistic technology and design
education.

Praxis, so far has been concerned with practical human activity and the
interaction of mind and matter, or human and environment. Thde’s work
identifies certain features of this interaction when instruments or artifacts
modify it. The human-environment interaction becomes a more complex
paradigm when an artifact modifies the experience:

Human (Agent)---------- World (Environment)
is modified to:
Human (Agent) --------- Artifact (Tool) -------- World (Environment)
Examples may include:
Observer ----------- Microscope ---------- Microbe
Student------------ Internet Computer-------- World Information

The observer does not gain feedback from the world anymore, but from the
world via the instrument or tool. That is, tools and so technologies are values
that are rich in their design, use, and context, and are active in their cause and
effect tendency. However, lhde pointed out that this modified interaction,
although non- neutral, is not necessarily a problem:
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My thesisisthat any use of technology is non-neutral. However, non-neutrality
isnot aprejudicial term because it implies neither that there are inherently
‘good’ or ‘bad’ tendencies so much asit implies that there are types of
transformation of human experience in the use of technology. (1979, p.66)

Ihde acknowledged that technologies need to be understood in context and
in purpose of application. That is, different kinds of technologies and tools
transform our knowledge differently. Also, the same tools and technologies
placed in different “world” settings transform our knowledge differently,
including the same tools/technologies in different social and/or material
environment settings, that is, different world settings.

This is significant because it raises the necessity for understanding that both
choice and design of tools and choice and design of world settings alter our
knowledge. Technologies are context sensitive— a key notion in technology
choice, transfer, and innovation diffusion. Designs of tools and environments
are socially and environmentally interdependent. To present technology
teaching and learning as value- and context-neutral is to misinform the learner.
The ability of the learner to naturally consider social and environmental factors
when seeking solutions to design and technical challenges is fundamental to a
genuine education in technology. Human, foo/, and environment in an applied
setting are the minimum elements of any technological activity. Each element is
a resource and constraint, and each require the other to define their value in the
applied setting. The elements are interdependent. Technology cannot be
reduced to less than these general elements and as such, technology is their
product. We therefore may need to understand and teach these elements and
their dependent relationship explicitly.

What develops as important in lhde’s work is the notion that praxis, though
necessarily producing artifacts from the human-environment interaction, must
increasingly include artifacts as a mediator in the interaction. Hence, the
paradigm in Figure 1 shows how each of the elements, while having an identity
(a “lobe™), also shares a necessary mutual dependency with the other elements
via the applied setting:

We now have a basis for determining the absolute minimums of what
constitutes holistic technology education (Seemann & Talbot, 1995). To teach
any technical process, to evaluate technologies, or to make design decisions that
ignore this interdependent schema of human, artifact/tool, and environment is
indeed not an education in technology. In the theme of Dewey (1963), the
interconnectedness of knowledge constitutes a key feature of an education.

Any experience is mis-educative that has the effect of arresting or distorting the
growth of further experience . . . Experiences may be so disconnected from one
another that, while each is agreeable or even exciting in itself, they are not
linked cumulatively to one another . . . Each experience may be lively, vivid
and 'interesting’, and yet their disconnected-ness may artificially generate
dispersive, disintegrated, centrifugal habits. The consequence of formation of
such habitsisinability to control future experience. (p.49)
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Figure 1. Minimum elements and their dependencies to teach in and about any
applied design and/or technology setting.

The basic principles of holistic technology education now appear to have
structure, a structure articulated elsewhere as technacy education (Seemann &
Talbot, 1995). When teachers instinctively claim that they include social
(human) factors, technical (tool) factors, and environmental (material) factors in
their lessons for specific applied settings, they indeed have good reason to
believe their pedagogy is heading toward being holistic. However, this coverage
cannot be delivered in a general way. It is important to present the
interconnections in explicit detail highlighting necessary and specific
dependencies that make sense. A key requirement is to set learning experiences
and assessment tasks for each lesson and unit of work that not only address
highly specific links that define the elements in relation to each other, but also
their total effect as a design and technology solution in the applied setting. In a
very real sense, technology is the product of the schema interacting to satisfy a
need or an aspiration.

Conclusions: Basic Principlesin Holistic Technology Education

Teachers who seek justification for deciding what may constitute the
minimums of holistic solutions in design and technology may refer to the
schema proposed here. A holistic understanding of technology develops
through structured or enabling-learning experiences that make explicit, in detail,
the interconnectedness of human, fool, and environmental factors, where these
three factors mutually require and define each other and act as both resources
and constraints in the applied setting. The schema gains strength through
historical examination of the nature or phenomenon of technological activity
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where not only are all three factors defined by each other, but design and
technology experiences, if taught holistically, as interconnected, are a condition
to new knowledge creation. Technology education is not merely a know-how,
but necessarily must be understood and presented in the curriculum to learners
as a know-why subject. Only then may there be reasoned claims to technology
being learned holistically. Peters provides a fitting end:

We would not call aman who was merely well informed an educated man. He
must aso have some understanding of the reason why of things. The Spartans,
for instance, were militarily and morally trained . . . But we would not say that
they had received amilitary or moral education; for they had never been
encouraged to probe into the principles underlying their code. (1971, p.8)
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