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Abstract This chapter examines how designing, particularly collaborative design-
ing, could be promoted in technology education classrooms. A few pedagogical
models, where the design process is approached through collaborative inquiry, are
presented. One approach, Learning by Collaborative Design (LCD) is described in
greater detail, because of its unique applicability to technology education. The ap-
proach focuses on object-oriented learning, i.e. learning activities organized around
the systematic and deliberate pursuit of knowledge-creation by constructing design
artifacts. The chapter introduces focal elements of the LCD model, such as authentic
design tasks that balance openness and constraints, as well as promotion of medi-
ated and embodied design practices, and discusses their implications for technology
education. In conclusion, the linkage between design learning and the maker move-
ment is examined, and directions for future research are proposed.

Introduction

In the contemporary world, design is all-pervasive, with the social, cultural, and
environmental effects of design apparent either directly or through various media.
Designed artifacts and solutions affect our lives and values, both from a personal
and societal perspective. In a broad sense, design concerns the ways in which human
beings modify their environments to better satisfy their needs and wants (e.g. de
Vries, 2009; ITEA, 2007). In many cases, the design process is realized through
working with various materials and technologies. Furthermore, the visual and tech-
nical knowledge of designing is essential; students learn how to generate design
ideas, develop their ability to advance the ideas by drawing and using CAD tools
(e.g. Kelley & Sung, 2016), and learn to materialize their ideas with different tools,
techniques, and materials (e.g. Welch, 1998). Consequently, the overall aim of de-
sign learning in general education (i.e. elementary and secondary school) can be
seen as generating a basic understanding of how design and technology affect the
world, and how we exist around design and technology (de Vries, 2009; ITEA,
2007). Thus it can be argued that, design is at the core of technology education, and
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neither design nor technology can be fully appreciated without an understanding of
the other.

Both design and technology are still a newcomers in education; in most Western
countries design and technology education has been developed only in the past two
or three decades (de Vries, 2009). There is considerable variation between countries
in how design is included in the curriculum and used in the classroom (e.g. Kelley
& Sung, 2016). In some countries (such as U.K.), design is included in technology
education, in others, it is a cross-curricular subject, or integrated with other school
subjects, such as science, art, home economics, or craft. Design can be a subject of
investigation, a means of investigation, or both. It can be either compulsory or op-
tional. Thus, design education lacks the identity and long tradition of a well-estab-
lished subject, such as mathematics or science, and still needs a framework and a
basic concept as a subject in education (Dahlin, Voll, & Svorkmo, 2013).

This chapter examines how collaborative designing could be promoted within tech-
nology education. As with any other form of intelligence, design competence is not
a given “talent” or “gift,” but can be learned and developed. Learning through de-
sign (Harel, 1991) is based on a constructionist theory that regards learners as build-
ers of their own knowledge (Kafai, 2006; Papert, 1991) and sees learning not only
as the development of knowledge, but also as the cultivation of ways of thinking
and acting. Collaborative designing refers to a process in which students actively
communicate and work together in identifying design constraints, creating and shar-
ing design ideas, deliberately making joint decisions and producing shared design
objects, constructing and modifying their design solutions, as well as evaluating
their outcomes through discourse (Hennessy & Murphy, 1999). As the design pro-
cess closely resembles inquiry process, this chapter, first, presents a few pedagogi-
cal models where the design process is approached with collaborative inquiry. Then,
one model, the Learning by Collaborative Design -model, is described more thor-
oughly, as it is considered especially applicable to technology education. Focal el-
ements of the model, design problems and constraints, as well as mediated and em-
bodied design practices, are presented, and implications for technology education
discussed. Finally, conclusions and future directions of designing within technology
education will be considered.

Approaching Design and Technology
through Collaborative Inquiry

Inquiry-based approaches to design and technology education have originally been
developed in countries (such as the U.S.), where mainly technology, but also design,
have been considered as part of STEM-education. These approaches purposefully



use design and technology as a vehicle for constructing new science knowledge.
Integrating design and technology with science is seen as a valuable process, allow-
ing students to construct a deep understanding of scientific principles. An inquiry
approach (e.g. Fox-Turnbull, this volume; Krajick & Merritt, 2012) to the scientific
process emphasizes, for example, asking questions, planning investigations, using
resources to find information, analyzing data, communicating results, and recogniz-
ing and analyzing alternative explanations and predictions. Learning through design
encourages students to engage in many of these practices.

Learning by Design™ (LBD) (Kolodner et al., 2003) and Design-Based Science
(DBS) (Fortus et al., 2004) are programs in which a design challenge provides stu-
dents a reason for learning science content; engaging in the challenge provides an
authentic and meaningful context for using both science and design skills. In both
LBD and DBS classrooms, the work is built on multiple iterative cycles of con-
structing, evaluating, and revising models, along with discussion of issues that arise
while solving the design challenge. The main distinction between the programs is
that in LBD all iterations focus on the same science concepts, but at increasing lev-
els of complexity, whereas in DBS each iteration focuses on a different science
concept. However, each cycle also returns to the concepts presented in former cy-
cles in order to facilitate the development of a deep understanding of each of the
studied concepts. LBD and DBS have much in common with other inquiry-based
programs, which all share certain features: they (a) focus on authentic tasks for
lengthy periods of time, (b) lead to the creation of artifacts, (c) encourage the use of
alternative assessment methods, (d) make use of computer-based technology, (e)
build upon collaboration, and (f) view the teacher as a facilitator and a learner along
with the students.

The inquiry activities common to science classrooms can be used as a part of design
and technology education (Krajick & Merritt, 2012). However, designing also in-
cludes many features that cannot be reached through logical reasoning or other
methods used in science. In order to support students and teachers in engaging in an
inquiry-based approach to design within technology, two pedagogical models have
been developed: Design-Oriented Pedagogy (DOP) (Liljestrom et al., 2014; Var-
tiainen et al., 2012) and Learning by Collaborative Design (LCD) (Seitamaa-
Hakkarainen et al., 2001; 2010). Both approaches share several similarities with
other inquiry-based pedagogies, but in particular they focus on object-oriented
learning, i.e. learning activities organized around the systematic and deliberate pur-
suit of knowledge-creation through shared “objects” (see Hakkarainen et al., 2004;
Paavola et al., 2004). The main distinction between the approaches is that within
LCD students create knowledge through constructing design artifacts, whereas in
the DOP the emphasis is more on working with knowledge that is embedded in or
bound to cultural artifacts or natural objects.



The DOP (Liljestrom et al., 2014; Vartiainen et al., 2012) emphasizes participatory
perspectives on learning, and situates learning in out-of-school environments. The
DOP framework consists of four main phases: articulation of the phenomenon, de-
signing of the learning object, data collection of the learning object, and construc-
tion of the learning object. Typically the process begins at school and then extends
to a natural or cultural environment (such as a forest or museum), and to network
communities. The learning process is anchored on students’ ideas, thoughts, con-
ceptions, and interpretations about the shared design task, and participation in an
expert community is driven by the students’ own interests and research questions.
Students work together in teams in pursuit of advancing their own understanding to
be shared with the extended community. Moreover, the DOP employs the notion of
self-organizing systems of participatory cultures by underlining that the process is
not scripted in detail in advance, but has to be negotiated and actively designed by
the learners themselves.

Similarly, the LCD approach (Seitamaa-Hakkarainen et al., 2001; 2010) emphasizes
the open-endedness of the design learning process, as well as distributed expertise
and collaboration in all the phases of the process. Design problems are complex and
multidisciplinary in nature, and competence in design results largely from interac-
tion and collaboration with other individuals. Drawing on over twenty years of ed-
ucational research, the learning sciences have consistently proved that successful
collaboration supports learning in many ways, for example, by fostering deep un-
derstanding (see e.g. Sawyer, 2006). The experiences of collaborative designing in
educational settings appear to promote both participants’ creativity and their prac-
tices of collective elaboration of design ideas (Fisher et al., 2005) as well as the
implementation of these ideas in the actual design of artifacts. Furthermore, the
LCD underlines the use of expert tools and practices already in elementary school,
since expert knowledge is adapted to its purpose, and facilitates flexible problem-
solving (Kangas et al. 2013a).

The DOP framework focuses particularly on knowledge-creation through natural or
cultural artifacts in extended learning environments, the LCD is a more general ap-
proach to design learning especially applicable to technology education. In the next
section, the background and elements of the LCD approach are described.

Learning by Collaborative Design

The Learning by Collaborative Design model (LCD) has its theoretical foundations
in the pedagogical approaches of knowledge building (e.g. Bereiter & Scardamalia,
2003; Scardamalia & Bereiter, 2006) and progressive inquiry (e.g. Hakkarainen,
2009). In addition to discussing and sharing their opinions of the issues and themes
under study, students engage in crystallizing, externalizing, sharing, and developing



knowledge artifacts, such as sketches or prototypes, which embody their ideas
(Scardamalia & Bereiter, 2006). Creating new knowledge is seen to be a process
embedded in the practices enacted, and knowledge is treated as something that can
be shared and jointly developed (Hakkarainen, 2009). Knowledge is dealt through
the design mode where the focal concern is the usefulness, adequacy, improvability,
and developmental potential of all ideas (Bereiter & Scardamalia, 2003). The LCD
approach has been developed for over ten years, both in the higher education context
(e.g. Lahti & Seitamaa-Hakkarainen, 2004) as well as in elementary schools (e.g.
Kangas et al., 2013b; Seitamaa-Hakkarainen et al., 2010; Viilo et al., 2011).

The visual LCD model depicts designing as a spiral and cyclical process that is
approached iteratively through successive sequences (Figure 1). The model consists
of the following phases: (1) creating the design context, (2) defining the design task
and related design constraints, (3) creating conceptual and visual (physical) design
ideas, (4) evaluating design ideas and constraints, (5) connecting to expert commu-
nities and collecting data, (6) experimenting and testing design ideas by sketching,
modeling and prototyping, (7) evaluating functions of prototypes and (8) elaborat-
ing design ideas and redesigning. However, the phases of the LCD model are not a
prescription of rigidly specified design stages; rather, they describe the intertwined
facets of the complex and iterative design process. The participants (students, teach-
ers, and domain experts) share their expertise in creating a meaningful and authentic
design context and task for analyzing design constraints and collecting knowledge,
as well as providing feedback, in order to develop a shared design object.

insert Fig. 1.about here
Fig. 1. The model of Learning by Collaborative Design
(adapted from Seitamaa-Hakkarainen et al., 2010)

While the knowledge building pedagogy highlights conceptual aspects of inquiry
(e.g. students’ own theories), the LCD approach additionally underlines the role of
tools, instruments, prototypes, and other physically embodied aspects of inquiry as
essential parts of the process (see Hakkarainen, 2009); the interaction through and
around these design elements is primary. Designing involves the creation and use
of various forms of 2D and 3D representations, such as sketches, drawings, mind
maps, material collages, mock-ups, and prototypes. Through visualization and ma-
terialization, design ideas become visible for joint evaluation and development,
therefore, externalization of ideas plays a crucial role in collaborative designing.
From the beginning to the end, the design process is mediated by the shared artefacts
being designed. Thus, constant cycles of idea generation, and testing of design ideas
by visual modelling or prototyping, characterize the process. The participants trans-
form conceptual ideas into material forms in a way that, in turn, elicit further elab-
oration of ideas.



The following two sections of this chapter concentrate on the focal elements of the
LCD approach. First, the role of design tasks and constraints within technology ed-
ucation is examined, and second, the mediated and embodied nature of design prac-
tices is studied.

The Role of Design Tasks and Design Constraints

The LCD approach emphasizes an authentic design task situated in a meaningful
context as the foundation of the whole design learning process. Furthermore, the
model highlights design constraints as essential characteristics of the process. Set-
ting up a design task for the students is a constant quest for balance between the
openness and constraints of the task. According to Sawyer (2012) too much open-
ness or a lack of constraints may lead to traditional ways of making, whereas tasks
that have constraints in balance prevent students from following familiar patterns
and lead them to more advanced conceptions.

An authentic task refers to a problem that is both coherent and personally meaning-
ful, as well as purposeful within a social framework (Hennessy & Murphy, 1999).
Within the framework of designing, problems have a special nature and a particular
structure. Design problems are ill-defined and ill-structured (Goel & Pirolli, 1992),
that is, they are complex, open-ended, and dynamic; the process of solving the prob-
lem is parallel with the understanding of its nature (Dorst & Cross, 2001; Lawson,
2006). Creative designing simultaneously develops and refines both the design
problem at hand, as well as ideas for its solution, with constant iteration of analysis,
synthesis, and evaluation processes (Dorst, 2006; Dorst & Cross, 2001).

In principle, the number of possible solutions to design problems is unlimited,
which can be overwhelming for young students learning design. However, design
constraints determine and limit the amount of solutions (Lawson, 2006). Such con-
straints have a central role in the design process; through them a designer is able to
construct a rationale for design decisions (Goel & Pirolli, 1992; Goel, 1995; Seita-
maa-Hakkarainen & Hakkarainen, 2000). Lawson (2006) divides the design con-
straints into two main types, those that are linked with some external factor not
under the designer’s control (e.g. user needs), or those that are internal to the system
or object being designed (e.g. safety regulations). External constraints are generated
through the needs of participants in the design process; the requirements of the phys-
ical environment of the product being designed; or in terms of available resources,
among other factors. They are more rigid than internal constraints, and can some-
times determine the whole form of the process. On the other hand, external con-
straints can be inspirational and compose the very essence of the special, possibly
unique, context for designing. Internal constraints form the basis of the problem



solving process, are flexible, and have only an abstract connection to the designed
object.

As described above, the LCD model underlines collaboration and distributed exper-
tise in all the phases of the design learning process, including the definition of the
design task and the constraints. In schools generally, and in technology education
particularly, design projects can address several themes from cultural phenomena
to interdisciplinary topics. The meaning of the process is constructed by the teacher,
on one hand, who embeds different goals to the design tasks and anchors it to stu-
dents’ previous knowledge. On the other hand, the reason for designing is formu-
lated by the students themselves through the process of framing the design task,
generating design ideas, and constructing the problem and solution simultaneously
(Laamanen & Seitamaa-Hakkarainen, 2014). When students are actively involved
in formulating the design task and the related constraints, they are better able to deal
with the ambiguity of the design process, and they become more capable of seeing
structure in the complex and open-ended design task. Further, they are better able
to focus their attention on the relevant aspects of the design problem space, to move
beyond their familiar patterns, and to carry out multidimensional reflections of de-
sign ideas (Kangas et al., 2013a, 2013b).

Mediated and Embodied Design Practices

The design context, task, and constraints described above form the basis of the de-
sign process, but they are also further defined through design practices implemented
- in the course of design ideation as well as iterative experimentation, evaluation,
and elaboration of ideas (see Figure 1). In designing, and in technology education,
the practices enacted are socially and materially mediated, as well as embodied in
nature. Learning in design and technology takes place through several levels of in-
teraction: verbal and non-verbal communication with others; interaction with tools
and machines; thinking and communicating through sketches, pictures, drawings,
and instructions; and through materials, products, aesthetic and emotional experi-
ences (Illum & Johansson, 2012; Johansson, 2006).

In design ideation the emphasis is on seeing beyond the obvious and developing
personal constraints on the design task; it is the start of the generating-transforming
process in which a designer uses knowledge, skills, materials, and tools in order to
create something new or change a situation. Designers usually employ sketches as
the first step of the process, for externalizing and visualizing ideas at an individual
level (Goel, 1995). Sketching has a crucial role in generating, developing, and com-



municating ideas; it is both a powerful form of thinking and the fundamental lan-
guage of designing (Hope, 2000; MacDonald, Gustafson, & Gentilini, 2007; Welch
et al., 2000). Designing is also material-centric and object-oriented; engagement
with and manipulation of physical materials is often an intrinsic part of the design
process (Ramduny-Ellis et al., 2010). Designers build various kinds of models to
explore their ideas in 3D form, from sketch models to appearance models and func-
tional prototypes (Pei et al., 2010). Material properties affect both the process and
the outcomes of design activity, constraining and inspiring the work of a designer
(Ramduny-Ellis et al., 2010).

The various design representations are focal in the work of professional designers,
however, the function and significance of these representations is not apparent for
school children learning design (Hope, 2000; MacDonald, Gustafson, & Gentilini,
2007; Welch, 1998; 2000). The formal design representations can become priori-
tized at the expense of participation and learning when the purpose and advantages
of'using them as design tools is not understood (Murphy & Hennessy, 2001). There-
fore, students should be more explicitly taught how to use varied tools and tech-
niques to facilitate the generation, not just the execution, of ideas (MacDonald, Gus-
tafson, & Gentilini, 2007). In order to achieve this, students should be involved in
several projects in which they can practice externalizing with different types of me-
diums. Drawing is often considered a most common tool that expert designers use,
however, students usually experience drawing as very challenging. If possible,
young students tend to move immediately to three-dimensional modeling (Welch,
1998), and these material, as well as verbal, methods may similarly support ideation.

Usually cheap and easy-to-manipulate materials (e.g. cardboard, masking tape,
wire) are used for modeling, however, rapid prototyping tools, such as 3D printers,
laser cutters, virtual modeling tools, and sue of CAD programs, provide new possi-
bilities for design and technology education. These so-called maker technologies
allow elements of a design to be easily changed and manipulated, enabling multiple
iterations of testing and making models, and encouraging students to take risks in
exploring novel solutions. Mistakes and failures are seen as natural parts of the pro-
cess, providing opportunities for reflection and further advancement of learning
(Blikstein, 2013). According to Campbell and Jane (2012) understanding various
representation methods, recognizing how they are used to construct explanations,
and negotiating the meaning of different representations are crucial to learning in
technology education.

Besides the social and material aspects of designing, recent research has emphasized
the embodied dimensions of design work, i.e. how the body is actively involved in
designers’ thinking and communication processes (e.g. Keller & Keller, 1996;
Poulsen & Thegersen, 2011). Competence in design develops through several con-
nected levels — social, material, and embodied — of thinking, interacting, and mean-



ing making. Authentic design tasks are challenging and require distribution of ex-
pertise in various ways: between humans; between humans, tools, materials, and the
surrounding space; and between mind and body. Further, designing requires the
generation and use of various kinds of knowledge in order to know, on one hand,
how to do design, and, on the other hand, how to generate the new knowledge that
such doing requires (see Vincenti, 1990). In technology education, the co-evolution
of conceptual, material, practice-related, and physically embodied artifacts and ac-
tivities is essential for the advancement of students’ design ideas (Kangas et al.,
2013a, 2013b). This, however, requires careful facilitation; students need support at
all levels of interaction and in moving between levels. They need to learn, for ex-
ample, how to collaborate constructively, how to use tools and materials, or how to
produce and use design representations for generating, developing, storing, and
communicating ideas.

Conclusions and Future Directions

Design learning aims to develop one's ability to see beyond the obvious, to experi-
ment with new ideas by sketching and prototyping, to make leaps of imagination as
well as to systematically analyze, generalize, and synthesize observations. Open-
ended design projects challenge traditional ways of learning by, for example, dis-
rupting the notion of “right” answers and the ideal of measurable achievement
(Kafai et al., 2014). They provide novel possibilities for learning and knowledge-
creation, as from their very premise, they aim to create something new. Further,
since the objects and effects of design are daily apparent all around us, engaging in
and comprehending design processes provides a means of developing a deep under-
standing of the less tangible issues affecting us humans and the world we inhabit.
Through designing, students can be socialized to creative practices of working with
knowledge, which is seen as a fundamental future competence.

However, teaching designing to young students requires a great deal from the
teacher: accepting uncertainty, maintaining motivation and engagement, and fitting
the whole project into restricted time, space, and material resources. Creative pro-
cesses have an inherent power of motivation, but the process needs to be encouraged
by, for example, enabling choice and self-direction (Campbell & Jane, 2012). As a
starting point, the design learning process requires an open-ended design task that
is both authentic and meaningful, and that has constraints in balance. The task
should also provide ways of generating meaning for the process in order to pursue
ideation towards wider contexts of learning (Laamanen & Seitamaa-Hakkarainen,
2014). In addition, the design process should include various tools and techniques
for generating ideas, so that students can learn to understand the dynamics of design
ideation. Students should be guided to constantly move between thinking and doing
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activities, in order for knowledge-creation to take place on social, material, and em-
bodied levels of interaction.

In order to answer these challenges and to find new pathways for learning, educators
and researchers in the field of design and technology education have started to ex-
amine the ideas and implementation of the maker movement (e.g. Blikstein, 2013;
Kafaietal., 2014). Applied to educational contexts, the maker movement represents
a form of learning by doing, which might appear to echo the earlier formal appren-
ticeship model of learning, but instead emphasizes informal, networked, peer-led,
and shared learning activities in a community of practice. It underlines experimen-
tation, innovation, and the testing of theory through practical, self-directed tasks
and production of tangible artifacts, and is seen as having the potential to contribute
to a more participatory approach to learning. From the perspective of knowledge-
creation, maker activities contribute to the development of students’ sense of iden-
tity and agency, which enables them to see themselves as capable of improving
ideas and creating knowledge. The maker movement includes not only the process
of creating artifacts, but also the social and learning cultures surrounding their con-
struction. These communities are both physical and virtual, and according to
Thomas and Brown (2011), particularly online collectives represent a new culture
of learning, where learning emerges from the environment and grows along with it.
This kind of learning is suited for our world of constant change, because it com-
prises two important elements: a massive information network providing almost un-
limited access and resources to learn about anything and a constrained and struc-
tured environment that allows for unlimited agency to build and experiment with
anything within the boundaries of that environment.

There is some research available on designing in the field of technology education,
providing insights into, for example, various aspects of teaching and learning design
(for review, see Williams, 2016). The research suggests, for example, that designing
supports students’ engagement in authentic practice and provides a route to deep
learning. However, to a much lesser extent, research has systemically addressed the
question of what is actually learned through designing, what kind of knowledge the
students generate, and how this is related to a given curriculum. This challenge is
partly connected to the desired learning gains; how is it possible to define what
counts as success or evidence of the development of complex cultural practices that
may take several years to become fully articulated? Nevertheless, more research is
needed that provides evidence that design activities will lead to measurable ad-
vancement in depth of understanding of the design inquiry process, mastery of as-
sociated methods and practices, intellectual engagement as well as an enhanced
sense of being able to contribute to collective knowledge creation efforts.
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